GENERAL PHARMACOLOGY

Definitions: 

· Pharma: drug 

· logy: science. 

            The science deals with the drug’s name, pharmacokinetics, pharmacodynamics, side effects, uses. 

Drug:
   is a chemical structure that alter body functions by interaction at the molecular level and can be used for diagnosis, prevention or treatment of diseases.
* Pharmacology is of 2 parts: 

· Pharmacokinetics: what the body does to a drug. 

· Pharmacodynamics: what the drug does to the body.
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- Pharmacokinetics: 

       Is studies of the absorption, distribution, metabolism and excretion of drugs.
- Pharmacodynamics: 

       Is the study of mechanism of action of a drug and pharmacological effects (structure activity relationship). 

Drug Nomenclature: 

· full chemical name. 

· propriety (trade)  name.

· non-propriety (official) name.
Sources of Drugs: 

· Plants => morphine – pilocarpine. 

· Animal => insulin – vaccine – vitamins. 

· Minerals => iron salt – Mg salt. 

· Synthetic => sulphonamides – aspirin. 

· Microorganism => antibiotics. 


PHARMACOKINETICS 
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1) DRUG ABSORPTION: 

(note: when the drug is lipid soluble => best absorption because it can cross the cell membrane) 

         Is the passage of the drug through body barriers or cell membranes to reach its site of action. 
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         Mechanism of Drugs Movements Across Cell Membrane: 

· Simple diffusion = passive diffusion. 

· Active transport. 

· Facilitated diffusion (need carrier). 

· Pinocytosis (endocytosis).
         Simple diffusion: 

                     Types: 

a. Aqueous Diffusion (filtration through the pores) => water soluble and low molecular weight. 

b. Lipid Diffusion => lipid soluble and low molecular weight. 

                     Characters: 

a. Commonest. 

b. Non selective. 

c. Require no energy. 

d. Depends on concentration gradient. 

e. Depends on lipid/water partition coefficient. 

f. Depends on Pka (of drug) and PH (of the medium)
Pka ( is dissociation or ionization constant):
    is the PH at which half of the substance is ionized and half in unionized. 

PH: 

· Ionization of drugs.

· Weak acids => best absorbed in stomach ( because acid wont be ionized –lipid soluble- best absorption). 

· Weak bases => best absorbed in intestines. 

[image: image8.jpg]Passive diffusion Passive diffusion
of a water-soluble || of a lipid-soluble
drug through an drug dissolved
aqueous channel in a membrane.
or pore.

Carrier-mediated
active transport |
of drug





                                     N.B. strong acids or bases are fully ionized (polar+water soluble) => cannot                                                                                                                          cross cell membrane, given IV infusion. -MCQ- 

  Active Transport: 
a. Relatively unusual. 

b. Against concentration gradient. 

c. Requires carrier + energy. 

d. Specific, e.g. iodides. 

e. Saturable with receptor.

f. Depends on lipid/water coefficient.

g. Iron absorption.

h. Uptake of levodopa by brain.

 Carrier Mediated: 

a. Along concentration gradient. 

b. Requires carrier. 

c. Doesn’t need energy. 

d. Selective.

e. Saturable. 

f. E.g. uptake of glucose, vit. B12 and intrinsic factor. 

   Endocytosis: 

a. High MW (molecular weight) drugs. 

b. There is engulfment of the substrate by the cell. 

c. E.g. vit. A, E, D, K. 
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Routes of Drug Administration: 

· GIT => oral, sublingual, rectal (local).

· Parenteral = injection. 

· Inhalation (pulmonary).

· Topical application (skin, eyes) 
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Oral administration: 
· Advantages: 

safe, easy, self use, no need for sterilization.

· Disadvantages: 

a. Not suitable for vomiting, unconsciousness, emergencies. 

b. No complete absorption (low bioavailability –low much drug is available at the site of action- ). 

c. Destruction by GIT. 

d. First pass effect. 

e. GIT irritation. 

f. Food-drug interactions.

g. Drug-drug interactions. 

h. Slow effect.
  Sublingual administration: 

· Advantages: -MCQ-
a. Rapid effect (emergencies). 

b. No 1st pass effect. 

c. No destruction by GIT (PH). 

d. No food-drug interactions. 

e. E.g. nitroglycerine – isosorbide. 

· Disadvantage: 

a. not for irritant drugs, frequent use, vasoconstrictors. 

b. Limited drugs. 

c. Small doses. 

  Rectal administration: 

· Advantages: 

a. vomiting and unconsciousness, children. 

b. Irritant and bad taste drugs. 

c. Local action. 

d. Avoid 1st pass metabolism.

· Disadvantages: 

a. absorption is irregular. 

b. Irritation of rectal mucosa. 

c. Retention enema or suppositories. 

d. E.g. aminophylline – phenobarbiturate. 

Parenteral Administration: 

a. Intradermal (I.D).

b. Subcutaneous (S.C). 
c. Intramuscular ( I.M). 

d. Intravenous (I.V). 

e. Intraarterial (I.A).

f. Intrathecal (I.T), subarachnoid. 

g. Intraperitoneal.

h. Intracardiac. 

   Intradermal Injection: 

· Between dermis and epidermis. ( 0.1 mm). 

· Vaccination – sensitivity test.
   Subcutaneous injection: 

· Under the skin (0.1 mm – 1mm).

· Sustained release effect, e.g. insulin zinc preparation. 

