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Objectives : 

● Functions of stomach
● Gastric secretion
● Mechanism of HCl formation
● Gastric digestive enzymes
● Neural & hormonal control of gastric secretion
● Phases of gastric secretion
● Motor functions of the stomach
● Stomach Emptying 

1Physiology435@gmail.com

Resources: 435 Boys’ & Girls’ slides | Guyton and Hall 12th & 13th edition
 Editing file

mailto:Physiology435@gmail.com
mailto:Physiology435@gmail.com
https://docs.google.com/presentation/d/1OFWykigDJVvczx-CCA0-1OYa8DhrssWdAiwl9BjPQ6I/edit?usp=sharing
https://docs.google.com/presentation/d/1OFWykigDJVvczx-CCA0-1OYa8DhrssWdAiwl9BjPQ6I/edit?usp=sharing


2

 

        
 

⅔

⅓

Anatomy & physiology of the stomach :

❖

 
❖

3 layers of 
muscles! =
Imp. role in 
digestion

https://en.wikipedia.org/wiki/Gastric_rugae


Relaxation reflexes in reservoir part:

● ● ●

● ● ●

●

  
accomadate for 

the recived food without 
significant gaastric wall 
distention or pressure 

Maintain a continuous 
compression)



Electrical action potential in GI muscles :

Gastric action potential triggers two kinds of 
contraction at the antrum:

         
❖ Leading contraction ❖ Trailing contraction

● Constant amplitude, 
associated with Phase 1

● have negligible amplitude as 
they propagate to the pylorus 

● causing closing of the orifice 
between stomach & 
duodenum.

●

●



Gastric juice

   

pH=2  It kills bacteria and 
denatures proteinsEnzyme breaks down proteins

  Gastric juice: 

Gastric secretion :

❖

❖
●
●
●
●
●  

Guyton corner : 
Parietal cell (also called 
an oxyntic cell) contains 
large branching 
intracellular 

. HCl is 
formed at the villus-like 
projections inside these 
canaliculi and is then 
conducted through the 
canaliculi to the 
secretory end of the 
cell.



Secretory functions of the stomach: 
In addition to mucus-secreting cells that line the stomach and secrete 
alkaline mucus, there is two important types of tubular glands: 

oxyntic (gastric) glands Pyloric glands

Secretion ● Hydrochloric acid (HCL)
● Intrinsic factor  

●  Gastrin 

● Pepsinogen  
● Mucus - protection - (HCO3-)

Location proximal 80%of stomach
(body & fundus)

distal 20% of stomach 
(antrum )

Illustration 
(extra pic) 

Guyton corner : 
The pyloric glands are structurally 
similar to the oxyntic glands but contain 
few peptic cells and almost no parietal 
cells. Instead, they contain mostly 
mucous cells that are identical with the 
mucous neck cells of the oxyntic glands. 
These cells secrete a small amount of 
pepsinogen, as discussed earlier, and 
especially large amount of thin mucus 
that helps to lubricate food movement, 
as well as to protect the stomach wall 
from digestion by the gastric enzymes.



HCl production and secretion :

❖ HCl production:
●
●
●
●
●
●

Active pumps

Free diffusion and osmosis 
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Guyton corner : 
1. Water inside the parietal cell becomes dissociated into H+ and hydroxide (OH−) in the cell cytoplasm. The H+ is then actively secreted into the 
canaliculus in exchange for K+, an active exchange process that is catalyzed by H+-K+ ATPase. Potassium ions transported into the cell by the Na+-K+ 
ATPase pump on the basolateral (extracellular) side of the membrane tend to leak into the lumen but are recycled back into the cell by the H+-K+ 
ATPase. The basolateral Na+-K+ ATPase creates low intracellular Na+, which contributes to Na+ reabsorption from the lumen of the canaliculus. Thus, 
most of the K+ and Na+ in the canaliculus is reabsorbed into the cell cytoplasm, and hydrogen ions take their place in the canaliculus.
2. The pumping of H+ out of the cell by the H+-K+ ATPase permits OH− to accumulate and form bicarbonate (HCO3−) from CO2, either formed during 
metabolism in the cell or while entering the cell from the blood. This reaction is catalyzed by carbonic anhydrase. The HCO3− is then transported across 
the basolateral membrane into the extracellular fluid in exchange for chloride ions, which enter the cell and are secreted through chloride channels into 
the canaliculus, giving a strong solution of hydrochloric acid in the canaliculus. The hydrochloric acid is then secreted outward through the open end of 
the canaliculus into the lumen of the gland.3. Water passes into the canaliculus by osmosis because of extra ions secreted into the canaliculus. 

