Modern methods of treatment sick of diabetes mellitus. Peroral  hypoglycaemic medicines, modern preparations of insulin and its analogues
The treatment of patients with DM is very important and may be difficult because of problems in achieving of normal glucose control. Because there is good evidence that hyperglycemia conveys risks for all of the common long-term complications of DM, which are the major cases of excess morbidity and mortality in diabetics.

The main principles of DM therapy.

1. Maintenance of metabolic status at normal level or as close to normal as possible (especially blood glucose and lipid concentration). Achievement of DM compensation.
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Criteria of DM compensation


2. Achievement and maintenance of normal or reasonable body weight.

3. Maintenance (preservation) of working capacity.

4. Prophylaxis of acute and chronic complications.

Treatment of DM has to be individualized and includes:

1. Diet. 

2. Oral hypoglycemic agents or insulin (indications for each vary with the type of DM and severity of the disease).

3. Exercise program.

4. Phytotherapy (plant’s therapy). 

5. Nontraditional methods of treatment.

6. Education of the patients about the nature of the disease, the importance of its control, all aspects of self-management and routine practices to minimize the development or severity of the diabetes’ complications. Physician  has to educate, motivate and monitor progress. Patient must understand the importance of differing life-style.
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Diet is the keystone of the treatment of the DM.
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The main principles of diet.

1. Balanced diet (diet should include physiologic meal components: carbohydrate comprises 50 – 60 % of total calories, fat – 24 – 25 % and protein – 16 – 15 %).

2. Normal-calorie diet in patients with type I DM (35-50 kcal/kg of ideal weight (weight = height – 100)) and low-calorie diet in obese persons (mostly in patients with type II DM (20 – 25 kcal/kg of ideal weight)). We try to decrease weight in obese patients on 1-2 kg/month by such diet. (Obesity leads to insensitivity of muscle and adipose tissue to insulin, presumable as the result of decreased binding of insulin to its plasma membrane receptor. Hyperglycemia is the face of increased insulin secretion and hyperlipoproteinemia are secondary to this abnormality. The defect in insulin binding and secretion is corrected by weight reduction.)

3. Regimen has to be consist of 4 – 5 – 6 small feedings a day. (The  most frequent regimen consists of 4 feedings a day, in which breakfast comprises 30 % of total calories, dinner – 40 %, lunch – 10 %, supper – 20 %. Sometimes patients need second breakfast (when they have a tendency to develop hypoglycemia). In such case it comprises15 % of the total calories and we decrease the quantity of calories of the first breakfast and dinner).

4. Exclusion of high-calorie carbohydrates (sugar, biscuits, white bread, alcohol).

5. Increasing the quantity of high fiber-containing foods (fruits (exclusion: banana, grapes), vegetables, cereal grains, whole grain flours, bran. Patients need 40 g fibers per day.

6. Limiting of meat fat, butter, margarine in diet, decrease red and brown meats, increase poultry and fish, encourage skim milk-based cheeses. Should be used skim or low-fat milk, not more than 2 – 3 eggs weekly.

7. Alcohol should be avoided as much as possible because it constitutes a source of additional calories, it may worsen hyperglycemia, and it may potentiate the hypoglycemic effects of insulin and oral hypoglycemic agents.

Sometimes (mostly in obese diabetics) achievement and maintenance of normal body weight may be enough to eliminate the need for oral hypoglycemic agents or insulin.

7. So, the diet should be planned in such way that the patient can follow it for the rest of his or her life without starving or becoming malnourished. 
Distributing of the BU in accordance with day’s energy need
	Meal
	Type of physical activity
	Obesity

	
	Easy
	Middle
	Hard
	

	1st breakfast
	2
	4
	5–6
	1–2

	2nd breakfast
	2
	2
	3
	1

	Dinner
	4
	5
	6–8
	2–3

	Snack
	1
	2
	2–3
	1

	Supper
	2
	3
	5
	1–2

	Late supper
	1
	1
	2
	–

	Total
	12
	17
	23–27
	6–9


Products equivalent to 1 BU
	Products
	Volume
	Mass, g
	Energy value (kcal)

	Rye bread
	1 piece
	25
	50

	Wheat bread
	1 piece
	20
	60

	Macaroni
	2 soupspoons
	45
	55

	Porridge (buckwheat, oat, rice, wheat)
	2 soupspoons
	50
	251

	Non-fat milk
	1 glass
	250
	70

	Potato
	
	200
	50

	Cabbage
	
	450
	65

	Cucumbers
	
	350
	50

	Tomatoes
	
	250
	45

	Bananas
	1/2
	90
	50


Sometimes (mostly in obese diabetics) achievement and maintenance of normal body weight may be enough to eliminate the need for oral hypoglycemic agents or insulin.

So, the diet should be planned in such way that the patient can follow it for the rest of his or her life without starving or becoming malnourished.
Oral hypoglycemic agents.

Inadequate control of hyperglycemia by the diet and exercises interventions suggests the need for a good glucose-lowering agent.

