------------------------------------------------------- Control of Blood Glucose


Control of Blood Glucose

Introduction:

- glucose is an important source of energy for most cells and tissues such as brain need glucose constantly and low blood concentrations of glucose can cause seizures, loss of consciousness and death. Oppositely, prolonged elevation of blood glucose concentrations as in poorly controlled diabetes can result in blindness, renal failure, cardiac and peripheral vascular disease and neuropathy. Therefore, blood glucose concentration need to be maintained within narrow limits by finely tuned hormonal regulation of peripheral glucose uptake and hepatic glucose production, see below. 

Variations of concentration of blood glucose (measured by glucose oxidase colorimetric assay):

· Normoglycemia: Fasting blood glucose level (10-12 hours after the last meal)                                is 60 - 80 mg/dL.  Post-Prandial (2 hours after meal) is 70 - 110 mg/dL.

· Hypoglycemia: is a fasting blood glucose level below 40 mg/dL. 

· Hyperglycemia: is a fasting blood glucose level above 126 mg/dL or 140 mg/dL 2 hours after meal.

Sources and fates of blood glucose:

- Liver glycogen is enough to cover about 8 hours of fasting, whereas lactate from muscle glycogen can cover 25 hours.  About 40 % of the absorbed glucose is used for lipogenesis.
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Regulation of blood glucose:

- Blood glucose is regulated by hormonal and tissue regulation as follows:

A. Tissue role in regulation of blood glucose:

I. Gastrointestinal tract role:

- It prevents hyperglycemia after carbohydrate meal by slowing the evacuation of the stomach.  

- Maximum rate of glucose absorption does not exceed 1 gm/kg body weight/hour. Thus, absorption never exceeds the renal threshold of reabsorption in normal persons.

- Upon contact with glucose the intestinal mucosa secretes certain factors into the blood, which stimulate insulin secretion. Thus the body utilizes absorbed glucose more efficiently than intravenously injected glucose.

II. Hepatic role:

- It is the glucostat of the body.  Liver cells are freely permeable to glucose, whereas, the extra-hepatic cells are relatively impermeable and require insulin stimulation.  After meal (during hyperglycemia), liver decreases blood glucose level by glycogenesis, oxidation of glucose, non-essential amino acids synthesis and lipogenesis.

- During fasting (during hypoglycemia), liver increases blood glucose by glycogenolysis and gluconeogenesis.

II. Role of Muscles and adipose tissue: 

- After meal muscles prevent hyperglycemia by utilizing glucose in glycogenesis while adipose tissue utilizes blood glucose in lipogenesis. On glycogenolysis, muscle supply lactate as a gluconeogenic substrate, whereas, during fasting adipose tissue supply glycerol as a gluconeogenic substrate

IV. Role of Kidneys:  

- It maintains the blood glucose by preventing its loss in the urine.  It adds little glucose to the blood by gluconeogenesis during fasting.   It lowers blood glucose if its level exceeds renal threshold (160 -180 mg/dl) by excretion in urine.

B. Hormonal regulation:

I. Insulin:

- It secretion from (-cells of islets of Langerhans of pancreas is stimulated mainly by glucose and sulfonylurea and to a less extent by chronic exposure to GH, placental lactogen, estrogens, cortisol and progestins. Its secretion is inhibited by epinephrine. It is inactivated in liver by GSH-insulin transhydrogenase and in liver, kidney and placenta by specific proteases.  It is the only hypoglycemic hormone. Hypoglycemia is executed by:
a. On carbohydrate metabolism: 
· Increases glucose uptake by cells. Most tissues depend upon insulin as factor stimulating glucose uptake except liver, brain, intestine, heart, RBCs and kidneys 

· Stimulates glucose oxidation: by stimulating synthesis of key regulatory glycolysis enzymes: glucokinase, phosphofructokinase and pyruvate kinase in extrahepatic tissues.

· Inhibits gluconeogenesis: by inhibiting synthesis of key regulatory gluconeogenesis enzymes: pyruvate carboxylase, phosphoenol pyruvate carboxy-kinase, glucose-6-phosphatase and fructose-1-6-diphosphatase.

· Stimulates glycogenesis: by stimulating glycogen synthase.

· Inhibits glycogenolysis: by inhibiting glycogen phosphorylase through lowering of cAMP.

b. On lipid metabolism: Insulin stimulates lipogenesis and ketolysis, whereas, it inhibits lipolysis.

c. On protein metabolism: Increases amino acid uptake by the cells and stimulates protein synthesis.

d. On nucleic acid metabolism: Insulin stimulates nucleic acid synthesis.

II. Glucagon:

- Its secretion from (-cells of Langerhans is induced by hypoglycemia to cause hyperglycemia by:

a. Stimulation of glycogenolysis: By cAMP-dependent activation of phosphorylase.  Glucagon has no effect on muscle phosphorylase (no glucagon receptors on muscles). 

b. Stimulation of gluconeogenesis from pyruvate, lactate and amino acids by stimulating phosphoenol pyruvate carboxykinase.

III. Glucocorticoids:

- ACTH stimulates their secretion by adrenal cortex. They are hyperglycemic by:

a. Stimulate protein breakdown in peripheral tissues into amino acids and stimulate transamination and gluconeogenesis key regulatory enzymes.

b. Decrease peripheral glucose uptake and utilization except in brain, intestine, RBCs, heart, liver and kidney.

c. Maintain liver glycogen, thus they are catabolic on peripheral tissues and anabolic on liver.

