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اللهم طهر قلبي من النفاق وعملي من الرياء ولساني من الكذب وعيني من الخيانة فأنت تعلم خائنة الأعين وما تخفي الصدور

اللهم اهدني لاحسن الاعمال والاخلاق .. اللهم انك تحب العفو فعفو عنا
اللهم تقبل صيامنا واجعله كفارة لما سبق من ذنوبنا وعصمة فيما تبقى من اعمارنا وارزقنا اعمالا صالحة ترضى بها عنا يا ذا الجلال والاكرام

ربنا واتنا في الدنيا حسنة وف يالاخرة حسنة وقنا عذاب النار برحمتك ياراحم الراحمين

إخواني الطلاب .. أخواتي الطالبات دفعة 426
 هنيئا لكم هذه السنة .. وستكون إن شاء الله أفضل سنة لكم 

نحن فارم بل تيم قمنا بجمع سلايدات البنات مع الأولاد في هذه المذكرة 

مع إضافة نوتات هذا العام والأعوام الماضية  

نسأل الله أن تنفعنا وإياكم ... وتعود بالنفع لغيرنا

إن أصبنا فمن الله وان أخطانا فمنا ومن الشيطان

اوجة شكر خالص إلى الأخت دعاء البلوي دفعة 424 ""
لا تنسونـــــــا من دعواتكم في هذا الشهر الفضيل
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TERMINATION OF ACTION OF DRUGS
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▪ Redistribution

     Movement of drug from site of action to storage sites
◙ 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. 

e.g.1/ iodine is taken into the body and is distributed first to all the tissues.. It then is redistributed which means it is transported to the thyroid gland and is trapped there and is being inactivated.

E.g.2/ the general ansthetics are administered by inhalation to the patient then they go to all tissues of the body and have their effects on the brain. After the ansthetics are not administered any more and the patient takes some time unconscious, the ansthetics will be re-distributed , i.e. transported from the active site, the brain, to the storage site, fatty tissue and that is where its action is totally terminated.

▪ Metabolism

▪ Excretion
ELIMINATION :

 ► Metabolism ( biotransformation )  & / or  Excretion

DISPOSITION :


 ► Distribution , Metabolism ,  Excretion


 ► Metabolism ,  Excretion
◙ Note : elimination may include :

         1) drug excretion without metabolism
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         2)drug metabolized then excreted

         3)drug metabolize without excretion
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Drug metabolism (biotransformation) :
► Definition: chemical reaction which lead to modification of drugs
►Sites: 

-hepatic

-extra hepatic
 ◙ Note : Major secretory organ is the kidneys though some substances may
Be cleared in the liver through the Bile duct   and through the GIT.

» extrahepatic sites
-plasma…. Esterases , amidases ,COMT(catechol 0-methyl transferase)
-kidney

-skin

-lung

-intestinal mucosa and lumen: 

▫gut flora

▪ glucouronidase 

▪ azoreductase

▫gut mucosa

▪ monoamine oxidase
▪ sulphatase

-Leukocytes, Intestinal flora, Gonads, Spleen, Eye, Brain (Lowest organ of metabolism) 
» hepatic sites 
▪ Microsome:

Microsoma enzyme system=mixed function oxidase=mono-oxygenase
-components:

Cytochrome P450, flavoprotein NADPH, molecular oxygen, Mg++
▪ Mitochondria 

-monoamine oxidase enzyme (MAO)
-acetylation

▪ Cytoplasm 

-alcohol dehydrogenase


Change in chemical structure :
     ◙  Metabolite(s) : 

         there will be change in: ( MCQ ) ( important)

                ►Biological activity    

                ►Polarity


               ►Lipid solubility


                ►Water solubility

                ►Activation of pro-drug

                ►product might undergo phase 2
» Change in Biological activity may:

▪ decrease or no activity – mostly this occurs –

▪ same 

▪ increases 

▪ toxic metabolites 
» Change in Polarity / water solubility: increase
» Change in lipid  solubility : decrease 
The reason why the lipid solu. Is   ↓ while the polarity increases is that this makes the substances easy to be excreted. – we will see how later -.

◙ Prodrug:
Compound that in itself has little or no biological  activity but is metabolized to a pharmacologically active species. Designed to maximize the amount of active species that reaches its site of action.

