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Lecture 3
Excretion of drugs:

Main routes of drug excretion:

1. Renal excretion.

2. Biliary excretion.

Minor routes of excretion:

1. Exhaled air(exhalation).

2. Salivary.

3. Sweat.

4. Milk.

5. Tears.

Renal excretion includes:

1. Glomular filtration.

2. Active transport secretion.

3. Passive tubular reabsorption.

A. Glomular filteration:

· RPF(renal plasma flow)=600ML/MIN

· GFR 20% of RBF=125ml/min

· Only free drugs(unbound to plasma proteins).

· Low molecular wt.

B. Active tubular secretion:

· Mainly in the PCT.

· Non-selective(non specific).(weak acids carriers ,weak bases carriers)
· Requires energy.

· Can transport drugs against concentration gradient .

· Clearance of plasma proteins bound drugs.

· Types:1)System for acidic drugs.

            2)System for basic drugs.

1. System for acidic drugs:

· Aspirin ,Penicillin.

· Salicytates.

· Salphonamides.

· Glucouronides conjugate.

· Sulphat conjugate.

· Blocked by probenecid
2. System for basic drugs:

· Atropine.

· Morphine.

· Catecholamines.

· Quinine.

· Neostigmine.

C.Passive tubular reabsorption:

· In DCT & CD.

· Passive diffusion.

· Lipid soluble (unchanged-not completely metabolized)form of the drug(non ionized) can be reabsorbed back into the systemic circulation and the excretion will be low.
· Ionized drugs are poorly reabsorbed and the excretion will be high.

· Renal excretion=(GFR)+(TS)-(TR)

Ion trapping:

· Alteration of the pH of the urine may be used to minimize the reabsorption and the clearance will increase(excretion).
· Urine is usually slightly acidic and favors excretion of basic drugs.

· Acidification of urine increases the exretion of basic drugs(amphetamine,morphine) e.g by Ammonium chloride NH4CL.

· Alkalization of urine increases the excretion of acidic drugs.(aspirin ,barbiturates)e.g. by Soduim bicarbonate NAHCO3.

Renal excretion :

Drugs which are mainly excreted  by the kidney e.g.:

· Aminoglycosides antibiotics.(gentamycin)

· Penicillin.

· Contraindicated:renal disease –elderly.( must reduce the dose)

Biliary excretion:

· It is important for some drugs that are metabolized in the liver e.g (digitoxin)
· Maximum CL hepatic=Hepatic blood flow=1500 ml/min.
· Plays a role in the removal of conjugated metabolites particularly glucouronides.
Enterohepatic circulation:
· Drugs excreted in the bile in the form of glucoironides will be hydrolyzed in the intestine by bacterial flora liberating free drugs that can be reabsorbed back if lipid soluble.

· This prolongs the action of the drug.

· e.g. Morphine ,thyroxine.

Drug clearance:

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

Clearance (ml/min)=   Rate of elimination (mg/min)

                                        Conc. In plasma(mg/ml)
Cl total= Cl renal+Clhepatic+Clother

Renal clearance:

Rate of elimination of a drug in urine relative to its serum concentration.

Plasma half life(t1/2):

· Is the time required for the plasma concentration of a drug to fall to half .
· Is a measure of duration of action.
· Determines the dosing interval.
Drugs of short plasma t1/2:

· Have short duration of action.
· E.g.benzylpenicillin,tubocurarine.
· Drugs with very short half lives are given by constant I/V infusion for a prolong effect.
Drugs of long plasma t1/2:

· Have long duration of action.
· digioxine,thyroxine.

Factors that may increase t1/2:

· Decreased metabolizm:liver disease,microsomal inhibitors.

· Decreased clearance: renal disease,congestive heart failure.

· high binding of drugs:such as plasma proteins and tissue binding.

· enterohepatic recycling.

Loading dose:

Is the large initial dose that is given till the required therapeutic plasma level is rapidly reached.

Maintance dose:

Are the doses required to maintain the therapeutic level of a drug.these doses balance the clearance of the drug=CLxPlasma conc.
Steady state level:

a state at which the plasma concentration of a drug remains constant.

-RATE OF DRUG ADMINISTRATION=RATE OF DRUG ELIMINATION


Order of actions(kinetics of excretion):

1. First order.
2. Zero order.
First order of liner kinetics:

· most drugs.

· amount of drug excrete in urine is directly dependent on the dose.

· t1/2 is constant , dose independent.

· area under the curve is proportional to the dose.

· steady state is reached after f half lives.

Zero order or nonlinear kinetics:

· Reaction proceeds at a constant rate.

· T1/2 is variable , dose dependent.
· little change in dose may lead to toxicity.

· Change in drug formulation can produce toxic effects.
· Few drugs such as ethanol,phentoin.(which are taken in high concentrations).
· More liable to competitive drug interactions.
Pharmacodynamics :

     A branch of pharmacology that deals with the mechanisms of action and pharmacological effects .

Mechanisms of drug action :

Drugs may be : Receptor mediated action or non-receptor mediated action , both of them can produce an action 
Non-receptor mediated mechanisms :
1. Direct chemical interaction :

· Antiacids
· Laxatives (increases motility by increasing water content of GIT and increasing fiber content of feces) .