IV. Adrenaline and noradrenaline:

- Their secretion by adrenal medulla is stimulated by hypoglycemia. They are  

     hyperglycemic by:

a. Stimulation of liver glycogenolysis and glucose output into blood when blood glucose level falls below 60 mg/dl.  Stimulation of muscle glycogenolysis releases large amount of lactate that is used for gluconeogenesis.

b. They inhibit release of insulin from (-cells. 

V. Thyroid hormones:

- Thyroxine is secreted by thyroid gland and is hyperglycemic by:

a. Stimulation of liver glycogenolysis by inactivating insulin by insulinase and increasing cellular sensitivity to adrenaline.

b. Stimulation of gluconeogenic glucose-6-phosphatase.

c. Stimulation of glycolysis and intestinal absorption.

· Hyperthyroidism leads to liver glycogen depletion and protein breakdown for gluconeogenesis.

VI. Anterior pituitary hormones:

- Three anterior pituitary gland hormones tend to elevate blood glucose level, i.e., ACTH, TSH and Growth hormone. ACTH and TSH increase blood glucose level through stimulation of the secretion of glucocorticoids and thyroxine.

- Growth hormone secretion is stimulated by hypoglycemia and increase blood glucose level by inhibiting glucose uptake by muscles but maintain liver glycogen. Prolonged exposure to high level of ACTH or Growth hormone causes hyperglycemia that increases insulin secretion, which leads to diabetes mellitus due to exhaustion of (-cells of pancreas.

Therefore, blood glucose level is hormonally regulated by balance between insulin and antiinsulin hormones:

a. After carbohydrate meal, blood glucose level increases, stimulating insulin secretion, which tends to decrease glucose level.

b. During fasting, blood glucose level decreases, stimulating secretion of anti-insulin hormones, which increase blood glucose level.

Variations in normal blood glucose

Hyperglycemia:

· It is the rise of blood glucose level above 140 mg/dl. 

 Causes:

a. Deficiency of insulin in:

· Diabetes mellitus (commonest cause).

· Experimental or surgical pancreatectomy (removal of pancreas).

· Alloxan and streptozotocin injection that destroy (-cells.

· Pancreatitis and pancreatic cancer.

b. Increased anti-insulin hormones:

- ACTH and glucocorticoids: as in adrenal cortical tumors and Cushing's syndrome.  Also, other stresses, e.g., sepsis, some infectious diseases, anesthesia, asphyxia and convulsions.

- Adrenaline: as in emotions, stress and pheochromocytoma.

- TSH and thyroxine as in hyperthyroidism.

- Pituitary growth hormone: as in Acromegaly.

c. Dietary or Alimentary, high carbohydrate diet especially rich in simple sugars. 

d. Drug-induced, e.g., chronic use of corticosteroids.

Hypoglycemia:

· It is the decrease of blood sugar level below 40 mg/dl.

  Causes:

a. Glycogen storage diseases: Causes fasting hypoglycemia.

b. Excess of insulin as in:

· Over dose of insulin during treatment of diabetes mellitus lead to hypoglycemia.

· Missing a meal during treatment with insulin.

· Insulinoma, a tumor of (-cells.

c. Decrease of anti-insulin hormones in cases of:

· Glucocorticoids as in Addison’s disease.

· Pituitary hormones as in panhypopituitarism.

· Thyroxine as in hypothyroidism.

· Liver diseases, sever exercises, alcoholism, tumors secreting IGFs and leucine sensitivity.

Effect of hypoglycemia: Hypoglycemia is a very dangerous condition because glucose is the major fuel of the brain. Hypoglycemia causes confusion and dizziness.  If blood glucose level is decreased below 40 mg/dl hypoglycemic coma will occur.  Clinically the condition has a picture similar to that of sympathetic over stimulation.

Glycosuria (Glucosuria)

Definition:  

- The presence of any reducing sugar in urine is called glycosuria, whereas, presence of glucose in a detectable amount by qualitative Benedict's test is called glucosuria.  However, glycosuria is inter-exchangeable with glucosuria. Normally, there is about 0.5 gm of glucose in urine that is undetectable.

- Glucose starts to appear in urine when its blood level exceeds that maximum renal reabsorption limit, i.e., renal threshold that is 160 - 180 mg/dL. Reabsorption is an active Na+-dependent glucose transporter-mediate process.   Presence of fructose in urine is called fructosuria, lactose is called lactosuria, and galactose is called galactosuria. 

Causes of glucosuria:

 A-Hyperglycemic glucosuria:  

 Its Causes are (types):
1. Diabetes mellitus due to decreased insulin secretion or increased insulin resistance.

2. Alimentary glucosuria due to intake of high carbohydrate diet. It will never cause glucosuria except when there is a mild impairment of glucose utilization

3. Emotional glucosuria: due to stimulation of adrenal medulla to secrete excess catecholamines.

4. Surgical and experimental diabetes mellitus induced by:

· Total or subtotal pancreatectomy and alloxan or streptozotocin injection.

· Injection of high doses of cortisone, anterior pituitary or thyroid hormones.

· Hyperfunction of anterior pituitary leading to GH, TSH and ACTH, hyperfunction of thyroid gland and increased glucagon secretion.
B- Normoglycemic glucosuria: 

   Its causes are
1. Renal diabetes: It is a congenital decrease in renal threshold due to inefficient reabsorption of glucose (diabetes innocence).  

2. Experimental renal diabetes induced by injection of phloridzin (a glycoside found in roots of apple tree) which inhibits reabsorption of glucose in renal tubules.

3. Pregnancy leads to decreased carbohydrate tolerance and renal threshold in the later months of pregnancy.

4. Renal diseases and toxicity by mercury, lead and cadmium.

5. Fanconi's syndrome.
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