
Week 3 – The Pancreas: 

• A gland with both endocrine (secretion of substances into the bloodstream) & 
exocrine (secretion of substances to the outside of the body or another surface 
within the body) functions 

• 15-25cm long & 60-100g in weight 

• Has 4 parts: a head, neck, body & tail 

• It lies posterior to the stomach 

• Is wrapped in a thin, connective tissue capsule 

• Its main duct (the Wirsung duct) runs its entire length 

• Throughout the exocrine tissue of the pancreas are several hundred thousand 
clusters of endocrine cells 

Functions of the Pancreas:  
1. Endocrine cells of the pancreatic islets secrete insulin & glucagon directly into the 

bloodstream. 
2. Exocrine cells (acinar cells & epithelial cells) of the duct system secrete pancreatic 

juice into the digestive tract. 

The Exocrine Pancreas: 
Releases pancreatic enzymes including: 

 Pancreatic alpha-amylase: a carbohydrase (an enzyme that breaks down 
starches (complex carbohydrates)). It is similar to salivary amylase in the mouth. 

 Pancreatic lipase: breaks down complex lipids. It releases products (such as fatty 
acids) that are easily absorbed by the small intestine. 

 Nucleases: break down nucleic acids. 

 Proteolytic enzymes: break down certain whole proteins. 70% of all pancreatic 
enzyme production is related to the enzymes that break down proteins. They are 
secreted as inactive proenzymes, and are activated after reaching the small 
intestine. If they were active before this site, they would actually start breaking 
down the body’s proteins. 

 Proteases: break down large protein complexes 

 Peptidases: break down small peptides into amino acids. 

Pancreatic pH buffering: 
➢ Secretin stimulates bicarbonate (HCO3

-) secretion in the pancreatic ducts when S cells 

detect that acid is present in the duodenum.  
➢ The bicarbonate then neutralizes the acidic environment 

Actions of Pancreatic Enzymes: 
➢ Trypsin, chymotrypsin, and elastase: break the peptide bonds in proteins to form 

peptide fragments. 
➢ Carboxypeptidase: splits off a terminal amino acid from the carboxyl end of 

proteins. 
➢ Lipase: splits off two fatty acids from triacylglycerol’s, forming free fatty acids & 

monoglycerides. 
➢ Amylase: splits polysaccharides into glucose & maltose. 



➢ Ribonuclease, deoxyribonuclease: split nucleic acids into free nucleotides.  

Pancreatic enzyme deficiency: 
The most common causes of this deficiency are chronic pancreatitis & cystic fibrosis. 

➢ Chronic pancreatitis: Long-standing inflammation of the pancreatic tissue. Over time 
it alters the structure & function of the pancreas. 

➢ Cystic fibrosis: A hereditary, recessive genetic disorder. Present at birth. Diagnosed 
using a heel-prick blood test, and a sweat test to confirm the diagnosis. A person 
with CF will lose more salt in their sweat than a person without the disorder. 

Cystic fibrosis: 
 Physiological issues: 

o Lung disease 
o Pancreatic insufficiency (PI) 
o Malabsorption 
o Cystic fibrosis-related diabetes 
o Other GI tract symptoms 

 

 Pancreatic Insufficiency: 
o Insufficient release/production of the enzymes related to the break down of 

nutrients – leading to mal-digestion & malabsorption. 

o Ion transport (of both Cl- & HCO3
-) is defective. This results in a build up of mucus, 

obstructing the ability of the pancreas to secrete enzymes into the small intestine.  
o Lower level of digestive enzymes (e.g. lipase, amylase). 
o Pancreatic fibrosis (pancreatic scarring) – which alters the structure & function of the 

pancreas, leading to fatty infiltration of the pancreas. 
o All of these issues result in malabsorption, steatorrhoea (excess fat in your faeces) & 

deficiency of fat-soluble vitamins (A, D, E & K). 
 

 Treatment of cystic fibrosis: 
o Enzyme replacement therapy – administered at meals containing protein &/or fat. 

Not needed for meals with little or no fat. 
 

 Dietary guidelines for cystic fibrosis: 
o Similar to the healthy population, with some distinct differences 
o Chose a nutritious, high-energy diet from a wide variety of foods. 
o Eat plenty of fat & sugar 
o Eat more breads, cereals, meats, protein foods & milk products 
o Use plenty of salt 

The endocrine pancreas: 
• The endocrine portion of the pancreas takes the form of many small clusters of cells 

called Islets of Langerhans. 

• Pancreatic islets house three major cell types, each of which produces a different 
endocrine product – Alpha, Beta & Delta cells. 

• Alpha cells (α‐ cells) secrete the hormone glucagon. 



• Beta cells (β‐cells) produce the hormone insulin and are the most abundant of the 
islet cells 

• Delta cells (D cells) secrete the hormone somatostatin, which is also produced by a 
number of other endocrine cells in the body. Somatostatin inhibits the secretion of 
glucagon & insulin. 

