Lecture 4

Dose-response curves:
1. Graded dose-response curve.
2. Quantal (all or non) curve.
1. Graded dose-response curve :

· Response is continuous and gradual.
· Curve is usually sigmoid in shape (log dose or conc.). 
· Used to calculate: ED 50, potency, and efficacy.
   Median effective dose:
· Is a dose of the drug that gives a response equal to 50% of the maximal response.
· Is a measure of the potency.
   Potency:
· Is inversely proportional to ED 50.
· Is a measure (in weight) of the amount of the drug required to produce an action of a given magnitude (50% of the maximal response = ED 50).
· The smaller is the ED 50, the more potent is the drug.
   Efficacy:
· Depends on the number of drug-receptors formed.
· Efficacy is more important than potency.
2. Quantal (all or non) curves :

· Shows the effect of the magnitude of the dose on the proportion of patients responding (quantal responses).
· Used to determine doses to which most population responds.
    Median effective dose (ED 50) :

 Is a dose of the drug that gives response in 50% of patients.
    Median lethal dose (LD 50 or TD 50) :

 Is the dose of a drug required to produce toxicity in 50% of patients.
Therapeutic index (TI) :

· Therapeutic index =    LD50  

                                       ED50
· It is a measure of safety.
· Large value >>>> a wide margin of safety .e.g. penicillin.
· Small value >>>> a narrow margin of safety .e.g. warfarin.
· If (TI) is equal to or less than one >>> the drug is not a therapeutic drug (TOXIC).

Antagonists:
   Types: according the mechanism of action:
1. Chemical antagonists.
2. Physiological antagonists.
3. Pharmacological antagonists.
Antagonism: The process itself... which is:
Decrease in the response of one drug by the administration of another.
A. Chemical antagonism :

· Simple chemical reaction.
· No receptor.
· e.g. antacids and tetracyclines.
            Heparin and protamine sulphate.
            Iron and deferoxamine .

B. physiological antagonism :

· Physiological effect is antagonized.
· Drugs acting on different receptors.
· e.g.  Noradrenalin >>> vasoconstriction >>>    BP.
             Histamine (vasodilator) >>> relax vascular smooth muscles >>>    BP.
· Noradrenalin is used in anaphylactic shock to raise BP.
C. pharmacological antagonism :

· Two drugs compete for the same receptor.
· The antagonist partially or completely prevent the pharmacological agonist effect.
Pharmacological antagonist:
1. Competitive.
· Reversible.
2. Non – Competitive.
· Irreversible.

Competitive antagonist:
· The antagonist dissociates rapidly from the receptor.
· The antagonist effect can be overcome by increasing the agonist concentration.
· Dose-response curve is shifted to the right.
· Dose-response curve is parallel.
· Emax is maintained.
· e.g: acetylcholine and atropine.

Irreversible non-competitive antagonist:
· The antagonist dissociates very slowly or not all from the receptor.


· E max is NOT maintained.
· Action of antagonist can NOT be overcome by ↑ the agonist concentration.

· The dose-response curve is shifted to the right.

· The 2 curves are NOT parallel.

· Emax is NOT maintained.(reduced in the presence of antagonist).
· e.g: Phenoxybenzamine.
Prodrug:
Is a drug that is pharmacologically inactive but is chemically changed into active form in the body by action of enzyme

Dose:
 Amount of drug to cause an effect.
Therapeutic dose:
 The dose required to produce a therapeutic effect
Toxic dose: 
The dose that produces a toxic effect

Factors Modifying drug action:

1. Physiological factors
2. Pathological factors.

3. Genetic factors.

4. Environmental factors.

5. Interaction with other drugs.
Physiological Factors: Age, sex, pregnancy, body weight, lactation and food.
· Age: 
1. New born :DECREASED:
·  ↓Gastric acid secretion

· ↓Liver microsomal enzyme activity (glucoronyl transferase)

· ↓Plasma Protein Binding (PPB)

· ↓GFR & tubular secretion

· ↓Immatuarity of BBB in neonates

· GIT absorption of ampicillin & amoxicillin is greater in neonates: due to decreased gastric acidity

· Chlorophenicol>>>Gray Baby Syndrom: inadequate glucouronidation of chloramphenoicol with drug accumulation.
· Sulfonamides>>>Hyperbilrubinemia & kernicterus (irreversible damage of brain because bilirubin has crossed the BBB)
2. Children

· Tetraacyclines.

· Corticosteroids: growth and development retardation. (Given as inhalation to reduce the side effects).

· Antihistaminics: hyperactivity.

3. Old age:

· Decreased liver function: Diazepam, theophyline (the dose must be reduced).

· Decreased kidney function: digoxin, lithium.

· Decreased plasma protein binding.

· Increased sensitivity to CNS depressants: diazepam, morphine.
· Sex:
· Testosterone increases the rate of biotransformation of drugs.

· Decreased metabolism of some drugs in the female (diazepam).

· Pregnancy:
· Increased cardiac output.

· Increased GRF and renal elimination of drugs.

· Increased volume of distribution.

· Increased metabolic rate of some drugs.

· Lipophilic drugs cross placental barrier and are slowly excreted.

Pathological factors: Diseases cause individual variation in drug response.