Oral hypoglycemic agents are useful only in the chronic management of patients with type II DM. The most commonly used are: the sulfanilureas, biguanides, alpha-glucosidase inhibitors, thiazolidinediones (potentiation of insulin action, glitazones), glinides (non-sulfanylureas insulin stimulators).
Oral antidiabetic drugs
1.
Preparations of sulfonylureas
1st generation: Acetohexamide
Tolbutamide
Tolazamide
Chlorpropamide 2nd generation: Glibenklamide
Glipizide
Glikvidone
Gliklazide
Glimeperide
2.
Postprandial stimulators of insulin secretion:
· Meglitinide analogs (Repaglinide)
· Phenylalanine derivative (Nateglinide)
3. Biguanides (Metformin)
4. Thiazolidinediones (Rosiglitazone, Pioglitazone)
5. Preparations, slowing down absorption of carbohydrates (Acarbose, Miglitol)
6. Incretines (Glucagon-like peptide – 1, DPP-4 inhibitors)
Sulfanilureas include:

· first generation: Tolbutamide, Chlorpropamide, Tolazemide, Acetohexamide (now are not used in treatment of the diabetics);

· second generation: Glibenclamide (Maninil (3,5 mg, 5 mg), Daonil (5 mg)), Glipizide (Glurenorm (0,03), Minidiab (5 mg)), Gliclazide (Diamicron (0,08)), Gliquidon;

	2 nd generation drugs (mg)
	Mg in 1 tabl
	Daily dose
	Duration of action
	Peculiarities

	Glibenclamid (Maninil, Euglu​can, Daonil, Glinil, Gilamat, Gliben, Glucoven)
	1; 1,75;

3,5; 5
	1-2
	12-24
	

	Glibornurid (Glutrid)
	25
	25-75
	8-12
	

	Gliquidon (Glurenorm, Beglicor)
	30
	30-120
	8-12
	Without  hepato- and nephrotoxic effects, metabolism through the intestinum 

	Gliclazid (Diamicron, Diabeton, Predian, Glizid)

Diabeton MR
	80

30
	80-320

30-120
	8-12

24
	Normalizes micro-

circulation, blood aggregation

	Glipizid (Minidiab, Glucontrol, Antidiab)
	5
	20
	8-12
	

	3 rd generation drugs (mg)
	
	
	
	

	Glimepirid (Amaryl)
	1-4
	4
	24
	


· third generation: Glimepiride (Amaryl (1 mg, 2 mg).

Action:

1) influence on the pancreatic gland:

· increasing of the β-cells sensitivity to the glucose and as a result higher secretion of glucose;

· stimulation of the exocytosis of insulin by insulocytes;

2) nonpancreatic influence:

· increasing number of the receptors to insulin;

· normalization of receptors’ sensitivity to insulin;

· increasing of  glucose transportation inside muscle cells;

· stimulation of  glycogen synthesis;

· decreasing of glycogenolysis and glyconeogenesis;

· decreasing of glucagon secretion and others.

Indications:

1) patients with type II DM (over the age of 35 – 50 years) who do not suffer severe metabolic abnormalities (hyperglycemia), ketosis or hyperosmolality;

2) [duration of diabetes less than 15 years.]

Contraindications.

1) type I DM;

2) blood diseases;

3) acute infections, heart, cerebral diseases;

4) trauma, major;

5) pregnant diabetics or lactation;

6) III – IV stages of angiopathy (but Glurenorm can be used in patients chronic renal failure, because of gastrointestinal tract excretion);

7) coma and precoma.

Commonly used sulphonylureas

	
	Glibenclamide
	Gliclazide
	Glipizide

	Duration of action
	12 – 20 hours
	10 – 12 hours
	6 – 12 hours

	Recommended dosage
	2,5 – 5 mg/d
	40 – 320 mg/d
	2,0 – 40 mg/d

	Route of excretion
	Renal
	Largely metabolized by liver, therefore can be used in renal failure
	Largely metabolized by liver, therefore can be used in renal failure

	Avoid
	In renal failure, old patients because they are more prone to develop hypoglycemia (use short acting drugs in old age)
	In hepatic impairment
	In hepatic impairment


Side effects.

1) hypoglycemia (hypoglycemic effect of sulfanilureas will be the most obvious in 7 – 12 days from the beginning of the treatment);

2) allergy;

3) influence on gastrointestinal tract (nausea and others);

4) leucopenia (decreasing of the quantity of white blood cells, platelets);

5) primary or secondary failure. (Primary failure defined as an inadequate response during the first month of treatment with maximum dosage, occurs in approximately 5 % of patients. Secondary failure is defined as a recurrence of hyperglycemia after an initial satisfactory response. Secondary failure may be due to nonadherence to eihter diet or sulfanilurea therapy, to disease progression, or to loss of efficacy of the agent.)

Biguanides include:

Metformine (Siofor 500, 850, 1000 mg).

(The usual starting dose is 500 mg 12 – hourly with meal increasing gradually to max 1 g 8-hourly.)

