Anti-diabetic drugs:

· Islets of langerhans in the pancreas secrete insulin mainly, glucagons, and somatostatin. 

· The diabetes mellitus is now classified into : 

1- Type I insulin-dependent diabetes mellitus. 

2- Type II non-insulin-dependent diabetes mellitus.

3- Type III other or MODY ( maturity onset diabetes of the young).

4- Type IV or gestational diabetes mellitus. 

· Effects of insulin: 
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· Insulin deficiency-diabetes mellitus : 
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Insulin: 

* it is a small protein, consist of 2 peptide chain, connected together by   

   disulphide bond. 
* its precursor is pro-insulin that undergoes proteolytic cleavage to insulin and            

   c-peptide.

* insulin is secreted in response to glucose, certain amino acids and vagal activity.

* insulin degradation: 
    - through the liver 60% and the kidney 40% for endogenous insulin and vice versa  

      for exogenous insulin.

   - it is measured by radioimmunoassay and better to measure c-peptide chain.

   - category B: non-teratogenic .

* insulin receptor : 

       Insulin on receptor             activation of insulin receptor substrate             

       phosphorylation of network which represents the 2nd messenger                   

       translocation of glucose transporters ( especially glut 4 ) to the cell membrane                   

                       glucose uptake.
* Available insulin preparation: 

     - Human insulin has replaced isolated form beef or pork pancreas.
     - Human insulin is produced by recombinant DNA technology using E.coli.

  1-) Rapid acting insulin ( ultra-short acting ) :
            - they are insulin lispro, insulin aspart and glulisine .

            - their action mimic the physiological action of insulin.

            - they are administered 15 min before meals except glulisine that could be  

              taken before and after meals by 15 min. 

            - their duration of action is rarely more than 3-5 hrs. 

            - insulin lispro differs from regular insulin in that lysine and praline at  

              position, 28 and 29 β chain are reserved             more rapid absorption after    

              subcutaneous administration and doesn't form hexamers when it is used in  

              the insulin pump.
           - onset of action is 5-15 min and its peak reaches as early as 1 hr . 

           - it is associated with significantly improved glycemic control.

           - insulin aspart is formed by substitution of  β 28 proline          aspartate  

             leading to decrease self aggregation, it is similar to insulin lispro and could be 
             used in subcutaneous insulin infusion pumps. 

2-) short acting insulin: 

          - regular insulin is a short acting soluble crystalline zinc insulin formed by   

             recombinant DNA. It is identical to human insulin. 

          - onset of action within 30 min, peak 2-3 hrs, duration of action last from 5-8 hrs   

            after subcutaneous administration. 

          - it is injected in the form of hexamers. 

          - it is the only form which should administered intravenously as the dilution   

           causes dissociation of hexamers to monomers. 
3-) intermediate acting insulin preparations: 

          i) lente insulin : 30% of semilente ( an amorphous preparation of insulin with   

             zinc ions in acetate buffer that has a relatively rapid onset of action) + 70 %   

             ultralente insulin ( poorly soluble crystal of zinc insulin with prolonged   

             duration of action).

        ii) Isophane NPH insulin suspension = neutral protamine hagedron NPH insulin    

               (turbid suspension). 

              - it is composed of insulin and protamine. 

              - it is given subcutaneously only. 

              - it is used with regular insulin. 

              - lispro insulin + protamine insulin (isophane)         neutral protamine lispro  

                (NPL).

              - insulin aspart + isophane           neutral protamine aspart ( NPA). 
             N.B. the intermediate acting insulin are not given during emergency. 

4-) prolonged acting insulin preparations: 

        i) ultralente insulin: 

                       - it is extended zinc insulin or zinc insulin crystals in acetate buffer. 

                       - it has slow onset of action and prolong duration of action, we split the  

                         daily dose to prevent the peak effect. 

      ii) insulin glargine: 

                      - it is soluble in solution but preparation in the neutral body PH after  

                        subcutaneous administration.

                      - it has a slow onset of action ( 1-1.5 hrs ) and achieve maximal effect  

                         after 4-5 hrs which is maintained for 11-24 hrs.

                      - it is peakless drug . 

                      - it is not mixed with other insulin. it is used with separate syringe.
                      - the safest, as it reduce the risk of hypoglycemia ( nocturnal ). 

5-) Mixture of insulins:
                     - regular insulin ( 30% or 50 % ) + NPH ( 70 % or 50 % ) . 

                     - 75 %  NPL insulin + 25 % insulin lispro or 50 % + 50% . 

                     - 70 % of NPA insulin + 30 % insulin aspart. 

* species of insulin: 

           1- beef and pork insulin: are different from human insulin by 3 amino acids. 

           2- human insulin: it is produced by recombinant DNA of E.coli. 

* insulin delivery system: 

          1- portable pen injector: multiple S.C. injections for insulin. 

          2- continuous subcutaneous insulin infusion device ( infusion pump):                  

              for mainly regular insulin, insulin aspart and insulin lispro. 

          3- inhaled insulin: treatment with insulin mainly to type I insulin diabetes  

               mellitus and also the other types are involved. 

* glycemic control in diabetes mellitus: 

              - tight glycemic control in type I diabetes mellitus and the other types is  

                usually after puberty to decrease hypoglycemic effect. It is proved the tight  

                glycemic control reduce the percentage of complications as retinopathy,  

                nephropathy and neuropathy.