 

Pancreatic hormones: 
➢ In a fed state, insulin dominates glucagon. There is an increase in glucose oxidation 

(glycolysis), glycogen synthesis, fat synthesis & protein synthesis. 
➢ In a fasted state, glucagon dominates insulin. There is an increase in 

gluconeogenesis (synthesis of new glucose from non-carbohydrate substrates such 
as protein), glycogenolysis (glucose released from the breakdown of glycogen) & 
ketogenesis (the creation of ketone bodies from the breakdown of fatty acids). 

Insulin: 
 Structure of Insulin: Insulin is a protein (and a hormone), composed of two chains held 

together by disulfide bonds.  
Proinsulin (the precursor of insulin) consists of 3 domains: 

o An amino-terminal B chain 
o A carboxy-terminal A chain 
o A connecting peptide in the middle known as the C peptide 

 Functions of Insulin: 
o Decreases hepatic (liver) glucose production 
o Decreases lipolysis (the breakdown of fats into fatty acids occurring in adipose 

tissue) 



o Increases peripheral (muscular) uptake of glucose 

 

 Targets of Insulin Action: 
Carbohydrates: 

o Increased activity of glucose transporters (which move glucose into cells). 
o Activation of glycogen synthase (a key enzyme in the conversion of glucose to 

glycogen). 
o Inhibition of phosphoenolpyruvate carboxykinase (PEPCK) (an enzyme 

responsible for the creation of glucose from non-carbohydrate substrates). 
Lipids: 

o Activation of acetyl CoA carboxylase (which stimulates production of fatty acids 
from acetyl CoA). 

o Activation of lipoprotein lipase (an enzyme that increases the breakdown of 
triglycerides, resulting in fatty acids being taken up by adipocytes). 

 
Proteins:  

o Insulin decreases protein breakdown. 
 

 Insulin Release: 
o The normal fasting blood glucose concentration in humans is 80 to 90 mg per 100ml, 

associated with very low levels of insulin secretion. 
o Almost immediately after meals, plasma (blood) insulin levels increase dramatically. 
o Elevated glucose not only stimulates insulin secretion, but also its synthesis. 
o Insulin concentration peaks ~6 minutes after a meal. 



Insulin & Diabetes: 
Type 1 diabetes mellitus: where the pancreas cannot produce enough insulin. 

o This typically occurs as a result of beta cells of the islets of Langerhans being 
destroyed by an autoimmune attack provoked by an environmental agent (e.g. a 
virus). 

o There is diminished glucose uptake by the cells (as there is not enough insulin). 
o The rate of fat synthesis lags behind the rate of lipolysis. Fatty acids are converted 

to ketone bodies, producing ketoacidosis. This causes the blood to become more 
acidic. 

o Increased blood glucagon concentration, which stimulates glycogenolysis in the 
liver. 

o The result of this is hyperglycaemia (high blood glucose concentration - as you are 
creating more glucose as well as taking glucose in), which in turn results in osmotic 
diuresis (increased urination), causing dehydration, blood volume depletion & 
hypertension. 

o This also results in hyperketonemia, which in turn causes metabolic acidosis.  
 
Type 2 diabetes: typically diet-related; where one becomes insulin resistant and produces 
more insulin to compensate. 

Glucagon: 
• A peptide hormone consisting of 29 amino acids. 

• It acts on the liver to cause the breakdown of glycogen. 

• It inhibits glycolysis (the breakdown of glucose into energy). 

• It increases the production of glucose from amino acids 

• It increases lipolysis (the breakdown of fats into fatty acids) 
➢ This results in the maintenance of blood glucose levels during fasting. 
➢ Glucagon prevents hypoglycaemia (low blood glucose levels) by increasing cell 

production of glucose 
➢ Liver glycogen is primarily broken down to maintain blood glucose levels. 

 Targets of Glucagon Action: 
o Glucagon activates a phosphorylase (an enzyme that cleaves glucose-1-phosphate 

off glycogen which then allows it to form into glucose). 
o Inactivates glycogen synthase (which results in less production of glycogen). 
o Increases phosphoenolpyruvate carboxykinase (PEPCK), which increases the creation 

of glucose from non-carbohydrate substrates. 
o Activates lipases (lipid enzymes which allow triglycerides to be broken down). 
o Inhibits acetyl CoA carboxylase (which decreases fatty acid formation from acetyl 

CoA). 
➢ All of these things result in the production of more glucose & substrates for metabolism. 

 Regulation of Glucagon Release: 
o Increased blood glucose levels inhibit glucagon release. 
o Insulin inhibits the secretion of glucagon.  
o Amino acids stimulate the release of glucagon. 
o In times of stress, epinephrine acts on beta-adrenergic receptors on alpha cells, 

which increases glucagon release. 
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