Action:

1) inhibition of gastrointestinal glucose absorption;

2) decreasing of glyconeogenesis, lipogenesis;

3) enhancing glucose transport into muscle cells;

4) increasing the quantity of insulin’s receptors;

5) stimulation of anaerobic and partly aerobic glycolis;

6) anorrhexogenic effects.

Indications:

Obese patients with type II DM, with middle severity of the disease without ketosis.

They can be used with the combination of sulfanilureas when sulfonylureas alone have proved inadequate to treat DM.

Contraindications:
1) heart and lung disease with their insufficiency (chronic heart and lung failure);

2) status with hypoxemia;

3) acute and chronic liver and kidney diseases with decreased function;

4) pregnant diabetics, lactation;

5) old age;

6) alcoholism;

7) coma and precoma.

Side effects.

1) allergy;

2) gastrointestinal tract disorders;

3) lactoacidosis.

Alpha-glucosidase inhibitors

Acarbosa (Glucobay 50, 100 mg).

(It is taken with each meal, usually with first bolus f food).

[image: image4.emf]Alpha-glucosidase inhibitors

Name of drug  Dose in  1 tabl.  Daily  dose  Duration of  action   ( hours )   Acarbosa   ( Glucobay ,  Glucor ,  Prandase ,  Precose )  0,05; 0,1  0,15 - 0,6  2,7 - 9,6     Miglitol  0,025;  0,05;   0,1  0,05 - 0,3  2 - 4   Guar Gum   ( Guarem )  5,0 ( gra - nules )  15 - 30   -    


Action:

1) inhibition of gastrointestinal tract absorption (blocation of α-glucozidase);

2) lowering of pastprandial glucose level (postprandial “spikes” in blood glucose are increasingly implicated as a major cause of cardiovascular complications);

3) partly reducing fasting glucose levels by indirectly stimulating insulin secretion in patients who retain β-cell function (and acarbose has a protective effect on β-cells). 
Contraindications:

Chronic gastrointestinal disorders: pancreatitis, colitis, hepatitis.

Side effects: 

flatulence, abdominal bloating, diarrhea.

Non-sulfanylureas insulin stimulator.

Repaglinide (Novonorm 0,5 mg, 1 mg,2 mg).

(Starting dose is 0,5 mg 15 – 20 min before each meal, maximum dose is 4 mg before each meal (16 mg/d)).

Nateglinid (Starlix 0,06; 0,12; 0,18).
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stimulators

Name of drug  Dose in  1 tabl.  Daily  dose  Duration  of action   ( hours )   Repaglinid   ( Novonorm , Roglid )   ( meglitinide analogs)  0,001;  0,002;   0,003;   0,004  0,004 - 0,009  3  -  4   Nateglinid  ( Starlix )   ( D - Phenilalanine - derivative)  0,06;  0,12;  0,18  0,18 - 0,54  1,5  -  3    


Action:

· these drugs stimulates insulin production at meal times;

· very rapidly absorbed from the intestine and metabolized in liver;

· plasma half0life is less than 1 hour/

Indications:

· can be used in elderly with type 2 DM (due to short half-life) and in renal impairment (because it is metabolized in liver).

Side effects: 

hypoglycemia, transient elevation of liver enzymes, rash and visual disturbances.

Thiozolidindiones
Rosiglitazon (Avandia, Rosinorm) Dose in 1 tabl. 0,002;0,004;0,008

Pioglitazon (Actos, Pionorm) Dose in 1 tabl. 0,015; 0,03; 0,045
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thiozolidinediones

Name of drug  Dose  in 1  tabl .  Daily  dose  Duration  of action   ( hours )   Rosiglitazon e   ( Avandia ,  Rosinorm )  0,002;   0,004;   0,008  0,004 - 0,008   Pioglitazon e  ( Actos ,  Pionorm )  0,015;  0,03;  0,045  0,015 - 0,03      Up to 24  hours        


Action of thiozolidindiones
· Agonist to the receptors of the nucleus PPARγ of the fat, muscle tissues and the liver;

· Increasing of the glucose passage to these tissues;

· Increasing of insulin synthesis in the b-cells; 

· Increasing of the insulas amount;

· Increasing of glycogen synthesis in the liver;

· Decreasing of gluconeogenesis;

· Decreasing of triglycerides; 

Indications to thiozolidindiones usage
· DM type 2, when diet and exercises are no effective; 
· Using with sulfanilureas, biguanides, insulin in case of their insufficient efficacy
Contraindications to thiozolidindiones usage
· Diabetic coma, precoma, ketoacidosis; 

· Acute and chronic diseases of the liver; 

· Heart failure;

· Pregnancy, lactation;

· Children, teenagers;

· Allergic reactions to the drug.

Side effects of thiozolidindiones
· Hypoglycemic conditions (rarely);

· Peripheral edema;

· Anemia;

· Obesity.

Combined preparates
· Glibomet consists of Maninil 2,5 mg and Siofor 400 mg
Algorithm of the management of type 2 DM by WHO

1st  step – diet, physical activity and metformin 2 g per day

2nd step – 1st step + add sulfonilureas (glimepiride)

3rd step – 2nd step + add basal insulin

4th step – metformin 2 g per day + intensive insulinotherapy.