   Intramuscular Injection: 

· 3 mm. 

· More rapid absorption. 

· Large amount of drug (fluid). 

· Prolonged duration of action. 

· Used for oily preparation. 

· Pain-abscess-tissue necrosis.
    Intravenous Injection ( most rapid effect) 
· Advantages: -MCQ-
a. rapid effect (in emergency). 
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High bioavailability. 

c. No destruction by GIT. 

d. No gastric irritation.                                  
e. No 1st pass metabolism. 

f. No food-drug interactions. 

g. Used in coma, convulsions.

h. Irritant drugs. 

i. Water soluble drugs only ( no particle, not oil). 

· Disadvantages: 

a. Not recovered. 

b. Sterilization. 

c. Pain at site of injection.

d. More expensive. 

e. Needs skill and training. 

         Intraperitoneal Injection: 

                      Of fluids or drugs as in dialysis, e.g. rabies vaccine. 

         Intracardiac Injection: 

                      In cardiac arrest, e.g. epinephrine.
         Intra-arterial Injection:

a. in diagnosis => ateriography.

b. In treatment => dissolution of coronary thrombosis. 

         Intrathecal Injection: 

a. CNS infections.

b. Spinal anesthesia. 

c. Drugs that don’t cross blood brain barrier (BBB). 

        Inhalation: 

a. Rapid absorption. 

b. Local action in respiratory tract . 

c. Used in anesthetics. 

d. Used in bronchodilators, e.g. salbutamol. 

e. Drugs given as: 

1- gases. 
2- Powder ( spin-haler). 

3- Vapours of volatile liquids, e.g. halothane. 

4- Solution (aerosol, neubilizer), e.g. salbutamol. 

5- Not irritant.
        Topical application: 

a. Skin, eye, nose, vagina, respiratory tract. 

b. Provide local action. 

c. Lipid soluble drugs. 

d. Not 1st pass metabolism. 

e. Prolonged drug action. 

f. Minimal fluctuation in drug blood level.
 Transdermal Delivery System (TDS): 
       Application of drugs to skin for systemic effect through a rate controlling membrane.
Bioavailability:

· Is the fraction of unchanged drug that enters systemic circulation after oral administration and becomes available for biological effect. 

· It may be less than the dose (unity). 

· Factors Affecting Bioavailability: 

a. first pass metabolism. 

b. Foctors  affecting GIT absorption.
Foctors Affecting Drug Absorption: 

a. Drugs: 

1- MW. 

2- Pka. 

3- Lipid water partition coefficient.

4- Drug formulation.

b. Patient: 

1- PH of the gut. 

2- Rate of gastric emptying. 

3- Presence of food in the gut. 

4- Intestinal motiliy. (transient time). 

5- Surface area available for absorption. 

6- Drug interaction. 

         c. Food: 

· Reduces absorption, e.g. aspirin, penicillin V, tetracyclin, erythromycin. 
· Increases absorption, e.g. propranolol, diazepam and dicoumarol. 

Drug Formulations:
· Liquid Preparation: 

1- Aromatic water (aquae): 

· are saturated aqueous solutions of volatile oils, e.g. aqua paperment. 

· Vehicles for water soluble substances. 

2- Syrup: -MCQ- 

· sugar saturated aqueous solution of the drug. 

· Vehicles for water soluble drugs. 

· They are used in cough mixtures. 

3- Elixir: sweetened and flavored hydro-alcoholic solution.
4- Tincture: 10%-20% concentrated dug extract in alcohol. 

5- Emulsion: insoluble liquid substances in water (cod-liver oil emulsion). 

6- Suspensions: insoluble substances.
· Dried Preparation: -MCQ-
1- Tablets: medicated compressed powder mixed with inert binder as starch. 

2- Coated tablets: a sugar coat cover the drug and mask its bad taste.

3- Enteric coated tablets: only absorbed at intestine. 

4- Sublingual tablets: should be friable. 

5- Capsules: 

· Are drugs enclosed in a gelatin capsules to avoid bad taste of the drug. 

· Hard gelatin (contain powder). 

· Soft gelatin capsules (contain liquid). 

6- Spansules: 

· drug particles with different coats and different disintegration times to give long duration of action.
· Parenteral Preparation: 

· sterile. 

· Pyrogen free. 

1- Ampoule: 

· is a single dose of sterile solution or suspension. 
2- Vial: 

· is a multi-dose preparation. 

3- I.V infusion. 

Preparations for Topical Application: -MCQ-
a. Ointments ( medicine in lipid base ). 

b. Cream ( medicine in water base). 

c. Drops (eye and nasal). 

d. Suppositories (rectum or vagina).

e. Enema (rectum): 

· Retention enema. 

· Evacuation enema. 

2) DISTRIBUTION: 

      - major body fluid compartments are: 
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1- ECF: 

· Plasma ( 5% of body weight). 

· Interstitial fluid (16 %).

· Lymph (1%). 

            2- ICF: (35%): sum of fluid contents of all cells in the body. 

3- Transcellular Fluid (2%): cerebrospinal, intracellular, synovial, peritoneal, pleural, digestive secretions.

· The Major Body Fluid Compartment: 
1- Intravascular (one compartment): 
· in blood (not filtered through endothelium). 

2- Extravascular (2 compartment) blood, interstitial fluid:

· pass endothelium but not cell membranes. 