* complications of insulin therapy: 

           1- hypoglycemia 

           2- insulin allergy: hypersensitivity as utricaria. It is decreased by using human  

                insulin. 
           3- immune insulin resistance, circulating IgG anti-insulin antibodies. 

           4- lipodystrophy at injection site: 

                      - atrophy of S.C. fatty tissue. It is less with human neutral PH insulin.

                      - hypertrophy of S.C. fatty tissue remains a problem. 

          5- weight gain.                                              6- hypokalemia.
Oral anti-diabetic agents:

     ** oral hypoglycemic agents : 

A. insulin secretagogues.

B. Insulin sensitizers.

           -------------------------------------------------------------------------------------------

A. insulin secretagogues: 
                   - they are useful for type II diabetes mellitus after adjusting the diet which  

                      is not sufficient. 

                   - they are of 2 types: 

                                           1- sulfonylureas.

                                           2- meglitinide.

     1-) sulfonylureas: 

                  ** mechanism of action: 

                           1- insulin release from pancreatic β cells: sulfonylurea binds to its   

                                receptor          inhibit the K influx         depolarization          open     

                                voltage-gated calcium channels         Ca influx         release of  

                                insulin.

                          2- reduction of serum glucagon concentrations after chronic  

                              administration to type II diabetes mellitus. 

                          3- increasing binding of insulin to target tissues and receptors. 

                 * secondary failure and tachyphylaxis to sulfonylureas : 

                        - A progressive decrease in β cell mass.

                        -    lean body mass.

                        -     in ectopic fat deposition. 

                * Adverse effect: 

                        1- weight gain.                                             

                        2- hyperinsulinemia. 

                        3- hypoglycemia.

                        4- GIT disturbances.

                        5-  Blood dyscrasias  (not common; less than 1% of patients)




- Agranulocytosis




- Haemolytic anaemia




- Thrombocytopenia

                       6- Cholestatic obstructive jaundice (uncommon).
                       7- Dermatitis.
                       8- Muscle weakness, headache, vertigo (not common).
                       9- Increased cardio-vascular mortality with long-term use ??

                      10- Dilutional hyponatraemia & water intoxication (Chlorpropamide).

                      11- Disulfiram-like reaction with alcohol (Chlorpropamide).

                * contra-indications: 

                        1- hepatic and renal insufficiency because of fearness of hypoglycemia. 

                        2- IDDM. 

                        3- major stress. 

                        4- pregnancy and lactation because they traverse the palcenta and  

                            secreted in milk.

     2-) Meglitinide analogues: 

                 - this class includes repaglinide and nateglinide ( D.phenylalanine derivatives).

                 - mechanism of action : 

                             they bind to distinct site on sulfonylurea receptor of ATP sensitive K  

                            channels           insulin release. 

                 - they have rapid onset and short duration of action           postprandial  

                          glucose regulators.

                 - combination therapy with insulin sensitizers is better than monotherapy.

                 * pharmacokinetics and fate: 

                       - well absorbed orally, taken before meals by 30 min.

                       - metabolized in the liver by CYP3A4 and excreted through the bile.

                * Adverse effects: 

                       - hypoglycemia and weight gain less than sulfonylurea.

                * contr-indications: 

                      - hepatic and renal impairment. 

                * drug-drug interaction with cyt. P450 inhibitors and inducers. 

        N.B.   - taken before meals. 

                   - doesn’t offer any advantages over sulfonylurea except in allergic patients.

B. insulin sensitizers: 

                      - include :   

                                        1- biguanide.                 2- thiazolidinediones. 

1-) biguanides: 

               - metformin is the only drug in this category.

             ** mechanism of action: 

                           - They are called (euglycemic agents )as:

                                   1- direct stimulation of glycolysis in tissues with increased glucose  

                                        removal from blood . 

2- hepatic and renal gluconeogenesis. 

3- slowing of glucose absorption from GIT with       glucose   

    to lactate conversion by enterocytes.

4- reduction of plasma gulcagon levels ( sulfonylureas).

            ** metabolism and excretion: 

· absorbed orally .

· T1/2 = 1.5-3 hrs. not bound to plasma proteins, is not metabolized, and excreted by the kidney. 

· The drug may impair the hepatic metabolism of lactic acid due to the blockage of gluconeogenesis. 

· In renal insufficiency biguanide accumulates      the risk of lactic acidosis. 

            ** clinical uses: 

1- insulin resistance syndrome, as metformin doesn’t cause hypoglycemia or weight gain.

2- It decreases the risk of macrovascular and microvascular diseases. 

3- It is used in combination with insulin secretagogues or thiazolidinediones in type II diabetes mellitus in whom oral monotherapy is inadequate. 

4- It is efficacious in preventing the new onset of type II diabetes mellitus, in middle aged, obese individuals.

5- It has the ability to decrease Hyperlipidemia:                          ( LDL, VLDL fall and HDL rises ) 

       **  Toxicity: 

1- GIT disturbances: anorexia, nausea, vomiting, diarrhea and metallic taste in the mouth.

2- In chronic use, vit B12 appears to be reduced.

      ** contra-indications: 

                     - biguanides are contra-indicated in:

1- diabetic patients with renal disease, alcoholism, hepatic disease.

2- Conditions predisposing to tissue anoxia ( chronic cardiopulmonary dysfunction ) 

3- Pregnancy because of increased risk of lactic acidosis induced by biguanides.    

 








Good luck…
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