Insulin.

Insulin has been available for the treatment of patients with DM since 1921. For many years, the most commonly used preparations consisted of a combination of pancreatic bovine and porcine insulin. Contamination of small amounts (2 to % percent) of other pancreatic hormones, such as glucagon, proinsulin, C peptide, somatostatin, and pancreatic polypeptide, was the rule. Subsequent purification have yielded purer (almost 100 %) preparations of beef insulin, pork insulin, or combination of two, with a biologic activity of 26 to 28 units/mg as compared to 22 to 24 units/mg for the older preparations. The most recent development has been the preparation of biosynthetic human insulin. Two procedures have been utilized. In the first, alanine in the 30 position of the B chain of pork insulin is substituted enzymatically by threonine. The resulting “humanized pork” insulin has the amino acid sequence of human insulin (Actrapid, Monotard made by Novo-Nordisk). The second approach involves synthesis by Escherichia coli (E. Coli) by recombinant DNA technology. The hormone can be produced by single fermentation in which proinsulin is made first and then cleaved into insulin and C peptide, or by separate fermentation in which A and B peptide are synthesized first and then joined into insulin (Humulin, Lilly). Synthetic human insulin does not have great advantages over purified pork insulin, except for slightly faster onset of the action. Hypokalemia, C-peptide suppression, and secretion of epinephrine, cortisol, growth hormone and prolactine may be reduced with human insulin. The synthetic hormone has the potential to be less antigenic than the pork insulin. Causes of potential use for human insulin include resistance to exogenous insulin, beef or pork insulin allergy, lipodystrophy, gestation diabetes. Anticipated short-term administration, and newly diagnosed young diabetic patients.

A multitude of insulin preparations are available, and the major difference in their duration of action (Table 1). Figures on onset, peak and duration of action are applicable to normal non-insulin-treated subjects.

Only short-acting insulins should be given intravenously; all the types can be injected subcutaneously.

Insulin preparations.

	Group
	Preparations
	Onset, h
	Peak of action, h
	Duration of action, h

	Ultra-short- acting (insulin analogues for rapid onset of insulin action)
	Humalog

Hovorapid


	5 - 10 min.
	0,5 – 2,5
	3 – 4
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	Short-acting
	Humodar R Actrapid HM 

Monodar R

Actrapid MC Iletin 
	0,5 – 1,0
	1 - 4
	5 – 8

	Intermediate-acting
	Humodar B

Protaphan HM

Humulin L

NPH

Monotard MC
	1 - 3
	6 – 12
	18 – 26

	Long-acting

	Ultratard HM

Ultralong
	4 - 8
	14 - 20
	20 – 36

	
	Glargine (Lantus)
Levemir
	24 h

	Combined preparations
	Humodar C-15

Mixtard 30 HM

Monodar C-30
	0,5
	Depends on quantity of components


Indications for insulin therapy

1. All patients with type I DM.

2. Some patients with type II DM:

· uncontrolled diabetes by diet or oral hypoglycemic agents;

· ketoacidosis, coma;

· acute and chronic liver and kidneys disease with decreased function;

· pregnancy and lactation;

· II – IV stages of angiopathy;

· infection diseases;

· acute heart and cerebral diseases;

· surgery.
Calculation of daily insulin demands: on actual weight of the patient with DM

· type 1 DM – 0,5 U/kg per day

· type 2 DM – 0,3 U/kg per day

· ketosis – 0,6 – 0,7 U/kg per day

· ketoacidosis 1 degree – 0,8 U/kg per day

· ketoacidosis 2 degree – 0,9 U/kg per day

· ketoacidotic coma – 1 U/kg per day

· duration of DM more than 10-15 years – 0,8-1,2 U/kg per day.

Initiation and modification of insulin therapy to achieve diabetic control.

The daily insulin requirement in patients:

· on the first year of the disease is 0,3 – 0,5 unite of insulin per kilogram of body weight (0,5 – if the patient with ketosis or DKA);

· on the next years is 0,6 – 0,8 – 1,0 unite/ kg of body weight. We can use traditional or multiple component insulin program. The last is better (it is more physiologic). 
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· It using three or four shots of short-acting insulin (1/3 of total daily dose) plus intermediate-acting (2/3 of total daily dose) insulin daily is started as soon as possible in an attempt to “rest” the damaged islet cells and help to “induce” a remission (“honeymoon” phase). Other advantages include the following:

· hypoglycemic reactions may be decreased or prevented because smaller doses of insulin are needed;

· more physiologic match of insulin to meals is achieved.

2/3 of the total daily dose we give before lunch, 1/3 in the evening and then make correction due to the glucose blood level. Insulin doses should be given 30 minutes before meals to allow for adequate absorption of regular insulin.

