Lecture 2
Factors affecting distribution:

1. Cardiac output and blood flow.

2. Physiological properties of the drug.

3. Capillary permeability.

4. Plasma protein binding.

5. Tissue binding.

6. Pka.

7. pH.

8. Lipid solubility(fat:water partition)

Physiological barriers to distribution:

1. Cell membrane.

2. Blood brain barriers(BBB)

3. Placental barrier.

Passage of drugs into CNS & CSF:

Is controlled by blood brain barrier:

1. Endothelial cells:

· Continuous(no gaps).

· No slit junction (but have tight junction).

2. Astrocytes.

What are the drugs that can pass the BBB?

1. Lipid soluble drugs: general anesthetics,thiopental(given intravenously ,and it is well distributed).

2. Actively transported drugs (L-dopa)

3. In some inflammation cases as menegitis the permability increases so penicillin and gentamycin are given (which are polar drugs).
· Ionized or polar drugs cannot penetrate the CNS.

Placental transfer:

· Drugs cross placenta by simple diffusion.

· Lipid soluble drugs readily enter the fetal blood.

The consequences:

1. Morphine---->Respiratory Depression 

2. Warfarin  ---->Hemorrhage(malformation)
3. Antithyroid drugs----> Neonatal goiter.

Binding of drugs;

· Binding is either to:

1. Plasma proteins binding.

2. Tissue binding.

· Binding is interaction between drugs and charged groups(NH3,COOH)

Characters of binding:

· Drugs exist in 2 forms :free and bound forms in equilibrium.

· Drug       reversible          unbound(free)+bound.


Unbound drugs:

1. Combine with receptors .

2. Pharmacologically active=produce action.

3. Available for metabolism and excertion.

4. have short duration of action.(have short half life)

Bound drugs:

1. Non diffusible form (VD is low).

2. Cannot combine with the receptors.

3. Not available for elimination (metabolism and excertion)

4. Provide long duration of action (t1/2)>long half life.

Plasma protein binding:

Plasma proteins:

1. Albumin:

· The major drug binding protein.

· Has affinity for acidic drugs(anionic)and hydrophobic drugs as warfarin ,phenytoin,aspirin.

· Don’t bind to most neutral and hydrophilic drugs.
· Binding to albumin is reversible.

2. Glycoprotein:

· Basic drugs(cationic)as propantol,diazepam,quinidine.

Tissue Binding:

1. Bone:

· Tetracycline and heavy metals as lead (collagen).

2. Fat:

· Some drugs as thiopental.
3. Salivary gland and thyroid gland:

· Can accumulate iodide.

4. Liver:

· Quinacrine(antimalaria drug)>found 3000 times more in the liver.

· Chloroquine (nucleic acids).

5. Hair and skin:

· Arsenic (kertain).

Characteristics and consequences of binding:

· Usually but not always revesible.

· Determines volume of distribution(VD)

· Slows down drug metabolism and elimination.

· Prolongs duration of the drug action.(↑t1/2)

· Clinically important in drug unteractions.

Displacment: Competition for the same binding site on the plasma proteins may occur:
1. Between drugs and endogenous substrates (depends on the affinity )e.g. sulphonamides and bilirubin.>jaundice and kerniterus

Drug+(albumin-bilirubin)                    (albumin-drug)+ free bilirubin

2. Between 2 drugs> displacement of one drug and increasing its concentration and 

effects.
E.g.   a)warfarin+(albumin-tolbutamide)               (albumin-warfarin)+free tolbutamide          hypoglycemia  because tolbutamide is an oral hypoglycemic drug.                                                                                                              
         b)aspirin+(albumin-warfarin)             (albumin-aspirin)+free warfarin              bleeding because  warfarin is an anti-coagulation drug.
Redistribution: redistribution of the blood drug from its site of action to other tissue e.g thiopental.

Termination:

1. Biotransformation(metabolism by the liver).

2. Excretion (in bile or urine).
3. Redistribution.

Metabolism: Drug metabolism (biotransformation)

Definition:chemical reactions which lead to the modification of the drugs.

Sites:

A)Liver(the major site).

· Cytoplasm

· Mitochondria.

· Microsomes.

B)Extrahepatic sites.

1. Plasma:

· COMT(catechol-o-methyl-transferase)

· Esterase.

· Amidase.

2. Kidney.

3. Lung.

4. Skin.

5. Intestinal mucosa and lumen:

· Gut flora:

-Glucourindase (glucourinal drug-glucouronic acid

-azoreductase

· Gut mucosa:
-Monoamine oxidase (MAO).

-Sulphatase.

Liver (hepatic site)

1.Microsomes:ER
· Microsomal enzyme system=mixed function oxidase =mono-oxygenase .

· Components:-cytochrome P450 )heme binding protein.

                         -Flavoprotein NADPH

                         -Molecular oxygen Mg+2

2.Mitochondria:

· Monamine oxidase enzyme (MAO).

· Acetylation.

3.Cytoplasm:
· Alcohol dehydrogenase 
Types of metabolic reaction:
1.Phase 1 reaction (Non-synthetic)>(addition or removal).

2.Phase 2 reaction (Synthetic)>(conjugation reaction).