· E.g. nitroglycerine. 

3- Extravascular and intracellular (multi compartment): 

· pass endothelium and cell membranes. 

· E.g. physostigmine. 

   Factors Affecting Distribution: 

1- Cardiac output and blood flow. Increase cardiac output increases the distribution. 

2- Physiochemical properties of the drug.

3- Permeability across tissue barrier. 

4- Plasma protein binding with drug. 

5- Tissue binding with drug. 

6- PH.

7- Pka. 

8- Lipid solubility (fat: water partition)
   Volume of distribution (vd):                                                                         The amount of drug in the body to the concentration of the drug in blood or plasma. 
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                               Vd= amount of drug in the body
                                                 Cp 

                        (Increase in cp decreases the vd and the vice versa.)

   Drugs With High Vd: -MCQ-
· Higher concentration in tissue than in plasma. 

· Relatively lipid soluble. 
· Distributed intracellularly. 

· Low molecular weight. => easy to cross barriers

· Not efficiently removed by hemodialysis. 

· E.g. phenytoin –anti-epileptic drug-, morphine, digoxin-heart-, tricyclic anti-depressant. 

· Cross BBB or placental barrier.
   Drugs With Low Vd:  -MCQ-
· Confined to plasma and interstitial fluids ( not tissues). 

· Distributed in extracellular compartment. 

· High MW, e.g. heparin –anticoagulant-, insulin, dextran. 

· It is polar or lipid insoluble drugs, e.g. carbenicillin, vecuronium -skeletal muscle relaxant-, gentamycin. 
· High plasma protein binding, e.g. warfarin. 

· Don’t cross BBB or placental barrier => because of lipid insolubility.

· All skeletal muscle relaxants have low vd. 

  Physiological Barriers: 

· Placental barrier. 

· Blood brain barrier (BBB). 
  Placental barrier:  -MCQ- 

· Drugs cross placenta by simple diffusion. 

· Lipid soluble drugs readily enter the fetal blood. 

· In the mother is given: 

· Morphine => respiratory depression in the fetus. 
· Warfarin => hemorrhage ( if taken in the 1st 3 months => congenital malformation). 

· Anti-thyroid drugs => neonatal goiter. 

These drug's name just reading

               Passage of drugs into CNS and CSF: 

· Controlled by BBB. 

· Lipid soluble drugs, e.g. general anesthetics, CNS depressants, antibiotic as chloramphenicol and sulphdiazine. 

· Inflammation as in meningitis (in meningitis => increased permeability). E.g. penicillin, gentamycin. 

 Binding of Drugs: 

· to plasma protein. 

· To tissue. 

       Characteristics of binding: 

· Interaction between drugs and charged group. (NH3-, COO-).

· usually but not always reversible

· bound drug cannot diffuse into tissues so binding determines volume of distribution (vd)

· slows drug elimination

· prolongation of duration of drug action

           Tissue Binding: 
1) Bone:
 e.g. tetracycline and heavy metals such as lead (which combines with collagen). 

2) Fat:
 some drugs such as thiopental and ether. 

3) Salivary Glands and Thyroid Gland: 
can accumulate iodides. 

4) Liver:
 quinacrine (300 times more in liver), chloroquine (which combines with nucleic acid). 

5) Hair and Skin:
 arsenic ( combines with keratin). 

           Plasma Protein Binding: 

1- Albumin: 
acidic drugs bind with albumin such as: warfarin, phenytoin, aspirin, sulphonamides. 

2- Globulin:
 basic drugs  such as: quinidine, diazepam.
3- α2 globulin :steroids ,vit 

4- β12 , thyroxine 

5- β1 globulin: iron
 

                N.B.  Any drug ends with (ine) => basic.
         Drugs Exist in 2 Forms: 

                     Free-Bound forms in equilibrium. 
                    ( When free form is finished the bound become free. )
      Bound Drug: -MCQ-
· Not  available for combination with receptor. 

· No pharmacological action. 

· Not available for metabolism.

· Not available for excretion.

· Have long duration of action.
· Clinically important drug interaction, remains in plasma, cannot be distributed outside the vascular space to the tissue. 

      Unbound Drug (Free): 

· pharmacologically active. 

· Available for metabolism. 

· Available for excretion. 

· Has short duration of action.

      Displacement: 
    competition for binding may occur between drugs and endogenous substrates e.g. sulphonamides and bilirubin ?( jaundice and kernicterus[mental disorders])
               Some drugs can compete with each other for the same site on the plasma  

               protein and displace drugs thus increasing their concentrations to toxic level.

          e.g. Warfarin-strong- + tolbutamide-weak- => hypoglycemia (warfarin is  

                       binding where tolbutamide is free + effect). 
                 Aspirin-strong- + warfarin-weak- => bleeding.
     Redistribution: 

· redistribution of the drug from its site of action to other tissues. 

· E.g. thiopental. 

◙ Note :

Redistribution: when the drug is re-distributed, this means its action is terminated by transporting it from the site of ACTION to the site of storage in which it will be inactive. 

     Termination: 

               1- biotransformation.      2- excretion.       3- redistribution.
3) METABOLISM:
      Drug metabolism (biotransformation): 

                Is chemical reactions which lead to modification of drugs. 

      Sites of metabolism: 

· Hepatic site: microsomes, mitochondria, cytoplasm. 

