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 دعاء لزميلنا رشيد

اللهم اغفر له وارحمه وعافه واعف عنه وأكرم نزله ووسع مدخله 
واغسله بالماء والثلج والبرد ونقه من الخطايا، كما نقيت الثوب األبيض 
من الدنس وأبدله دارا خيرا من داره وأهال خيرا من أهله، وزوجا خيرا 

زوجه وأدخله الجنة ، واعذه من عذاب القبر ومن عذاب النارمن   



 

  

• OBJECTIVES OF GLUCOSE HOMEOSTASIS LECTURES ON MONDAY  JAN 4 
• OBJ 1. Describe  plasma glucose level in well fed and poor fed state 

• OBJ 2. Illustrate plasma pattern of glucose, Insulin and glucagon after a meal and in between meals 

• OBJ 3. Explain principal hormones that affect blood glucose concentration in well and poor fed state. 

• OBJ 4. Explain metabolic effects of presence and absence of insulin . 

• OBJ 5. Explain the regulation of insulin secretion. 

• OBJ 6. Explain physiological effects of glucagon. 

• OBJ 7. Describe the regulation of glucagon secretion 

• OBJ 8. Explain metabolic, short and long term physiological changes of high level of plasma glucose 

• OBJ 9. Describe physiological changes in diabetes mellitus type I and type II. 

• OBJ 10. Discuss complications of diabetes from physiological perspective  

 Pancreas is a gland essential for the well-fed state 
 Pancreas functions: 

1. Digestion of : CHO/fat/protein by secreting certain 
enzymes to break down these materials to be 
absorbed. 

2. Regulates CHO in terms of monosaccharide, fats in 
terms of fatty acids and protein in terms of amino 
acids after absorption to be metabolized.  
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The red curve represents the normal blood glucose level: 

The raise in the curve represents the glucose level in blood after eating a meal, then 

within 2 hours the plasma glucose goes back to the pre-meal state then becomes in a 

steady states (almost constant). 

This also happens to amino acids and fatty acids, but what will happen to those loads 

of glucose? Parts of this glucose go to muscle , fats and liver cells by the presence of 

insulin.  

 

Increased Blood Glucose Stimulates Insulin Secretions.  

At the normal fasting level of blood glucose of 80 to 90 mg/100 ml, the rate of 

insulin secretion is minimal— on the order of 25 mg/min/kg of body weight, a 

level that has only slight physiological activity.  

If the blood glucose concentration is suddenly increased to a level  two to 

three times normal and is kept at this high level thereafter, insulin secretion 

increases markedly in two stages, as shown by the changes in plasma insulin 

concentration in Figure 79-8 : 



 

  

 

1. The concentration of insulin in plasma increases almost 10-fold within 3 

to 5 minutes after acute elevation of the blood glucose. The initial high 

rate of secretion is not maintained; instead, the insulin concentration 

decreases about halfway back toward normal in another 5 to 10 minutes. 

 

 

 

2. Beginning at about 15 minutes, insulin secretion rises a second time and 

reaches a new plateau in 2 to 3 hours, this time usually at a rate of 

secretion even greater than that in the initial phase. This secretion results 

from additional release of preformed insulin and from activation of the 

enzyme system that synthesizes and releases new insulin from the cells. 

 

 

 In abnormal individual, plasma glucose level will stay high, because of 

the lack of insulin (green curve, figure 79-12)  



 

  

The quantitative effect of insulin to facilitate glucose transport through the 

muscle cell membrane is demonstrated by the experimental results shown in 

Figure 79-4. The lower curve labeled “control” shows the concentration of 

free glucose measured inside the cell, demonstrating that the glucose 

concentration remained almost zero despite increased extracellular glucose 

concentration up to as high as 750 mg/100 ml. In contrast, the curve labeled 

“insulin” demonstrates that the intracellular glucose concentration rose to as 

high as 400 mg/100 ml when insulin was added. Thus, it is clear that insulin 

can increase the rate of transport of glucose into the resting muscle cell by 

at least 15-fold. 