1. Liver disease:

· Prolong duration of action>>increased t ½.
· Decreased plasma protein binding for warfarin, tolbutamide>>adverse effects.

· Decreased hepatic blood flow>>↓clearance of morphine, propanolol .

· Impaired liver microsomal enzymes >>↓ed activity of diazepam,theophyline,rifampicin .
2. Renal disease:

· Decreased GFR.

· Decreased tubular secretion.

· Decreased plasma albumin (proteinuria).

· E.g.digoxin, lithium, gentamycin, penicillin.

3. Malnutrition:

· Decreased plasma protein binding of drugs.

· Decreased amount of microsomal enzymes.

· Increased in portion of free unbound drug.
· E.g :Wafarin.

Genetic factors:

Pharmacogenetics: 
     Is the study of the relationship between genetic factors and drug response.

Genetic polymorphism:
     The existence in a population of 2 or more phenotype with respect to the effect of a drug.

Idiosyncrasy:

     Abnormal drug response due to genetic disorder.

e.g.:   -Succinylcholine apnea.
           -Hemolytic anemia.

           -malignant hyperthermia.
           -acetylation.
           -oxidation.

Pseudocholinestrase deficiency:

· Succinyl choline (skeletal muscle relaxant)>succinylcholine apnea due to lack of its metabolism >paralysis of respiratory muscles.

Malignant hyperthermia:

· Succinylcholine >due to inherited inability to chelate(bind) of calcium by sacroplasmic reticulium .
· Increased calcium release, muscle spasm , ↑temperature ,acidosis.
Glucose -6 phosphate dehydrogenase(G-6PD) deficiency:

· G-6PD deficiency in RBCs>hemolytic anemia upon exposure to some oxidizing agents (Vit C&E, βCarotene..)

· Antimalarial drug primaquine(has an oxidizing capacity >hemolytic anemia).

· Long acting sulfonamides.

· Fava beans (favism).

Acetylation enzymes abnormality:

· Acetyltransferase (non microsomal).

· Isoniazid, sulfonamides, etc.
· Slow acetylator phenotype: peripheral neuropathy (accumulation of drug).

· Rapid acetylator phenotype: hepatitis (caused by the by-products.)

Environmental Factors:

Microsomal enzyme inducers:
   Tobacco smoke (smokers metabolize drugs more rapidly than non smokers)
Adverse side effects:

   Undesirable or harmful effect which can occur at therapeutic doses and need a reduction of dose or drug withdrawal.

· Nausea and vomiting.

· Defness with gentamycin.

· Death with penicillin.

· Types:A,B,C,E

Type A adverse reaction:

· Common.
· 75% of all adverse reaction.
· Related to pharmacological actions.
· Dose-dependent.
· Predictable.
· Can be avoided by adjusting the dosage regimen.
· Most of them are reversible upon stopping drug.
· Hypotension (antihypertensive).
· Hypoglycemia (insulin).
Type B adverse reaction:

· Are bizarre reactions.
· Not related to the normal pharmacological actions of the drug.

· Unpredictable.
· Not dose-related.

· Occur only in minority of patients.

· Types: 1)Allergic Reactions(hypersensitivity)

            2) Genetic disorders (Idiosyncrasy) 

   Hypersensitivity (allergic reactions):

· Abnormal response to the drug due to antigen-antibody reactions e.g.: penicillin.
· Allergic response to a drug.
· Rashes,hypotension,bronchospasm(anaphylactic reaction)
Type C adverse reaction (Continuous):

· Due to long term use of the drug.
· E.g.: NSAID analgesic neuropathy.
Type D adverse reaction (delayed):
· Teratogenesis: Is congenital malformation occurring in the fetus due to exposure to drugs during pregnancy .Eg: thalidomide            phocomelia (baby with no arms).
· Carcinogenesis: Ability of some substances to induce cancer .Eg: stilbesterol           vaginal adenocarcinoma of female off spring.
Type E adverse reaction (ending of the drug):
· Sudden discontinuation of certain drugs (abrupt withdrawal).

· Rebound adrenal insufficiency , eg: corticosteroids (inhibit the secretion of internal corticosteroids while doing their action)
Variation in drug response:
· Drug resistance.
· Intolerance.
· Tolerance.
· Tachyphylaxis.
· Idiosyncrasy. 
Drug resistance:
     Loss of effectiveness of antimicrobial or antitumor drugs.
Tolerance:
· A gradual decrease in response to repeated administration of a drug.
· Slow in onset (take days or week to develop).
· Original effect can be produce by increasing the drug dose.
· eg: alcohol, morphine, barbiturates .

Tachyphylaxis:
· Decrease in response to the rapidly repeated administration of a drug.
· Rapid in onset.
· Original effect cannot be reproduced even by increasing the dose of the drug.
· Eg: B-agonist, ephedrine, amphetamine (adrenergic drugs).
Receptor desensitization:
    Change in the responsiveness of the receptor upon repeated or continuous administration of the drug.
Causes of receptor desensitization:

1. Excessive stimulation of the receptor .(repeated)
2. Genetic cause.
3. Down regulation of the receptor.
4. Enzyme induction.
↓ED50>↑Potency 


That means that the drug has reached the ED50 with a smaller dose.





Tetracycline combines with calcium in the teeth and bones, so it cannot be given to children under the age of 8.





Placenta has metabolic enzymes
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