· Extrehepatic sites: lung, blood, skin, GIT, kidney.
        Microsomes: 

· Microsomal enzyme system = mixed function oxidase = mono-oxygenase.

· Component of it: 

1- cytochrome P450. 

2- Flavoprotein NADPH.

3- Molecular oxygen, Mg.

       Mitochondria: 

· mono-amine oxidase enzyme ( MAO). 
· Acetylation. 

       Cytoplasm: 

· alcohol dehydrogenase. 

       Blood (plasma): 

· Esterases.

· Amidases.

· Catechol-o-methyl transferase (COMT).   

       Intestinal Mucosa and Lumen: 

· GIT flora:

· Glucouronidase. 

· Azoreductase. 

· GIT mucosa:

· Monoamine oxidase (MAO). 

· Sulphatse
Types of Metabolic Reaction: 

· phase I reaction (non-synthetic).

· Phase II reaction (synthetic).
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      Phase I Reaction (make the drug more polar –water soluble-): 

                    Oxidation-Reduction-Hydrolysis. 

            *Oxidation reaction: 

· Introduce functional group (OH, NH2, SH). 

· Can be: microsomal or non-microsomal (in cytoplasm or mitocondria). 

                   Microsomal: 

                        Drug + O2 + NADPH+H => changed drug + H2O + NADP

                   e.g.: 

                              1- Aliphatic hydroxylation: ( just read the reactions)
                                    Phenobarbital => hydroxyphenobarbital. 

                              2- Aromatic hydroxylation: 

                                    Phenacetin => 2-hydroxy phenacetin (paracetalmol). 

                              3- Oxidation of amine: 

                                    Aniline => nitrobenzene.

                              4- Sulphoxidation: 

                                    Parathione => paroxon.

                    Non-microsomal:

                        Oxidation by soluble enzyme in cytosol or mitochondria of cells.

                        e.g.: 

                              1- dehydrogenases and oxidases: 

                                    Ethanol => acetaldehyde => acetic acid. 

                                    Methanol => formaldehyde => formic acid.

                                      CH3CH2OH => CH3CHO => CH3COOH

                              2- mono-amine oxidase (MAO): 

                                    Catecholamines (noradrenaline) 

                              3- xanthine oxidase: 

                                    Hypoxanthine => xanthine => uric acid. 

            * Reduction Reaction: 

                          Microsomal or non-microsomal 

                   Microsomal: 

                           Nitrobenzene => aniline. 

                                  NO2 => NH2 

                   Non-Microsomal: 

                           Chloral hydrate => trichloroethanol

            * Hydrolysis: 

                   Non-microsomal ONLY
                   Ester-C-O and amides-C-N 

                            Acetylcholine => choline + acetate (ester) 

  

    Procainamide (lidocaine) (amide)

Characteristics of Phase I Products (Result of Drug Metabolism):      -MCQ- (تعداد)
1- Inactivation (abolish the activity): 

· oxidation of Phenobarbital and alcohol. 
· Hydrolysis of acetylcholine.
2- Conversion of active drug to another active one: 

· Diazepam =>  oxydiazepam. 

· Codeine, heroin => morphine. 

· Phenylbutazone => oxy Phenylbutazone.

· Propranolol => 4- hydroxy propranolol. 

3- Conversion of drugs to toxic metabolites: 

· paracetamol => acetaminophen. (hepatic toxicity).

· Halothane => metabolite hepatoxicity. 
4- Activation of pro-drug: 

· chloral hydrate => trichloroethanol. 

5- Product might undergo phase II. 
    Phase II Conjugation Reaction, Synthetic Reaction: 

· Glucoronide conjugation. 

· Amino acid, e.g. glycine. 

· Acetylation reaction: CO-CH3. 

· Sulphate conjugation: SO4. 

· Methylation reaction. E.g. CH3. 

· Noradrenaline => adrenaline 

· ALL is non-microsomal enzyme EXCEPT glucouronidation (catalyzed by glucouronyl transferase).

       Characteristics of Phase II Products: -MCQ-
· Product = conjugate. 

· Pharmacologically inactive. 

· More water soluble => to be excreted.

· More readily excreted in urine. 

    Modulation of Liver Microsomal Enzyme: 

                       Induction & inhibition

    Liver Microsomal Inducers:  -MCQ-
         Alcohol, barbiturate, cigarette smoking, phenytoin, rifampicin (Anti TB),  

     spironolactone, griseofulvin (antifungal). 
        Enzyme induction results in: 

· Increase metabolism of the inducer. 

· Tolerance: decreased pharmacological action of the drug. 

· Increase the metabolism of co-administered drug (drug interaction):

· Barbiturate + warfarin. 

· Phenytoin + oral contraceptives. 

· Rifampicin + hydrocortisone. 

· Increased metabolite-mediated tissue toxicity: 

· paracetamol and phenacetin. 

· As therapy (phenobarbiturate + hyperbilirubinemia).      



       Liver Microsomal Inhibitors:  -MCQ-
e.g. cimetidine (anti-peptic ulcer), erythromycin (antibiotic), ketoconazole  (antifungal), grape fruits, isoniazid  -----treatment for TB.

                 Enzyme inhibition may: 

· Retard the metabolism and excretion of the inhibitor and co-administered drugs.

· Prolong the action of the inhibitor and co-administered drugs => increased pharmacological activity. 
     First Pass Metabolism: 

· A drug can be metabolized before the drug reaches the systemic circulation so the amount reaching systemic circulation is less than the amount absorbed. 