(Other commonly used insulin treatment algorithms:

1. Single prebreakfast injection of intermediate-acting insulin.

2. Intermediate-acting insulin: prebreakfast injection of 2/3 total daily dose, 1/3 of daily dose before dinner.

3. Combination of intermediate- and short-acting insulin:

· single prebreakfast injection of 2/3 intermediate-acting + 1/3 of short-acting;

· 2/3 – before breakfast, 1/3 – before dinner; 2/3 – intermediate-acting, 1/3 – short-acting.

4. Short-acting insulin ½ hour before each meal and a small dose of intermediate-acting insulin at bedtime.

5. Combination of long-acting (in prebreakfast time) and short-acting insulin (1/2 hour before each meal.)

Some words about “honeymoon” stage. It results from a partial recovery of islet-cell function (as measured by C-peptide). It occurs within 1 – 3 month after diagnosis and can last from weeks to a few month during which time insulin requirements fall drastically to less than 0,3 units/kg/day and in some, to no requirement for insulin at all. Insulin administration, however, is not discontinued during this time because of potential development of insulin allergy, as well as the need to reinforce the concept that IDDM is a lifelong illness without potential for true remission.

Some particularities of insulin therapy:

1) insulin acts faster when is administrated intravenously;

2) subcutaneous and intramuscular absorption of insulin is decreased in the dehydrated or hypotensive patients;

3) it is necessary to change the insulin injection site (because the absorption is more rapid from the new sites);

[image: image9.emf]
4) the most rapid absorption from the abdomen;

5) exercise accelerates insulin absorption (before planned exercise program patient has to decrease insulin dose or take more caloric diet).

Insulin is stable at room temperature, but refrigeration of the vial while not in use is recommended.

Future directions in improving glycemic control:

· nasal insulin preparations;
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· pancreatic transplantation;

· islet replacement therapy;

· genetically engineered pseudo-beta-cells.

Side effects (complications) of insulin therapy.

1. Hypoglycemia.

This complication represents insulin excess and it can occur at any time (frequently at night (common symptom: early-morning headache)).

Precipitating factors:

· irregular ingesting of food;

· extreme activity;

· alcohol ingestion;

· drug interaction;

· liver or renal disease;

· hypopituitarism;

· adrenal insufficiency.

Treatment (preventing coma):

· to eat candy or to drink sweet orange juice (when the symptoms develop);

· to receive intravenous glucose;

· 1 mg of glucagon administrated subcutaneously;

· gradual reduction of insulin dose in future.

The most common and potentially most serious complication of  insulin treatment is hypoglycemia. Hypoglycemia may be produced with any dose or preparation of insulin if the amount of insulin administered is excessive relative to the availability of glucose from endogenous and exogenous (e.g., dietary) sources. The time at which hypoglycemia occurs depends on the circumstances precipitating the attack. Overdoses of intermediate-acting insulin usually produce hypoglycemia in the late afternoon or evening, rapid-acting insulin causes this complication about 3 h after administration, and with long-acting insulin it is a hazard during me early hours of the morning. Exercise may produce its effect within an hour, although delayed postexercise hypoglycemia may be more common than was originally realized- Insulin-induced hypo-glycemia is experienced at some time by virtually all type I diabetic patients.  In some series, severe hypo-glyсemia (necessitating hospitalization or assistance from another person) has been observed in 25 percent of patients over a 1-year period. In addition, hypoglycemia accounts for 3 to 7 percent of deaths in patients with type I diabetes.

The symptoms of hypoglycemia may be divided into two categories: the effect of low blood glucose concentration itself, which results mainly in symptoms in the central nervous system (confusion, bizarre behavior, depression, neurologic manifesta tions, convulsions, and coma), and the effects of me response of the body to hypoglycemia, which include secretion of epinephrine with resulting vasoconstriction, tachycardia, piloerection. perspiration, and subjective tension or a feeling of impending disaster. A rapid fall of blood glucose concentration is more likely to call forth the typical sympathetic discharge. When hypoglycemia occurs during sleep, me only symptoms may be nightmares, sweating, and a headache on awakening in the morning. Symptomatic nocturnal hypoglycemia (plasma glucose concentration <36 mg/dl or <2.0 mM) may occur in as many as 30 to 40 percent of insulin-treated diabetic patients.

Patients with specific areas of reduced cerebral blood flow (a common problem since diabetic patients often have atherosclerosis) may experience localized neurologic defects during hypoglycemia, such as hemiplegias, visual disturbances, and temporal or frontal lobe syndromes. These aberrations usually are transient but may persist if me blood glucose concentration remains depressed long enough to cause irreversible damage to certain brain cells. Hypothermia is common during hypoglycemia and may be helpful as a diagnostic sign in a comatose patient. In viеw of the ability of the heart to subsist on substrates other than glucose, it is not surprising that hypoglycemia may be well tolerated in patients with arteriosclerotic heart disease, although the reactive secretion of epinephrine may precipate arrhythmias, pulmonary edema, angina, or myocardial infarction.