https://www.youtube.com/watch?v=p-X1lB_s2gc


Neural & Hormonal Control of Gastric Secretion

  1) Direct activation
 of parietal cells:

   by releasing Ach 

   2) Indirect activation:

  by releasing GRP 
(Gastrin-releasing peptide)

 
 

Release Histamine → 
activates H2 receptor 

(parietal cells) → 
increases acid secretion

Guyton corner : S
When meats or other foods containing 
protein reach the antral end of the 
stomach, some of the proteins from 
these foods have a special stimulatory 
effect on the gastrin cells in the 
pyloric glands to cause release of 
gastrin into the blood to be 
transported to the ECL cells of the 
stomach. The vigorous mixing of the 
gastric juices transports the gastrin 
rapidly to the ECL cells in the body of 
the stomach, causing release of 
histamine directly into the deep 
oxyntic glands. The histamine then 
acts quickly to stimulate gastric 
hydrochloric acid secretion.

(

Cimetidine: ( inhibitory effect  )
It is a H2 receptor blocker, used for peptic ulcer and gastroesophageal reflux.  

→
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The Rate of Secretion Modify the Composition of 
Gastric Juice :

❖

❖

❖

❖

❖ Briefly :

●
●
●



Phases of gastric secretion The videos are from 
the doctor’s slides 

Guyton corner : 
The cephalic phase of gastric secretion occurs even before food enters the stomach, especially while it is being eaten. It results from 
the sight, smell, thought, or taste of food, and the greater the appetite, the more intense is the stimulation. Neurogenic signals that 
cause the cephalic phase of gastric secretion originate in the cerebral cortex and in the appetite centers of the amygdala and 
hypothalamus. They are transmitted through the dorsal motor nuclei of the vagi and thence through the vagus nerves to the stomach. 
This phase of secretion normally accounts for about 30 percent of the gastric secretion associated with eating a meal

 1) Cephalic Phase: 

 2) Gastric Phase: 

Guyton corner : 
Gastric Phase: Once food enters the stomach, it excites (1) long vagovagal reflexes from the stomach to the brain and back to the 
stomach, (2) local enteric reflexes, and (3) the gastrin mechanism, all of which cause secretion of gastric juice during several hours 
while food remains in the stomach. The gastric phase of secretion accounts for about 60 percent of the total gastric secretion 
associated with eating a meal and therefore accounts for most of the total daily gastric secretion of about 1500 milliliter.

CNS -> activates 
vagus -> act on 
SUBMUCOSAL 
plexus which 
increases the 
secretions.
only 20% of the 
total secretions 
occur in this phase

12

3
4

3
The numbers are the 
steps from the 
beginning of this phase 
and you should know: 
60% of total secretions 
occur in this stage

https://youtu.be/pqgcEIaXGME
https://youtu.be/ifDp57pvKOg


Phases of gastric secretion (cont.)

Guyton corner : 

Intestinal Phase: The presence of food in the upper portion of the small intestine, particularly in the duodenum, will continue to cause 
stomach secretion of small amounts of gastric juice, probably partly because of small amounts of gastrin released by the duodenal 
mucosa. This secretion accounts for about 10 percent of the acid response to a meal.

Inhibition of Gastric Secretion by Other Intestinal Factors:
Although intestinal chyme slightly stimulates gastric secretion during the early intestinal phase of stomach secretion, it paradoxically 
inhibits gastric secretion at other times.This inhibition results from at least two influences:
1- Presence of food in the small intestine initiates a reverse enterogastric reflex (check first lecture)
2- Sence of acid, fat, protein breakdown products, hyperosmotic or hypo-osmotic fluids, or any irritating factor in the upper small 
intestine causes release of several intestinal hormones.
The purpose of intestinal factors that inhibit gastric secretion is presumably to slow passage of chyme from the stomach when the 
small intestine is already filled or already overactive.

 3) Intestinal Phase: 

Extra:

2

1

1

1
2

3 > So the peristalsis 
is inhibited by 

Myenteric plexus 
and by CCK



You will find the same illustration explained in details in the 1st pharmacology lecture   

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

●

●

●

http://ksumsc.com/download_center/2nd/2-%20GIT%20block/Teams/Pharmacology/


Guyton corner : As food enters the stomach, it forms concentric circles of the food in the orad portion of the 
stomach, the newest food lying closest to the esophageal opening and the oldest food lying nearest the outer wall of 
the stomach. Normally, when food stretches the stomach, a “vagovagal reflex” from the stomach to the brain stem 
and then back to the stomach reduces the tone in the muscular wall of the body of the stomach so that the wall bulges 
progressively outward, accommodating greater and greater quantities of food up to a limit in the completely relaxed 
stomach of 0.8 to 1.5 liters. The pressure in the stomach remains low until this limit is approached.