· Where? Liver, gut wall, lung. 

· Result: 

· Low bioavailability. 

· Short duration of action. 

· How it is given?
· Eg: 

· Morphine. 

· Salbutamol. 

4) EXCRETION: 

     Main route of excretion: 

· Renal excretion. 

· Biliary excretion. 

     Minor route of excretion: 

· Exhaled air. 

· Salivary. 

· Sweat.

· Milk. 

· Tears.
 

      Renal excretion: 
· Glomerular filtration. 

· Active tubular secretion. 

· Passive tubular reabsorption. 

· Alteration in urine PH: 

E.g. gentamycin, ampicillin, benzylpenicillin, digoxin. 

            -    Contraindicated: 

· In case of renal failure. 

· In case of elderly. 

       Glomerular Filtration:  -MCQ-
· Only free drug (not bound to albumin). 
· Low MW drug (drug molecules below 20000). 

· Renal plasma flow  = 600 ml/min. 

· GFR 20% of  renal plasma flow (RPF) = 125 ml/min. 
    Active Tubular Secretion: 
· Characters: 

· selective. 

· Require energy, carrier. 

· Against concentration gradient. 

· Clearance to plasma protein bound drugs.
 

· Types: 

· system for acidic drugs. 

· System for basic drugs.

1- System for Acidic Drugs: 

e.g.  of acidic drugs: 

salicylates, sulphonamides, penicillin, glucouronide conjugate, sulphate conjugate. 

Blocked by: probenecid (inhibitor) => carrier will carry this drug so, acidic drugs => long duration of action + blocker will excretion. 

2- System for Basic Drugs:

e.g.: catecholamines, atropine, morphine, quinine, neostigmine. 
    Passive Tubular Reabsorption: -MCQ-
· Non ionized form (lipid soluble) can be reabsorbed back into systemic circulation and excretion will be low. 

· Ionized drugs are poorly reabsorbed and so rapidly excreted. 

   Alteration in Urine PH:

· Urine is normally slightly acidic and favors excretion of basic drugs.

· Acidification of urine => increased excretion of basic drugs.

· Alkalization of urine => increased excretion of acidic drugs. 

    Acidification of urine :
· By: 

· ammonium chloride. 

· Ascorbic acid.

     Alkalization of Urine: 

· By: 

· sodium bicarbonate. 

· Sodium lactate. 

· Sodium citrate. 

      Biliary Excretion: 
· Is important for some drugs that are metabolized in the liver. 

· E.g. digitoxin. 

· Biliary excretion used to treat biliary infection. 

· Plays a role in the removal of conjugated metabolites particularly glucouronides. 
   Enterohepatic Circulation:  -MCQ-
· Bile passes into the intestine where drugs if lipid soluble, is reabsorbed again and cycle is repeated.

· Glucouronides are hydrolyzed in intestine liberating free drugs that can be reabsorbed back. 

· This prolongs the action of the drug. 

· E.g. morphine, ethinyl estradiol, thyroxine. 

    Drug Clearance: 

· It is a rate  of elimination of drug by all routes to the concentration of the drug in a biological fluid (blood or plasma). 

· Is ratio between concentration of drug that eliminated by all routes of excretion to concentration of drug in the blood. 

     Renal clearance:  

· A route of elimination of a drug in urine relative to its serum concentration. 

     Biological Half Life (T1/2 ): 

Is the time required to change the total amount of drug in the body by one half. 

     Plasma Half Life( t 1/2  ):  -MCQ-
· Is the time required for the plasma concentration of a drug to fall to half. (is a measure of duration of action).
     Biological Half Life: 

                   2 kinds: 

· Half life α ( t1/2 α): is related to distribution phase. 

· Half life β (t1/2 β): is related to elimination phase =t1/2 (plasma half life) and is generally loger than t1/2 α. 

      Short Plasma Half Life: 

· Short duration of action. 

· E.g. benzylpenicillin, tubocurarine. 

      Long Plasma Half Life: 

· Long duration of action. 

· E.g. digoxin, thyroxine, arsenic. 

       Factors That May Increase Half Life (t1/2): 

1- Decreased metabolism: 

· liver disease. 

· Microsomal inhibitors. 

2- Decreased renal clearance: 

· renal disease. 

· Congestive heart failure. Because of decreased COP. 
3- High binding of drugs: 

· plasma protein. 

· Tissue binding. 

4- Enterohepatic recycling.

     Steady State Level: 

· A state at which plasma concentration of the drug remain constant. 

· Rate of drug administration = rate of  drug elimination. 
· Steady state is reduced after five lives or 3-5 half lives.
      Loading Dose: -MCQ-
· is the large initial dose that is given till the required therapeutic plasma level is rapidly reached. 

· =vd (desired concentration – plasma concentration). 

      Maintenance Doses: 

· Are the doses required to maintain the therapeutic level of the drug. 

· These doses balance the clearance of the drug. 
_____________________________________________________________________

 PHARMACODYNAMIC:
      It is a branch of pharmacology that deals with the mechanism of action and  

       pharmacological effects. 
 Target Protein Sites for Drug Binding: 

· receptor. 

· Enzyme. 

· Ion channels. 

· Carrier molecule. 

Non-Receptor Mediated: 

1- Enzymes: 

· carbonic anhydrase inhibitor (diuretics). 

