
First Part 





Islets of Langerhans secrete:  
1. Insulin and glucagon: Regulate Carbohydrates, Proteins  and 

fats intermediary metabolism 
2. Somatostatin: regulation of islet cell secretion 
3. Pancreatic polypeptide: regulation of ion transport in the 

intestine 

Islets cells:  
1. B (beta, β , 60-75%): located in the center of the islet; secrete 

insulin 
2. A (alpha, α, 20%): surround B cells; secrete glucagon 
3. D (delta, δ, less common): surround B cells; secrete 

somatostatin 
4. F (gamma, γ, less common): surround B cells; secrete 

pancreatic polypeptide 
 
 Size of endocrine glands (islet cells): 2% 
 Size of exocrine glands: 80% 
 Ducts and blood vessels: 18% 
 Total number of islets in human: 1-2 Million islets. 



Insulin:  
Structure: heterodimer (αβ bridged by S-S bond) polypeptide; 
(51 a.a.  nonglycosylated) 
Synthesis: by translation by ribosomes in REP 
Storage: in secretory granules 
Excretion: by exocytosis 
Half-life: 5min (insulin-receptor internalization and degradation by 
proteases 
Action: net storage of carbohydrates, proteins and fats (act on 
skeletal muscles, cardiac muscles, liver and adipose tissue) 
See NEXT page 





Important table 



Glucose entry across cell membrane – Stimulation by insulin:  
 
 Entry in intestinal and renal tubular cells: by Secondary 

active transport with Na+ “i.e.; by SGLUT”. 
 
 Entry in other cells: by facilitated diffusion using GLUTs. 

Insulin increase the number of GLUTs. In muscle and adipose 
tissues insulin increase the number of GLUT2 

 
 Entry in liver: Glucose enters by GLUT2. THEN phosphorylated 

by glucokinase. When free intracellular glucose reduced the 
entry by facilitated diffusion continue. Insulin induces 
glucokinase 

 

MCQ: Insulin increases the entry of glucose into 
A. All tissues 
B. Renal tubular cells 
C. The mucosa of the small intestine 
D. Most neurons in the cerebral cortex 
E. Skeletal muscle 



MCQ: β islets make up about 2% of the volume of pancreas. 
Which of the followings is not a feature of these cells? 

A. They account 60-75% of the cells in the islets of 
Langerhans 
B. They are located in the center of each islet 
C. They are surrounded by A, D and F cells 
D. They secrete glucagon 
E. They respond to increased plasma levels of arginine 
 

MCQ: Insulin is a polypeptide secreted by pancreas containing 
two chains of amino acids. Which of the followings is not 
related to insulin ? 

A. It is a heterodimer of αβ chains linked by S-S bonds 
B. It is synthesized by cytoplasmic ribosomes 
C. It has a half-life of 5min 
D. Has a net storage effects on carbohydrates, proteins 
and fats 
E. Its action is terminated by cells on which it is act 
 

MCQ: At least 4 polypeptides with regulatory activity are 
secreted by the islets of Langerhans in the pancreas. 
Which of the following are incorrectly paired? 

A. B cells: insulin 
B. D cells: somatostatin 
C. A cells: glucagon 
D. Pancreatic exocrine cells: chymotrypsinogen 
E. F cells: gastrin 

MCQ: Insulin is considered as a growth hormone secreted by 
pancreas c. Which of the followings is not an action of 
insulin ? 

A. It increase glucose entry in all tissues except RBCs, 
brain and heart 

B. It increase K+ entry into skeletal muscle and fat cells 
C. It stimulate hormone-sensitive lipase in adipose 

tissues 
D. It decrease protein catabolism and reduce plasma 

amino acids 
E. It inhibits gluconeogenesis in liver cells 

 
MCQ: Glucose enters cells by facilitated diffusion or by 

secondary active transport with Na+. Which of the 
followings is not correct for glucose transporters? 

A. SGLUTs are present in renal tubules and are not 
regulated by insulin 

B. GLUT2 are present in enterocytes and are not regulated 
by insulin 

C. GLUT4 are resent in skeletal muscle cells and are 
regulated by insulin 

D. Entry of glucose into cardiac cells is not largely 
regulated by insulin 

E. GLUT2 are resent in hepatic cells and are regulated 
by insulin 



Insulin and K+ plasma level:  
 
 Infusion of glucose and insulin: lower plasma K+ in patients 

with renal failure (use for temporary management) 
 

 Hypokalemia: developed in patients with diabetic acidosis who 
are treated with insulin 
 

 Mechanism: possibly due to increase the activity of Na+-
K+/ATPase pump (pumping more K+ into the cell) 



Insulin receptor– Stimulation by insulin:  
 Tetramer: 4 glycoprotein subunits (2α2β) 
 Type: Tyrosine kinase 
 Insulin binding site: the α subunits 
 Catalytic site: β subunits 
 Signal transduction: Phosphorylation of several proteins and 

dephosphorylation of others 
 Effect: Protein synthesis and cellular regulation 

 

MCQ: Insulin receptors are found on many different cells in the body. 
Which of the followings is not correct about these receptors? 