Symptoms subjectively indistinguishable from those caused by absolute hypoglycemia may sometimes occur when the plasma glucose level is not markedly below the normal range (e.g., 60 to 120 mg/dl or 3.3 to 6.7 mM). Presumably, these symptoms result from a rapid rate of fall of blood glucose concentration from high levels. Whereas normal subjects must become  frankly hypoglycemic (<50 mg/dl  or <2.7 mM) to elicit an adrenergic discharge, in chronically hyperglycemic diabetic patients plasma catecholamine concentrations rise when plasma glucose concentration rapidly declines to values of 100 mg/dl. It is important to document a fall in plasma glucose concentration if the symptoms are equivocal, since an inappropriate reduction in insulin dose or an increase in dietary carbohydrate may make overall control more difficult.

Although a single attack of hypoglycemia is uncomfortable or even hazardous, the major risk is from repeated attacks, which can cause serious, though subtle, cerebral deterioration with reduction of intelligence and a tendency to cerebral dysrhythmias. Unfortunately, data are not available regarding the prevalence of brain damage due to hypoglycemia in insulin-treated diabetic patients. In animals, hypoglyecemia results in brain damage only when it is of sufficient severity to cause an arrest of brain wave activity.

The occurrence of hypoglycemia in insulin-treated diabetic patients depends in part on the adequacy of counterregulatory hormone secretion and the Intensity of the treatment program. A deficiency ofghicagon secretion in response to hypoglycenua is frequently observed In type I diabetes but does not of itself increase vulnerability to Insulin-induced hypo-glycemia. However, diabetic patients in whom epinephrine deficiency is combined with glucagon deficiency are severely predisposed to insulin-induced hypoglycemia. Such combined deficiencies are often, but not always, accompanied by clinical evidence of autonomic neuropathy. Other factors which predispose to the development of insulin-induced hypoglycemia Include a marked increase in physical activity (i.e., exercise), faulty injection technique, a decrease in food intake (skipped meals, low-calorie diet, or fasting), and a decrease in insulin turnover (e.g., renal failure). A questionnaire survey indicated that exercise was the most common daytime cause of hypoglycemia in children.

Patients who are prone to exercise-induced hypoglycemia may be instructed to consume extra carbohydrate before exercise, to use a nonexercised injection site such as the abdomen (see Exercise, below), or to reduce the insulin dose before exercise. Faulty injection technique (e.g., failure to agitate the insulin vial properly before use), errors in the preparation of insulin mixtures, accidental injection into muscle, or injection into sites where insulin absorption is irregular (e.g., lipodystrophy) may be uncovered when the history is taken and can be eliminated by instruction by a trained nurse. Insulin infusion techniques for evaluating the adequacy of sympathoadrenal counterregulatory mechanisms have been described,   but their practical usefulness has not been established- The sudden onset of frequent hypoglycemic episodes may also result from (1) failure to reduce insulin dosage after resolution of stress or illness, (2) onset of diseases associated with increased insulin sensitivity (e.g., adrenal or pituitary insufficiency), and (3) onset of pregnancy.

The іmmediate treatment of hypoglycemla consists of the administration of carbohydrate, preferably as a sweetened drink or food or commercially prepared, premeasured glucose tablets; In an emergency, IV injection of 50 ml or more of a 50% glucose solution can be used. For occasions when glucose is unavailable or IV Injection (e.g., by the patient's spouse) is not feasible, 1 mg of glucagon injected intramuscularty is effective; the small volume in which it is dissolved makes it convenient for inclusion in a physician bag. If a single dose ofghicagon is not effective within 15 min, it is unlikely that a second dose will help. Therefore, if glucagon fails, treatment with I/V glucose is mandatory. Patients may experience nausea, vomiting, a transient increase in blood pressure, and rebound hyperglycemia in response to glucagon administration. Once the patient is aroused, food should be taken to avoid potential waning of glucagon's effect, given its short half-life.

Insulin-treated diabetic patients should be instructed to have at all times immediate access to (or carry) a source of carbohydrate (e.g., glucose tablets, hard candies) and to cany identification noting their diabetic status- They should become familiar with symptoms resulting from the gradual onset of hypoglycemia (loss of ability to concentrate, aberrant behavior, or other mental dysfunction) and the signs of hypoglycemia while asleep (nightmares, morning headache, or bedsheets drenched with sweat), in addition to the more commonly appreciated autonomic symptoms resulting from acute hypoglycemia (sweating, shakiness, and palpitations). The patient's spouse or parent should also be instructed about the symptoms of hypoglycemia and me use of glucagon in the event of hypoglycemic coma.

Somogyi effect (Somogyi phenomenon, rebound effect).