· Dihydrofolate reductase inhibitor (trimethoprim). 

· Angiotencin converting inhibitor. 

2- Ion channels: 

· Na-channel blockers (local anesthetics). 

· Ca-channel blockers (anti-arrhythmics). 

3- Carrier molecule:
          (e.g. propenecid (-) transport of acidic drug by binding to carrier).

4- Physiochemical properties: 

· Osmotic diuretics (physical). 

· Anti-acids e.g. Na bicarbonate (chemical). 
        Receptors: 

· Is a chemical target macromolecule that binds the drug and mediate its pharmacological actions. 

· It is found at: 

1- cell membrane. 
2- Nucleus. 

3- Cytoplasm.

        Types of Receptors: 
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1- Channel-linked receptors: nicotinic receptors. 

2- G-protein coupled receptors: muscarinic + adrenoceptors.

3- Kinase linked receptors: insulin receptor. 

4- Receptor linked to gene transcription: estrogen receptor.
	
	Type 1
	Type 2
	Type 4
	Type 4

	Other name
	Ionotropic 
	Metabotropic 
	----------------
	Nuclear 

	Time scale
	Millisecond
	Seconds 
	Minutes 
	Hours 

	Location 
	Membrane 
	Membrane 
	Membrane 
	Nucleus 

	Effector 
	Channel 
	Enzyme or channel 
	Enzyme 
	Gene transcription 

	Coupling 
	Direct 
	G-protein 
	Direct 
	Via DNA

	Examples 
	nACH 

GABA 
	mACH

adrenoceptor
	Insulin recep.
ANF receptor 
	Steroid recep.
Thyroid recep.
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1- Ionic bond. 

2- Van-der-waal force = electrostatic force. The weakest.

3- Hydrogen bond. 

4- Covalent bond. The strongest. 

          Affinity: 

· Is the ability of drug to combine with the receptor. 

· Drug + receptor => drug receptor complex => effect. 

          Efficacy:(intrinsic activity) 
                   increase concentration => increased efficacy

· Is the capacity of drug receptor complex to produce an action. 

· Is the maximal response produced by a drug (Emax). 


          Dose-Response Curve: 
· Graded dose-response curve. E.g. Ach. 

· Quantal (all or none) curve to measure the degree of toxicity.

          Median Effective Dose ( ED50):  -MCQ-
· It is a dose of the drug that gives 50% of the maximal response.

· Is a measure of the potency.
          Potency: 
               it is inversely proportional to ED50 .

         Therapeutic Index:  -MCQ- 

· Therapeutic index= LD5o/ ED50 .

· Is a measure of safety. 

· Large value (wide margin of safety)=> penicillin. 

· Small value (narrow margin of safety) => warfarin. 

· If the therapeutic index is lesser or equal to 1 => the drug is toxic. 

· The larger the index the larger safety. 

        Median Lethal Dose ( LD50 or TD50):   -MCQ-
· is a dose of the drug that required to produce death in 50% of individuals.

       Agonist: 

· is the drug that combine with receptor and produce a response (has affinity and efficacy).

        Antagonist:  -MCQ-
· is a drug that combines with a receptor without producing responses. 

· It blocks the action of the agonist. 
· Has affinity but no or zero efficacy.

        Kind of Agonist: 

· Full agonist. 

· Partial agonist.
        Full Agonist: 
· a drug that combines with its specific receptor to produce maximal effect by increasing its concentration (high affinity and efficacy). 

        Partial Agonist: -MCQ-
             combines with its receptor and evokes a response as a full agonist but connot   produce maximal effect regardless of concentration. (high affinity + partial efficacy).

· Examples: 

· Morphine-strong drug- = full agonist.
· Naloxone = antagonist. 

· Nalophine = partial agonist. 

       Kinds of Antagonist: 

1- physiological antagonist. 

2- Chemical antagonist.

3- Pharmacological antagonist. 

        Chemical Antagonist: 

· Simple chemical reaction. 

· No receptor.

· Examples: 

· Anti-acid NaHCO3 neutralizes gastric HCl. 

· Heparin and proteamine sulfate  => give inactive complex.
· Iron and deferoxamine. 

          Physiological Antagonism: 
· physiological effect is antagonized . 

· Drugs acting on *different receptors. 

· Examples: 

· Noradrenaline => vasoconstriction => increase blood pressure.

· Histamine => relaxes vascular smooth muscle => decreases blood pressure. 

· Noradrenaline is used in anaphylactic shock to rise blood pressure.
          Pharmacological Antagonism: 

· When 2 drugs compete (agonist + pharmacological antagonist) for the same receptor to produce different action. 

· The antagonist partially or completely prevent the pharmacological agonist effect. 
· Both drugs act on the same receptor.
         Pharmacological Antagonist: 

· Reversible competitive antagonist. 

· Irreversible competitive antagonist.
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Reversible Competitive Antagonist:              
· The antagonist dissociates rapidly from the receptor. 

· The antagonist effect can be reversed by increasing the concentration of the agonist. 

· The dose response curve is shifted to the right. 

· The dose response curve is parallel. 

· Example: acetylcholine –agonist-  + atropine –antagonist-. 

· Emax can be obtained by increasing the concentration of agonist. 

Irreversible Competitive Pharmacological Antagonist: 

· the antagonist dissociates very slowly or not at all from the receptor. 

