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What are the types of glands?



Anatomy of pancreas
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Histology of the Pancreas

 Acini

◦ Exocrine 

◦ 99% of gland

 Islets of 
Langerhans

◦ Endocrine 

◦ 1% of gland



Secretory function of pancreas

 Acinar and ductal cells in the exocrine pancreas 
form a close functional unit.

 Pancreatic acini secrete the pancreatic digestive 
enzymes.

 The ductal cells secrete large volumes of sodium 
bicarbonate solution

 The combined product of enzymes and sodium 
bicarbonate solution then flows through a long 
pancreatic duct 

 Pancreatic duct joins the common hepatic duct to 
form hepatopancreatic ampulla

 The ampulla empties its content through papilla of 
vater which is surrounded by sphincter of oddi
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Composition of Pancreatic Juice

Contains
◦Water    

◦Sodium bicarbonate

◦Digestive enzymes

Pancreatic amylase  

pancreatic lipase

Pancreatic nucleases

Pancreatic proteases



Functions of pancreatic secretion

Fluid (pH from 7.6 to 9.0) 
◦ acts as a vehicle to carry inactive proteolytic 
enzymes to the duodenal lumen

◦ Neutralizes acidic gastric secretion

Enzymes  
◦ Digestion of 

 Proteins

 Lipids

 Starch 



Physiology – Exocrine Pancreas

• Pancreatic enzymes originate in the 
acinar cells

• Secretion of water and electrolytes 
originates in the centroacinar and 
intercalated duct cells

• Final product is a colorless, odorless, 
and isosmotic alkaline fluid that 
contains digestive enzymes 
(amylase, lipase, chymotrypsinogen
and trypsinogen)



Mechanism of HCO3- Secretion

• Apical membrane of ductal cells contains a 
Cl--HCO3

- exchanger
• Basolateral membrane contains Na+-K+ 

ATPase and a Na+-H+ exchanger
1. CO2 and H2O combine in cells to form H+ 

and HCO3
-

2. HCO3
- is secreted into pancreatic juice by 

Cl--HCO3
- exchanger 

3. H+ is transported into blood by Na+-H+

exchanger
• Absorption of H+ causes acidification of pancreatic 

venous blood



Mechanism of HCO3 secretion



Mechanism of HCO3 secretion



Phases of pancreatic secretion

• Cephalic phase:
• Through vagus nerve

• 20% of pancreatic enzymes

• Gastric phase
• Through vagus nerve

• 5-10 % of pancreatic enzymes

• Intestinal phase
• Through hormonal stimulation (secretin & CCK)

• 70-75 % of pancreatic enzymes & fluid 
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Control of Pancreatic Secretion

 Acinar cells (enzymatic secretion)
◦ Receptors for CCK and muscarinic receptors for ACh

◦ CCK is most important stimulant
 I cells secrete CCK in presence of amino acids and fatty acids in 

intestinal lumen

◦ ACh also stimulates enzyme secretion

 Ductal cells (aqueous secretion of HCO3
-)

◦ Receptors for CCK, ACh, and secretin

◦ Secretin (from S cells of duodenum) is major stimulant
 Secreted in response to H+ in intestine

◦ Effects of secretin are potentiated by both CCK and ACh









Digestion of  proteins in the stomach (A) and 

small intestine (B).







What protect pancreas from 
digestion by its enzymes

 Pancreatic enzymes are secreted in inactive 

form: trypsinogen, chymotrypsinogen, procarboxypolypeptidase.

 They will be activated by enterokinase enzyme 
in small intestine to their active forms.

 The acinar cells that secrete the enzymes 
secretes trypsin inhibitor which prevent 
activation of trypsin inside acini and ducts.

 When a duct is blocked the trypsin inhibitor can 
not inhibit activation of accumulated enzymes 
which will be activated and digest the pancreas 
in few hours. 



Enterokinase is an enzyme that is secreted by brush border of  small 

intestine and activate pancreatic enzymes.

Trypsin inhibitor is secreted by acinar cells to prevent activation of  the 

enzymes inside the cells, in the acini and in the  ducts. 





Group activity



Flipped classroom 

 Divide into 6 groups

 Prepare presentation about
◦ Enteric nervous system

◦ Swallowing 

◦ Function of saliva

◦ Motor function of the stomach

◦ Secretory functions of the stomach

◦ Mechanism of HCL secretion