· Osmotic diuretics ( increase urine volume )
2. Enzyme :
· Carbonic anhydrase inhibitors (diuretics)

·  MAO inhibitors (   catecholamines -anti depression-)

·  ACE inhibitors ( angiotensin converting enzyme - anti hypertension- ) 

3. Ion channels :

· Na channel blockers ( local anesthetics )

· Ca channel blockers ( antiarrythmics )

4. Chemical transmitters :

· carrier molecules ( transport process ): Probencid

· incorporation into large molecules : Anticancer (5-Fluorouracil)
Receptors :

· Is a special constituent of the cell that binds to the drug & mediates its pharmacological action

· E.g. Adrenergic , Cholenergic .
· located on the : cell membrane (mostly) ,cytoplasm,or nucleus

Types of receptors :

Type 1 , ion channel-linked receptors :Nicotinic receptors ( cholenergic , parasympathetic )

Type 2 , G-protein coupled receptors (activates 2nd messenger) :Muscarinic receptors ( cholenergic , parasympathetic )

Type 3 , enzyme kinase-linked receptors :Insulin receptor .

Type 4 , Receptor linked to gene transcription ( intracellular , nuclear receptor ) : Estrogen receptor >Action of the drug on type 4 receptor is not rapid , it takes time .
TYPE 1 (ion channel-linked receptor) :

· Located at the cell membrane .

· DIRECTLY related to channels . 

· Involved in fast synaptic transmission .
·  Response occurs in milliseconds .

· eg. Nicotinic receptors .

TYPE 2 (G-protein linked receptor) :

· Located at the cell membrane .

· The largest family .

· Coupled to G-protein .

· Response through 2nd messenger.

· Involved in rapid transduction .

· Response occurs in seconds.

· eg. Muscarinic , adrenergic , serotonin , others .
TYPE 3 (Tyrosine kinase-linked receptor) :

· Located at the cell membrane  .

· involved in response to metabolic signals of growth regulation .

· Response occur in minutes .

· Activation of receptor result in phosphorylation of TYROSIN residue & activation of many pathways in cell .

· e.g. Insulin receptor .
TYPE 4 (Intracellular receptor) :

· Located at nucleus ( intracellularly ) .

· Directly related to DNA .

· Response occurs in hours or days & persist longer . 

· Activation of receptors either increase or decrease protein synthesis . 

· e.g. Corticosteroids & Estrogen receptors .

Coupled to g-protein :

· Interaction with guanine nucleotide GDP , GTP .

· Comprise of 3 subunits (α,β,γ) .. α subunits possess GTPase activity .

· drug makes conformational change of receptor>>> increase affainity for trimen>>> dissociation of a subunit (GTP) complex (active)>>> activation of channel or enzymes>>>> effect .
Targets for g-protein :

· Second messenger ~~ there are 3 second messengers :

1. cyclic AMP system (cAMP) .

2. cyclic GMP system (cGMP) .

3. inositol phosphate system .

1. cyclic AMP system (cAMP) :

· cAMP , adenyl cyclase enzyme , ATP .

                                               phosphorylation of serine/thrionine residue                                                          

  cAMP                                      of protein kinases (protein kinase A)

                          ATP                          Activation or inhibition of proteins 

2. cyclic GMP system (cGMP) :

· cGMP, guanyl cyclase enzyme , ATP .

                                                               activation of protein kinases

             cGMP                                                  (protein kinase G)
                                              

     GTP                                    activation or inhibition of protein

3. inositol phosphate system :

phospholipase c , phosphatidyl inositol , ip3 , diacylglycerol (DAG)

                                phosphatidyl inositol

             IP3                                                 DAG
How drugs combine with their targets :

By binding forces :

A. Non-covalent bonds (reversible, weak) :

1. Ionic bond (electrostatic attraction) .

2. Hydrogen bond (between two electronegative groups) .

3. Van - Dar - Waal bond (attractive forcrs between two neutral atoms) >>>> weakest .

B. Covalent bonds (irreversible, strong) :

· Sharing of pairs of electrons between two bonded atoms (c=c) .

C. Drug – receptor interactions :

· Drug binds to receptor and activates the receptor so produce a response (agonist) .

           or :binds to receptor but produce no action (antagonist) .

D. Affinity :

 Ability of a drug to combine with the receptor.(both agonist and antagonist have affinity).
E. Efficacy (intrinsic activity) :

· Capacity of a drug to activate receptor and produce action .

· Is the ability of the drug to produce maximum response (E max) .

· Agonist: is a drug that combines with receptors and produce a response (has affainity and efficacy) .
· Antagonist: is a drug that combines with a receptor without producing response.
· It blocks the action of the agonist (has affinity but no or zero efficacy) .

· It has structural similarity to agonist.
Types of agonists :

1. Full agonist.
2. Partial agonist.
3. Inverse agonist.
Full agonist :

· A drug that combines with its specific receptor to produce maximal effect .

· It has both high affinity and full efficacy .

Partial agonist :

· A drug that combines with its specific receptor to produce submaximal effect regardless of its conc.(full receptor occupancy) .

· It has high affinity and partial efficacy .

Inverse agonist :

· Combines with its receptor and produce response opposite to those of the agonist.
· It has high affinity and negative efficacy.
· E.g. β-carboline  (benzodiazepine receptor) 
N.B: in the previous lecture there was a mistake (the conjugation reactions are all Non Microsomal except the glucourinidation)





Competition may happen between drugs that have the same chemical properties >one will bind to the carrier and the other will be excreted. 





Penicillin and probenecid are given together because the probenecid blocks the  system >increases the t1/2 of the penicillin.





N.B: -this happens by maintance doses>>>>>  drug input=drug output


         -ready state of drug is reached after 5 half lives of a drug.








Pharma Team
Page 9