· The action of antagonist cannot be overcome by increasing the concentration of the agonist ( Emax cannot be obtained). 

· Phenoxybenzamine is an example. 

 Variation In Drug Response
1- Tolerance:

· is a gradual decrease in responsiveness to a repeated administration of a drug.

· Slow in onset (takes days or weaks to develop).

· Original effect can be produced by increasing the dose. 

· Examples: alcohol, morphine, barbiturate.

2- Tachyphylaxis:  -MCQ-
·  is rapidly decrease in responsiveness to a repeated administration of a drug. 

· Rapid in onset.

· Original effect cannot be reproduced even with a large dose of the drug. 

· Examples:  ephedrine, amphetamine.

3- Drug Resistance: 

· is the complete loss of the effectiveness of antimicrobial or anti-tumor drugs. 

   4- Intolerance : (Hyper-reactivity)
· is increase in response within the therapeutic dose. 

· Example: orthostatic hypotension after chlorpromazine (tranquilizer). 

DRUG COMBINATION (Drug-Drug Interaction) 

    Drug Combination: 

                 Is 2 or more drugs are taken at the same time (drug-drug interaction).

                 Types of drug-drug interaction: 

· harmful. 

· Useful. 

                 Where it happens? 

· outside the body. 

· Inside the body. 

                 What is the mechanism? (inside the body)

1- Pharmacokinetic interaction: 

absorption, distribution, metabolism and elimination.

2- Pharmacodynamic interaction: 

· synergism: potentiation, addition.   

· Antagonism. 

                 Drug interaction outside the body: 

· soluble insulin + protamine zinc insulin => delayed absorption + prolongation of drug action. 

· Diazepam or phenytoin + infusion fluid => precipitation. 
· Carbenicillin + gentamycin => inactive gentamycin. 

    Drug Interaction Inside The Body:
1- Interaction During Absorption: 

a. Direct Chemical Interaction: 

· iron and tetracycline form complex. 

· Anti-acids: alumination or magnesium chelate with tetracycline => decrease the bioavailability of tetracycline. 

· Cholesteramine interfere with absorption of digoxin, warfarin, thyroxine. 

b. Alteration of GIT Motility: 

· purgative => decrease absorption  (because it increases the motility). 

· Anti-depressant => decrease gastric emptying + decrease and delay the absorption. 

c. Alteration of GIT Flora: 

· broad spectrum antibiotics => decrease vit. K synthesis (because the antibiotic kills the flora => coagulation).

d. Absorption from other Site:

· local anesthetics (lidocaine) + adrenaline => delay in absorption => increases the duration of action. 

2- Distribution: 
a. Displacement from Plasma Protein Binding Site: 

                        bilirubin + sulphonamide => kernicterus (brain damage). -MCQ-
b. Displacement from other Tissue Binding Site: 

                        quinidine + digoxin => more digoxin => toxicity. 

3- Biotransformation: (Metabolism)

a. Enzyme Induction: (decrease pharmacological active of the co-administered drugs)

· rifampicin + contraceptives => failure of contraceptives.

· Warfarin + barbiturate => decrease anti-coagulation. 

b. Enzyme Inhibition: (increase pharmacological active of the co-administered drugs)

· warfarin + cimetidine => increase anti-coagulation (hemorrhage).
4- Interaction During Excretion: 

         interference with active transport:
	Primary drug 
	Competing drug
	Result

	Penicillin 
	Probenicid 
	Increase penicillin level 

	Salicylates 
	Probenicid 
	Salicylate toxicity


      Pharmacodynamic Interaction: 
· Drug synergism. 

· Drug potentiation. 

                Synergism:  -MCQ-
· When the therapeutic effect of one drug is enhanced by another drug.

· Types: addition and potentiation. 

1- Addition: 

· when the net effect of 2 drugs used together is equal to the sum of the individual drug effect. 1+1=2 

· example: thiazide + beta blocker in treatment of hypertension.

2- Potentiation:  -MCQ-
· when the net effect of 2 drugs used together is greater than the sum of the individual drug effect. 1+1 > 2 

· example : sulphamethoxazole + trimethoprim the anti microbial cortimoxazole (bactericidal). 

                Antagonism: 

· The effect of one drug is decreased or abolished by the administration of another one. 

· Types: 

1- physiological antagonist. 

2- Chemical antagonist. 

3- Pharmacological antagonist. 

Factors Modifying Drug Action:

· Physiological factors.

· Pathological factors. 

· Genetic factors. 

· Environmental factors. 

         1) Physiological factors: 

                    Age, sex, pregnancy, lactation. 

A- Age: 

1- New born:  -MCQ-
· decreased acid secretion (gastric secretion). 

· Decreased microsomal enzymes ( glucuronyl transferase).

· Decreased plasma protein binding.

· Decreased glomerular filtration and tubular secretion.

· Immaturity of BBB. 

· Examples: 

· GIT absorption of ampicillin and amoxicillin is greater in neonates due to decreased gastric acidity.

· Cholramphenicol => grey baby syndrome: inadequate glucouronidation of chloramphenicol with drug accumulation. 

· Sulfonamides => hyperbilirubinemia and kernicterus.       

2- Children: 

· tetracycline => permanent teeth staining. 

· Corticosteroid => growth + development retardation. 

3- Old age: 

· decreased liver functions by diazepam, theophylline.

· Decreased kidney functions (e.g. aminoglycosides, penicillin, digoxin). 