It is caused by overinsulinization: hyperglycemia proceeded by insulin – induced hypoglycemia. Hypoglycemia causes an increase in the secretion of the counterregulatory hormones (glucagon, epinephrine, cortisol, growth hormone), which inhibit insulin secretion and increase glucose output by the liver (as a result of the stimulation of glucogenolysis and glucogenesis). Hyperglycemia and ketonuria may paradoxically occur after excessive insulin administration. Rebound or reactive hyperglyce-mia, otherwise known as the Samogyi phenomenon, results from the release of catecholamines, cortisol, and GH in response to acute hypoglycemia; this phenomenon may be responsible for worsening of diabetes. Of the various counterregulatory hormones contributing to reactive hyperghrcemia, epinephrme appears to be the most important. The rebound hyperglycemia may be further aggravated by excessive food intake in response to the symptoms of hypoglycemia. Patients exhibiting the Somogyi phenomenon are usually type I diabetic patients whose diabetes is difficult to control with single doses of insulin. If the Somogyi phenomenon is suspected, the patient's insulin dose should be reduced under careful supervision and/or additional carbohydrate should be added in the form of a late-evening snack.  Improvement in control despite a reduction in insulin dose provides strong presumptive evidence of the Somogyi phenomenon. In general, fasting hyperglycemia is likely to be a consequence of dissipation of insulin action (reflecting a need for a larger evening dose of intermediate-acting insulin) rather than a result of reactive hyperglycerola (reflecting a need for less evening insulin).
Treatment: gradual reduction of insulin dose.

Dawn phenomenon.

Many patients with type I DM demonstrate an early morning (4 – 8 a.m.) rise in glucose levels, because of activation of counterregulatory hormones. It may be confused with the Somogyi phenomenon. Sampling of glucose levels throughout the night might help differentiate the two conditions. An  early-morning increase in blood glucose concentration may, of course, be observed in insulin-treated type I diabetic patients in the absence of antecedent hypoglyeemia, Dissipation of toe action of previously injected insulin is by far the most common cause of such early-morning hy perglycemia. By contrast, to occasional patients there is an eariy-morning rise in blood glucose concentration despite ongoing CSII; this occurrence has been termed the dawn phenomenon. In this circumstance the waning of previously injected insulin cannot be invoked as an explanation. A nocturnal increase in GH secretion appears to be the meehaninn responsible for the dawn phenomenon  raising die possibility that late-evening administration of a long-acting somatostatin analogue, octreotide, which prevents nocturnal increases in OH secretion may improve blood glucose regulation in some diabetic patients. The importance of the dawn phenom enon in children and adolescents has been questioned, however. A clinical role for octreotide in diabetes management has not been established.
Treatment: some have recommended an earlier injection in the morning (5 – 6 a.m.), and most suggest a late evening (before bedtime) injection of intermediate-acting insulin.

2. Allergic reactions.

These include burning and itching at the site of insulin injection; skin rash; vasculaties; purpura and anaphylactic reaction. Allergic reactions to insulin may be localized or systemic. Localized allergic reactions are manifested as induration, pruritus, erythema, or pain at the injection site. The symptoms appear 30 min to 4 h or more after the injection. The usual onset A within the first week or month of me Initiation of Insulin treatment. The Immediate type of local allergy (within 30 to 120 mm) is IgG-mediated. In most patients the reactions disappear spontaneously after several weeks. Improvement may occur by f witching to monospeeies insulin (e.g., pure porcine), to human insulin, or to the local use of small doses of glucocor-ticoids.

Systemic allergy may be manifested as generalized pruritus and urticaria, angloedema, or acute anaphylaxis; such anaphylaxis, fortunately, is extremely rare. Sixty percent of patients with systemic allergy have a history of discontinuation of treatment with insulin and recent reinstitrution of insulin therapy. The systemic allergic reaction is thought to be mediated by IgE antibody. Treatment consists of desensitization with human or porcine insulin at an initial dose of  0,001 U.

The clinical advantages of human insulin compared to purified porcine insulin remain uncertain, particularly with regard to circulating level of insulin antibodies. Alterations in the T lymphocyte subsets independent of changes in antibody levels may proffer an advantage. Furthermore, transferring patients allergic to pork or bovine insulin to human insulin may be beneficial.
Treatment:

· antihistamines;

· changing of standard insulin to pure pork insulin or to human insulin;

· in extreme cases – glucocorticoids.

3. Insulin resistance.

Clinical status characterized by insulin resistance:

· obesity;

· therapy with oral contraceptives;

· glucocorticoid therapy;

· acromegaly;

· Cushing’s syndrome;

· acanthosis nigricans;

· chronic liver or renal disease.

Non-true insulin resistance may be caused by long-time injections of insulin into the one site. The normal 24-h insulin output from the islets ofLangerhans has been estimated at 20 to 40 U per day. Consequently, patients requiring a greater amount of insulin have some degree of in-sensitivity to insulin. The most common cause of resistance to insulin is obesity, intercurrent stress and illness way also Increase insulin requirementi through a variety of mechanisms. From a practical standpoint, clinical insulin resistance has been defined as the requirement for 200 U or more of insulin per day for several days to tfae absence ofeetoacido-sis, intercuirent infection, or associated endocrine disease (acromegaly, Cushing's syndrome). In a nonobese patient, various mechanisms may be responsible for clinical insulin  resistance: circulating   antibodies   to  insulin, abnormalities of insulin receptors, increased local destruction of insulin, or secretion of abnormal insulin.