Storage function:

2. Mixing of food 
with gastric 

secretions to 
produce chyme 

1. Storage of large 
quantities of food 

 
3. Slow emptying of 
chyme into the small 
intestine at a suitable 

rate for proper digestion 
& absorption 

When food 
stretch the 
stomach a 

vagovagal reflex 
from the stomach 
to the brain stem 

Back to the 
stomach to 

reduce the tone 
in the muscular 
wall in the body 
of the stomach

Stomach wall 
bulges 

progressively 

Stomach will 
accommodate 
up to 

and 
pressure will 

remain low,may 
remain unmixed  
for 1 Hour in the 

corpus



Mixing and propulsion function: (by the Antrum mainly)

Location Result 

constrictor 
ring in mid to 

upper 
portions of 

the stomach

● As long as food is in the stomach, weak peristaltic 
constrictor waves (mixing waves) begin in the mid to upper 
portions of the stomach wall and move toward the antrum 

. “propulsion”
● It is initiated by the gut wall basic electrical rhythm (slow 

waves).

constrictor 
ring moving 
in antrum 

● As the constrictor waves move into the antrum they become 
more intense. “grinding” 

● Some become extremely intense providing peristaltic action 
potential-driven constrictor rings that force antral contents 
under higher pressure toward the pylorus.

● Motor behavior of the antral pump is initiated by a dominant pacemaker 
(ICC) & Gastric action potentials determine the duration and strength of 
the phasic contractions of the antral pump.

● Electrical syncytial properties of the gastric musculature account for 
propagation of the action potentials from the pacemaker site to the 
gastroduodenal junction.. 

2. Mixing of food with 
gastric secretions: 

3.  Stomach emptying (Pyloric pump):

● Most of the time 
contractions are weak 
and cause mixing of food 
with gastric secretions 
“grinding & 
retropulsion”

● of the time, contractions are in the 
form of tight ringlike constrictions that are  
6 times as powerful as mixing waves, 
these cause stomach emptying.

● Stomach emptying is promoted by intense 
peristaltic contractions in the antrum.



2. Mixing of food with gastric 
secretions: 

3. Stomach emptying (Pyloric 
pump):

Constrictor rings play an important role 
in mixing the stomach contents:

● Each time, it digs deeply into the 
food contents in the antrum.

● The opening of the pylorus allows 
only a few mls of antral contents to 
be expelled into the duodenum with 
each wave.

● As each wave approaches the 
pylorus, the pyloric muscle 
contracts. 

● Most of the antral content are 
squeezed upstream through the 
peristaltic ring toward the body

● The moving peristaltic ring 
(grinding) + upstream squeezing 
action (Retropulsion) is an 
important mixing mechanism

Role of pylorus in controlling 
emptying:

● Pylorus is the distal opening of 
the stomach, It is named the 
pyloric sphincter.

● Thickness of circular muscles is 
greater than in the 

antrum.
● It is slightly tonically contracted 

almost all the time. Emptying is 
thus opposed by resistance to 
passage of chyme at the pylorus.

● It is usually open enough to allow 
water & fluids.

● It is controlled by nervous and 
humoral reflexes from the 
stomach and duodenum.  



Hunger contractions:

●
●
●

●
●

Regulation of stomach emptying:

*Effect of gastric food volume: 
when volume is increased, it 
increases emptying due to stretch 
of stomach wall which initiate local 
myenteric reflexes causing:

● Increase activity of pyloric 
pump

● Inhibit the pylorus (sphincter)

*Effect of Gastrin hormone released 
from antral mucosa.

●  Enhance the activity of pyloric 
pump.

● Promotes the secretion of 
gastric acidic juices (HCL) by 
stomach gastric glands(oxyntic 
glands)

Guyton corner: Hunger contractions are most intense in young, healthy people who have high degrees of 
gastrointestinal tonus; they are also greatly increased by the person’s having lower than normal levels of blood sugar.