· Increased sensitivity to CNS depressants (e.g. diazepam, morphine). 

· Decreased plasma protein binding. 

B- Sex: 

          examples are: 

· testosterone increases the rate of biotransformation of drugs. 

· Benzodiazepines decrease metabolism of some drugs in females.

· Female are more susceptible to autonomic drugs (estrogen inhibits choline esterase). 

C- Pregnancy:

· increased cardiac output. 

· Increased GFR and renal elimination. 

· Lipophilic drugs cross placental barrier + slowly excreted.

· Increased vd.

· Increased metabolic rate of some drugs. 

        2) Pathological Factors: 

A- Liver Disease:  -MCQ-
· prolongation of action. 

· Half life of drugs ( T1/2). 

· Decreased plasma protein binding for warfarin, tolbutamide => adverse effects ( increased free form => increase action). 

· Decreased hepatic blood flow => decreases clearance  of morphine. 

· Impaired liver microsomal enzymes  => decreases diazepam, rifampicin. 

B- Renal Disease: 

· decreased GFR. 

· Increased tubular function, e.g. penicillin, digoxin, gentamycin. 

· Decreased excretion => increased drug level in blood, so we must decrease the dose. 

C-  Malnutrition: 

· decreased plasma protrein binding of drugs. 

· Decreased amount of microsomal enzyme. 

· Increased portion of free unbound drug, e.g. warfarin. 
       3) Genetic Factors: 

               Pharmacogenetics: 

                  Abnormal drug reaction due to genetic disorder (idiosyncrasy). 

                  Examples: 

1-   Acetylation enzymes deficiency: 

· e.g. isoniazid. 

· Deficiency of acetyl transferase (non-microsomal). 

· Slow acetylator phenotype => peripheral neuropathy. 

· Rapid acetylator phenotype => hepatitis. 

2- Pseudocholinesterase deficiency: 

· succinyl choline (skeletal muscle relaxant). 
· Succinyl choline apnea: apnea due to paralysis of respiratory muscles. 

3- Malignant hyperthermia: 

· genetic defect. 

· Inability to chelate calcium by sarcoplasmic reticulum: 

· General anesthesia (halothane). 

· Skeletal muscle relaxants (succinyl choline). 

· increased calcium release, muscle spasm, increase the temperature. 

4- Glu-6-P dehydrogenase deficiency (G-6-PD): -MCQ-
· G-6-PD deficiency in RBC,s => hemolytic anemia upon exposure to oxidizing drugs, e.g. 

· Antimalarial drug,  primaquine. 

· Long acting sulphonamides. 

· Fever bean (favism).   
    4) Environmental Factors: 

             microsomal enzyme inducers: alcohol, smoking (nicotine).

    5) Interaction with other Drugs. 
 Adverse Drug Effects: 
      - it is harmful undesirable effects which can occur at normal therapeutic doses. 

      - 5 types: A, B, C, D, E. 

1- Type A reaction: 

· excessive therapeutic effect. 

· Side effects. 

2- Type B reaction (Bizarre reaction): 

· hypersensitivity. 

· Idiosyncrasy. 

3- Type C reaction (continuous reaction): 

· due to long term use, e.g. NSAID,s, analgesic nephropathy. 

4- Type D reaction (delayed adverse reaction); 

· teratogenesis: congenital malformation. 

· Carcinogenesis. 

5- Type E reaction (ending of drug): 

· sudden discontinuous (abrupt). 

· Rebound adrenocortical insufficiency. 
      Type A Reaction: 
· common. 

· Predicatable. 

· Dose-dependent. 

· Related to pharmacological actions. 

· Can be avoided by adjusting the dosage regimen. 

· Most of them are reversible upon stopping drug but some are irreversible. 

· E.g. paracetamol hepatotoxicity, aminoglycoside ototoxicity. 

· There are 2 subtypes; 

a. Excessive Therapeutic Effect: 

  unwanted effects related to the main pharmacological  

actions of the drug that occur when the drug produces  

greater therapeutic effect than is necessary. 

· warfarin => anticoagulant => bleeding. 

· Insulin => normoglycemia => hypoglycemia.

b. Side Effect:

unwanted effects unrelated to the main pharmacological actions of the drug. 

                    - morphine constipation during its use as analgesic.

   Type B Reaction: 

· are bizarre reactions. 

· Not related to the pharmacological actions of the drug. 

· Unpredictable. 

· Non dose related. 

· Occur only in minority of patients. 

· Types: 

a. Hypersensitivity (allergic) reaction:

· allergic response to a drug. 

· Antigen-antibody reactions (anaphylactic reaction) e.g. penicillin.

· Unpredictable. 

· Require prior exposure to the drug. 

· Rashes, hypotension, bronchospasm.

b. Idiosyncrasy: -MCQ-
· is abnormal response to the drug due to genetic disorder. 

· Occurs in small proportion of patient. 

· Succinyl choline apnea.

· Malignant hyperthermia. 

· Favism. 

· Porphyria. 

  Type D Reactions: 

a. Teratogenesis: 

· usually occur at 1st trimester. 

· Is a congenital malformations occurring in the fetus due to exposure to drugs during pregnancy. 

b. Carcinogenesis: 

· is ability of some substances to induce cancer. 

· E.g. stilbesterol => adenocarcinoma of vagina in female offspring. 




Cp=>concentration in plasma