A. They are tyrosine kinase receptors 
B. They can bind IGF-I as swell 
C. They are heterodimers glycoproteins 
D. When activated they induce phosphorylation of some cellular 

proteins 
E. When activated in liver cells they increase the number of 

GLUT2 transporters 



Causes of insulin deficiency :  
 Pancreatectomy 
 Destruction of B cells by toxins 
 Drugs that inhibit insulin secretion 
 Anti-insulin antibodies 

 
Insulin deficiency causes hyperglycemia which has 
consequences of: 

1. Polyuria (excreted glucose osmosing water -  water 
diuresis) 

2. Dehydration (water loss due water diuresis) 
3. Polydipsia (Thirst due to dehydration and increase plasma 

osmolality) 
4. Polyphagia: feeling of hunger 

 
Diabetic control is indexed by level of HbA1c (glycated Hb A) 
Normal :             below 5.7% 
Prediabetes:      5.7 - 6.4% 
Diabetes:            6.5% or higher. 
 



Decreased intracellular glucose affect proteins:  
 Protein catabolize to supply amino acids for 

gluconeogenesis  (hence blood amino acids increase) 
 Liver convert amino acids into glucose (first step is 

deamination) 
 Deamination of amino acids increases blood CO2 (predispose 

to acidosis) 
 Glucagon and adrenal glucocorticoids also stimulate 

gluconeogenesis 
 In uncontrolled DM muscles are poorly developed 

 

Insulin deficiency :  
 Normally insulin inhibits the hormone-sensitive lipase in 

adipose tissue (inhibit lipolysis and promote 
adipogenesis) 

 Lipid catabolism thus accelerated causes increased 
ketone bodies formation ( and decrease synthesis of TG) 

 Plasma FFA is more than doubled 
 Glucagon also increase plasma FFA 

Intracellular glucose deficiency 
 Conversion of glucose to fatty acids decrease in the depots 
 
 
FFA parallel plasma glucose in DM and is better indicator of 
the diabetic state 



In uncontrolled diabetes:  
 The plasma is lipemic (increased FFA, TG and chylomicrons 

due to decrease removal of TGs into the fat depots “i.e.; 
decrease TG synthesis in adipose tissues”) 
 

 VLDL and LDL (hence plasma cholesterol) elevated that 
accelerate the development of atherosclerotic vascular 
disease. 

 The increase in VLDL or LDL is due to increase hepatic 
production or decrease removal of these lipoproteins 

Causes of coma:  
1. Acidosis (acetoacetate, β-hydroxybutyrate) 
2. Dehydration (due to water diuresis) 
3. Hyperosmolarity (due to high plasma glucose) 
4. Lactic acidosis (in hypoxic conditions) 





MCQ: In humans, insulin deficiency is a common pathologic 
condition. Which of the followings is not correct about 
insulin deficiency? 

A. It can leads to body weight reduction 
B. It can lead to hyperglucagonemia 
C. It is common in old individuals 
D. It can raise plasma osmolality 
E. It can be assessed by measuring the C-peptide in 

plasma 
 

MCQ: Hyperglycemia refers to raised in plasma glucose level. 
Which of the followings is not of the marks of 
hyperglycemia? 

A. Water diuresis 
B. High need for drinking water 
C. Feeling of hunger 
D. Glycation of hemoglobin 
E. Comma 
 

MCQ: Changes in carbohydrates metabolism is common in 
insulin deficient patients. Which of the followings is 
incorrect in those patients? 

A. There will be an increase in blood pH  
B. There will be an increase in protein catabolism 
C. There will be an increase in plasma glucagon level 
D. There will be a rise in cortisol secretion 
E. There will be an increase in blood urea nitrogen 

MCQ: Changes in lipid metabolism is common in insulin 
deficient patients. Which of the followings is incorrect in 
those patients? 

A. There will be an decrease in blood pH  
B. There will be an increase in lipid catabolism 
C. There will be an increase in plasma fatty acids 
D. There will be a rise HDL-cholesterol 
E. There will be an increase in acetoacetate blood levels 
 

MCQ: Metabolic changes in diabetic patients are either due to 
deficiency of intracellular glucose or deficiency of 
insulin action. Which of the followings is not related to 
deficiency of insulin action? 

A. Hyperglucagonemia 
B. Lipolysis 
C. Hyperglycemia 
D. Lactic acidosis 
E. None of the above 
 

MCQ: Coma in diabetics can be due to many causes. Which of 
the followings is not a cause of coma in diabetic 
patients? 

A. Ketoacidosis 
B. Hypovolemia 
C. Hyperosmolarity 
D. Hyperammonemia 
E. All above are causes of coma in diabetics 