Factor: Inhibitory enterogastric 
nervous reflexes

Hormonal feedback:

Stimulus Factors that initiate these reflexes 
are:

● Duodenal distention
● Irritation of mucosa
● Acidity of duodenal chyme 
● Breakdown products such 

as proteins & fats.
● Osmolality of the chyme

The main stimulus for releasing these 
inhibitory hormones is fat in the 
duodenum through receptors on 
epithelial cells 

Mediated 
by: 

● Directly from duodenum to 
stomach via enteric 
nervous system in the gut 
wall

● Extrinsic nerves to 
sympathetic ganglia 

● Vagus nerves to the brain 
stem

Released hormones carried by blood 
to the stomach, they include: 

● The most potent hormone, CCK 
released from jejunum by fat

● Secretin released from duodenal 
mucosa in response to acid 

● Gastric inhibitory peptide (GIP) 
from upper small intestine 
mainly by fat in chyme and 
carbohydrates 

Effect All these reflexes strongly: (in contrast to gastric factors)
●  inhibit pyloric pump (emptying)
●  increase tone (contraction) of the pyloric sphincter 

Guyton corner : Summary of the control of stomach emptying. 
Emptying of the stomach is controlled only to a moderate degree by stomach factors such as the degree of filling in 
the stomach and the excitatory effect of gastrin on stomach peristalsis. Probably the more important control of 
stomach emptying resides in inhibitory feedback signals from the duodenum, including both enterogastric inhibitory 
nervous feedback reflexes and hormonal feedback by CCK. These feedback inhibitory mechanisms work together to 
slow the rate of emptying when (1) too much chyme is already in the small intestine or (2) the chyme is excessively 
acidic, contains too much unprocessed protein or fat, is hypotonic or hypertonic, or is irritating. 



Digestion :

❖ Stomach is a poor absorptive area of GIT, due to: 

●
●
●

Absorption : 

❖ Digestion of Carbohydrates in stomach and mouth:

α →
→ →

❖ Digestion of proteins in stomach:

Pepsin Hydrochloric acid (HCl)

● Secreted by chief (peptic) cells

● It is active at (e.g. stomach) 
and inactive at (e.g. 
intestine)

● Initiate protein digestion (
of protein digestion),including 
collagen.

● secreted by parietal (oxyntic) 
cells.

●

●



SUMMARY 
Type of glands oxyntic pyloric Cardiac glands

Special secretion HCl- Intrinsic factor  Gastrin

General secretion Pepsinogen - mucus

Location Body and fundus 
80%

Antrum 20%

Function of stomach

storage Mixing of food with gastric 
secretions

Pyloric pump(stomach 
emptying)

-Stomach will 
accommodate up to 

-Stretch receptors in 
stomach initiate the 
vagovagal reflexes.

Three stages:

1.propulsion: from fundus 
toward the pylorus.

2.grinding: mixing action 
occur near to pylorus.

3.retropulsion: small 
amount of chyme move to 
the duodenum.

controlled by nervous 
and humoral reflexes 
from the stomach and 
duodenum by their effect 
on pyloric sphincter

Regulation of stomach emptying 

Gastric factors Duodenal factors

Factors
* gastric food 
volume.

*Gastrin 
hormone

*Inhibitory enterogastric 
nervous reflexes:
Mediated by :
-ENS.
-Extrinsic nervous system 
-vagus nerve.

Hormonal feedback:
-Stimulated by fat in duodenum 
-mediated by release hormones:
CCk:released from jejunum by 
fat.
Secretin:released from duodenal 
mucosa in response to acid 
GIP:from upper small intestine 
mainly by fat in chyme and 
carbohydrates

Effect
Increase activity 
of pyloric pump

-inhibit pyloric pump (emptying)
- increase tone (contraction) of the pyloric sphincter



SUMMARY 

●
●

●
●
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MCQs



عمر آل سلیمان
عبدالعزیز الحماد

عبدالرحمن السیاري
محمد أبونیان

عبدالرحمن البركھ
إبراھیم النفیسھ

محمد البشر
عمر العتیبي
حمزة الفعر

عبدالله الجعفر
عبدالله الضحیان
حسن البلادي

حسن الشماسي
عبدالله الضبیب
محمد الفواز

محمد السحیباني
وائل العود

رواف الرواف
 عمر الشھري

اري خولة العمَّ
نجود الحیدري
 نورة الطویل
لولوة الصغیر
لجین السواط
رزان السبتي
ربى السلیمي
دیما الفارس
خولة العریني
ملاك الشریف
منیرة الحسیني
مروج الحربي
أفنان المالكي
دلال الحزیمي
 رناد القحطاني
سارة الخلیفة
فرح مندوزا
مي العقیل

نورة الخراز
 سارة الخلیفة
 نورة الخیال
رغد النفیسة

منیرة السلولي
نوف العبدالكریم 

سھا العنزي
نورة القحطاني

https://twitter.com/physiology435
mailto:Physiology435@gmail.com