Immunogenic insulin insensitivity results from a higher titer of circulating IgG antibodies directed at bovine insulin and, to a lesser extent, porcine or human insulin. While all patients develop antibodies to insulin, in only a small proportion of patients is the titer sufficiently high to necessitate daily doses of >200 U of insulin. Most of these patients are adults who have been treated with iInsulin for long periods (>15 years); however, insensitivity may sometimes arise after several weeks. Insulin allergy usually does not accompany insulin insensitivity. Treatment consists initially of switching to pure porcine insulin or, preferably, human insulin. If human insulin fails, systemic steroids (60 to 80 mg of prednisone per day for 10 days) generally result in a marked reduction in insulin requirements.

A rare form of insulin resistance in which tilers of circulating insulin antibodies are not increased is that encountered hi young women who also have acanthosis nigricans. As was discussed earlier (see Acanthosis Nigricans, above), this syndrome has been subdivided into two types, in both of which there appear to be abnormalities in insulin receptors. In type A, there is a decrease In the number of insulin receptors and the patients show virilizatton and accelerated growth. In type B, circulating antibodies to the insulin receptor are demonstrable and evidence of an autoinunune disorder is present.

A limited number of patients have been observed who respond poorly subcutaneous insulin but are quite sensitive to IV insulin.  Localized destruction of iInsulin has been postulated to account for this unusual disturbance- The use of aprotinin, a nonspecific protease inhibitor, or udocaine has not been uniformly successful in the treatment of this syndrome. Furthermore, when studied carefully, socalled peripheral insulin resistance has been found in the majority of patients with this syndrome to be of factitious origin (e.g., failure to administer insulin). Close attention should be given to this possibility. However, since true resistance to peripherally but not intravenously administrewd insulin has been documented, either I/V or intraperitoneal insulin administration can be attempted.

Insulin resistance is also encountered in a rare form of diabetes, lipoatrophic  diabetes (see below).

4. Lipodystrophy.

 
It is atrophy or hypertrophy of the adipose tissue, which occur at the site of insulin injection. Insulin lipodystrophy is a distressing, although benign, complication of insulin treatment which may take the form of hypertrophy or atrophy of subcutaneous tissues. The fibrous masses that develop are hypoesthetic; the problem is therefore often perpetuated (particularly in young diabetic patients), since these sites are favored for injection. Unfortunately, the absorption of insulin from these sites is often erratic and incomplete, thus leading to a deterioration in the control of diabetes. The development of Insulin preparations which are > 98 percent pure has, markedly reduced me incidence of this complication. The use of human insulin may also be advantageous in this circumstance. Lipoatrophic areas should be injected gradually from the periphery toward the center of the "crater" until they are completely filled in.

Insulin Allergy. Insulin allergy has been less of a problem since purified animal and human insulins have been introduced. It is thought that intermittent administration of insulin, particularly with bovine-porcine or bovine insulins, might serve as a potent immune genie stimulus if the same insulin were administered again at a later time. Although human insulin of recombinant. DVA origin is somewhat less immunogenic than porcine or bovine insulin, low-titer antibody formation may still occur, resulting in insulin allergy in rare patients.
Treatment:

· changing the site of injection;

· the usage of human insulin.

. 

Insulin-induced Edema.

  Edema is a rare complication observed in patients with poorly regulated diabetes in whom glycemic control is restored by insulin. While sodium and fluid retention may in part be related to correction of volume reduction induced by gtucosuria, insulin may have a direct effect in reducing urinary sodium excretion. Infusions of insulin in the upper physiologic range (without changes in blood glucose concentration) markedly reduce urinary sodium excretion in the absence of changes in the Eitered load of glucose, OFR, renal blood flow, or aldosterone concentration. Insulin-induced edema thus may be analogous to the refeeding edema observed in concentration camp survivors after they were placed on a normal caloric intake.

Exercise program.
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Exercise is an excellent adjunct to diet therapy, but it is very ineffective when used as the sole weight-reducing modality.

Exercises must be clearly planned and depend on patient’s abilities and the physical condition, exclusion of the competition’s elements.

Exercises may be valuable adjunct to the management of the DM by:

· lowering blood glucose concentration;

· decreasing insulin requirements;

· potentiation the beneficial effects of diet and other therapy.

To prevent hypoglycemia, patients should carefully monitor glucose level and taking of insulin. Mostly they need to reduce the insulin dosage by 20 – 25 % on the day that strenuous exercises is planned.

Plant’s therapy (phytotherapy).

1) hypoglycemic action;

2) treatment of chronic diabetics complications;

3) influence on the immune reactivity.

Patient’s education.

1) the nature of DM and importance of metabolic control;

2) the principles and importance of good nutrition and reasonable exercise program;

3) the principles of adequate foot, dental and skin care;

4) treatment of DM during the periods of illness;

5) techniques of insulin administration and measurement of urine and blood glucose level (if taking insulin);

6) recognition of hypoglycemia, its causes and methods of prevention;

7) the importance of general and specific measures to minimize in the best possible way diabetic complications and maintain of good overall health.
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