Phase 1:oxidation , reduction or hydrolysis.
1.Oxidation:

· Introduction or unmask functional groups (OH)

· Microsomal(cytochrome P450)

· Non-microsomal(mitochondria or cytoplasm)
 a)Microsomal Oxidation:
           Drug+O2+NADPH+H---(Changed drug(polar)+H2O+NADP+

1. Aliphatic Hydroxylation

Phenobarbital--------->hydroxy phenobarbitol

2. Aromatic hydroxylation

Pheacetin---------->2 hydroxy phenacetin

(Paracteamol)

3. Amine oxidation

Aniline to nitrobenzene (NH2---->NO2)

4. Sulphoxidation.

Parathione to paraxon.

     b)Non-Microsomal:oxidation by soluble enzymes in the cytosol or mitochondria of the cells.
1. Dehydrogenase and oxidase: e.g.
(a) Ethanol----->acetaldehyde ---->acetic acid(CH3CH2OH(CH3CHO(CH3COOH)
(b) Methanol ----->formaldehyde---->formic acid(CH3OH(HCHO(HCOOH)
          2.     Monoamine oxidase(MAO):

               e.g. Catecholamine (noradrenalin).

                 3      .Xanthine:

              e.g. Hypoxanthine---->xanthine---->uric acid

2.Reduction :

        a)Microsomal:

        e.g.   Nitrobenzene --->aniline (NO2-->NH2)

        b)Non-Microsomal:

        e.g.    Chloral hydrate (inactive)----->trichloroethanol (active form) (CL3-CHO----->CCL3-CH3-OH)

3.Hydrolysis:

· All are non-micrsomal.
· Esters(-C-O-) and Amides(-C-N-).

a)Ester: Actelycholine--->choline+acetate.(R1COOR2--->R1COOH+R2OH).

b)Amide :Procainamide(lidocanine,local anesthetics)(R1-CONH-R2--->R1-COOH+R2NH2).

Characterstics of phase 1products:
1. Inactivation (abolish the activity)>mostly.
· Oxidation of phenobarbitol and alcohol.

· Hydrolysis of acetylcholine.

2. Conversion of active drug to another active one:
· Diazepam--->oxazepam(active)
3. Conversion of druge to toxic metabolites:
· Paracetamol--->acetaminophen(toxic)

· Hepatotoxicity.

4. Activation of prodrug(inactive--->active):

· Chloral hydrate ---->trichloroethanol.

· Enalapril--->hydrocortisone

· Cortisone--->hydrocortisone

5. Products might undergo phase 2
Phase 2 –Conjugation Reaction(Synthetic):

Conjugation of drug or metabolites from phase 1 with endogenous substances as methyl /acetyl/sulfate/amino acid/glucouronic acid.
Conjugation:

· Gluco uronide conjugation.

· Amino acids (glycin).

· Acetylation(CH3-CO)

· Sulphate conjugation(SO4)
· Methylation reaction(CH3) :noradrenaline ->adrenaline

Conjugation reactions:

Are all non  microsomal except glucourinidation(catalyzed by glucouronyl transferase)

Glucourinidation :

· Most common & important reaction.
· Deficient in neonates chloraphenicol (gray baby syndrome)
Characteristics of phase 2 products:
1. Product=conjugate.

2. Usually pharmacologically inactive.
3. Polar.

4. More water soluble.

5. More readily excreted in urine.

Factors affecting metabolism:Modulaton of liver microsmal enzymes(only):

1. Induction.

2. Or inhibition.

Liver microsomal inducers:

· Alcohol.

· Cigarettes.

· Barbiturates(phenobarbitones hypnotic)

· Phenytoin(antiepileptic>most of them are inducers)

· Rifampicin.

· Grisofalvin(antifungal).

Enzyme induction may result in :

· Increase  metabolization of the inducer.

· Decrease its pharmacological action(Tolerance)

· Increase the metabolism of co-administrated drugs(drug interaction)

· Barbiturates and warfarin --->thrombosis

· Phenytoin and oral contraceptive (the woman becomes pregnant)

· Increase tissue toxicity by metabolite.
· Paracetamol,phenacetin.

· As therapy:

· Phenobarbitone (given to babies with physiological jaundice to induce liver microsomal enzyme)& hyper bilirubinemia

Liver microsomal inhibitors:

· Cimetidine(anti-peptic ulcer)

· Erythromycin(antibiotic)

· Ketocoazole(antifungal)

· Grape fruit.

Enzyme inhibition may:

· Retard the metabolism and excretion of the inhibitor and co-administrated drugs                        
· Prolong the action of the inhibitor and co-administrated drugs.                                       Increase t1/2

First pass metabolism:
· Following absorption across the gut wall ,the portal blood delivers the drug to the liver prior to entry into the systemic circulation.

· Drugs will be metabolized before reaching the systemic circulation .

· So the amount reaching system circulation is less than the amount absorbed.

Where?

· Liver

· Gut wall

· Gut lumen

· Portal blood

Result:
· Low bioavailability.

· Decrease in the pharmacological action.

· Short duration of action.

· As morphine.

Warfarin is an anticoagulant drug that has a low molecular 


Pregnant women should take Heparin instead.








Warfarin:99% > bounded to plasma proteins


1% is in free form->produce an effect.











-ine:means basic drugs.








Tetracycline cannot be given to children under the age of 8>it affects the development of the bone.








↑↑↑bilirubin>irreversible brain damage








Azo-:means linkage between 2 nitrogen atoms








P45 is found all over the body but mainly in the liver and intestinal mucosa








Phenobarbital is an Anti-epileptic drug








Parathione is a Pesticide :which is highly lipid soluble and can be absorbed by the skin 








In gout disease>uric acid levels are high








Hypnotic drugs :they will have long duration of action








Chloraphenicol Is not given to babies who under 1 year of age.








Some drugs may bypass phase 1(some polar drugs)








Tolerance:Upon continuous administration of a drug for a long duration.
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