Insulin works on liver cells, fat cells and muscle cells 

So when we back to figure 79-12, the raise of plasma glucose (red curve) stimulates 

insulin secretion, then glucose enters the muscle cells by insulin, so the plasma glucose 

within 2 hours go back to its per-meal state. 

In diabetes, the insulin doesn’t work, so the plasma glucose level remains high and the 

glucose content in muscle cells, liver cells &fat cells remains low. 

This also happens to plasma fatty acids and amino acids. 



 

  

Function of insulin is to displace 

glucose from plasma into muscle 

cells, fat cells & liver cells. 

What will affect insulin more, taking glucose orally or 

intravenously? 

Taking glucose orally will cause a high, sudden increase in 

plasma glucose so it will stimulate insulin secretion more than 

IV glucose which increases plasma glucose slowly. 



  

Seconds to 

minutes. 

Always inhibitor 

The Insulin Receptor & Mechanisms of Insulin Action 

↓aa, K,Po4 

Hours to 
days 

SECONDS 

Minutes to hours phosphorylation enzymes 

Always inhibitor 

Glycogen 



 

   

About insulin receptor: 

- Alpha subunits are totally outside the cell membrane. 

- Beta subunits cross the cell membrane and are attached to tyrosine kinase 

(once the insulin attaches the alpha subunit, tyrosine kinase will be 

activated). 

- Tyrosine kinase stimulates phosphorylation that increases or decreases the 

activity of enzymes, including insulin receptor substrates.  

Effects of insulin stimulation on carbohydrate, fat & protein 

metabolism: 

1. Within seconds after insulin binds with its membrane receptors, the 

membranes of about 80% of the body’s cells markedly increase their 

uptake of glucose. This action is especially true of muscle cells ,adipose 

cells, and liver but it is not true of most neurons in the brain. The increased 

glucose transported from plasma into the cells is immediately 

phosphorylated and becomes a substrate for all the usual carbohydrate 

metabolic functions. The increased glucose transport is believed to result 

from translocation of multiple intracellular vesicles to the cell membranes; 

these vesicles carry multiple molecules of glucose transport proteins, 

which bind with the cell membrane and facilitate glucose uptake into the 

cells. When insulin is no longer available, these vesicles separate from the 

cell membrane within about 3 to 5 minutes and move back to the cell 

interior to be used again and again, as needed. 

2.  The cell membrane becomes more permeable to many of the amino acids, 

potassium ions, and phosphate ions, causing increased transport of these 

substances into the cell. A mechanism to lower the plasma potassium level 

is by giving insulin considering the plasma glucose level to avoid 

hypoglycemia. 

3. Insulin increases the activities of enzymes that promote glycogen synthesis 

–but they are limited-. 
 



 

 

  

If there is a deficiency in 

the glucose pathway, the 

body will use the other 

metabolic pathways to 

produce acetyl CoA to 

enter the citric acid cycle 

and produce energy 

4. When the quantity of glucose entering the liver cells is still increasing , it 

can be stored as glycogen or can be used for local hepatocyte 

metabolism, insulin promotes the conversion of all this excess glucose 

into fatty acids. 

5. Insulin inhibits glycogenolysis (degradation of glycogen) and 

gluconeogenesis (degradation of fats and proteins to form glucose). 

6. Some insulin receptor substrates go to the nucleus and stimulate growth 

and gene expression which takes days to weeks. 

  In the absence of insulin, gluconeogenesis takes place. 

  



 

 

Insulin affects many organs:  
 

• It stimulates skeletal 
muscle fibers. 
  

• It stimulates liver cells.  
 

• It acts on fat cells 
 

• It inhibits production of 
certain enzyme. 

  

   In each case, insulin 
triggers these effects by 
binding to the insulin 
receptor. 

Thank you 