Types of metabolic reactions:

-phase I reaction (nonsysthetic)

-phase II reaction(synthetic)



» Phase I reactions (nonsynthetic) : primarily occur in Endoplasmic reticulum
▪ oxidation
▪ reduction

▪ hydrolysis
1-Oxidation reactions (most common type of phase I reactions )
-introduce functional groups (OH , NH2 , SH)

-microsomal ( site of oxidation)
-non-microsomal (site of oxidation in cytoplasm or mitochondria)
■Microsomal oxidations: Cytochrome P450-dependent (Mixed function oxidases or monooxygenases) :
Drugs + O2 + NADPH + H ( changed drug  + H2O + NADP

(the following examples are just for reading)
1-Aliphatic hydroxylation ,e.g ,Phenobarbital (hydroxy phenobarbital

2-aromatic hydroxylation ,e.g, Phenacein ( 2hydroxy phenacetin (paracetamol = panadol)

3-oxidation of an amine ,e.g, Aniline to nitrobenzene (NH2 ( NO2)
4- sulphoxidation ,e.g, Parathione to paroxon
■Non-microsomal oxidation (Cytochrome P450-independent )
-oxidation by soluble enzymes in cytosol or mitochondria of cells
-dehydrogenases and oxidases 

▪ Ethanol ( acetaldehyde ( acetic acid

CH3CH2OH ( CH3CHO ( CH3COOH
▪ Methanol ( formaldehyde ( formic acid

CH3OH ( HCHO ( HCOOH
▪monoamine oxidase(MAO) ,e.g, Catecholamines (noradrenaline)
▪xanthine oxidase ,e.g,Hypoxanthine ( xanthine ( uric acid

2-Reductions : (less common than oxidation & hydrolysis)
■Microsomal 

nitrobenzene ( aniline , e.g, NO2 ( NH2
■Non microsomal
chloral hydrate ( trichloroethanol ,e.g, CCL3-CHO(CCL3-CH2OH


3-Hydrolysis :
-All are NON microsomal

-esters-C-O- and amides-C-N-                  
- e.g ,

Acetylcholine( choline+acetate

Procainamide(lidocaine)
Characteristics of phase 1 products : (After Phase I reaction )
1- inactivation (abolish "lose" the activity)
-oxidation of Phenobarbital and alcohol 

-hydrolysis of acetylcholine
2- conversion of active drug to another active one ,e.g, Diazepam ( oxazepam

3- conversion of drugs to toxic metabolites, e.g, paracetamol ( acetaminohen hepatotoxicity

4- activation of prodrug

(just reading)
-chloral hydrate ( trichloroethanol

-enalapril ( enalaprilat
-cortisone ( hydrocortisone

5- product might undergo phase 2.
» Phase 2 conjugation reactions,(synthetic reactions) :  occur mainly in Cytosol
Conjugation of drug or metabolite(phase1) with endogenous substance as methyl group , acetyl group , sulphate, amino acid or glucouronic acid.
►glucoronide conjugation

►amino acids e.g. glycine

►acetylation reaction : CH3-CO

►sulphate conjugations.SO4

►methylation reactions e.g. CH3
▫ all non microsomal except glucouronidation (catalyzed by glucuronyl transferase).
◙ Note:

Microsome :One of the small spherical vesicles derived from the endoplasmic reticulum after disruption of cells and ultracentrifugation. So basically microsomal reactions are the ones which occur in the RER.



Characteristics of phase 2 products : (After Phase II reaction conjugated)
-product=conjugate

-pharmacologically inactive 
-is more water soluble , polar

-more readily excreted in urine

Modulation of liver microsomal enzymes :

induction and inhibition
►LIVER MICROSOMAL INDUCERS  (increase the activity of the liver enzymes)
By: alcohol , cigarette smoking , barbiturates (phenobarbione, hypnotic) ,phenytoin (antiepileptic), rifampicin (Anti TB), grisofulvin (antifungal)
Enzymes induction may result in :
-↑ metabolism of the inducer
-↓ its pharmacological action(TOLERANCE = ↓ in the response of the drug.)

-↑ the metabolism of co-administered drugs (drug interactions)                       
e.g. barbiturates  and  warfarin           ( clot formation

  ( pregnancy   
   phenytoin & oral contraceptives

      rifampicin & hydrocortisone
-↑ metabolit-mediate tissue toxicity ,e.g, Paracetamol, phenacetin
-as therapy (phenobarbitone&hyperbilirubinemia)

►LIVER MICROSOMAL INHIBITOR :
cimetidine(anti-peptic ulcer), erythromycin (antibiotic), ketoconazole(antifungal), grape fruits ,isoniazid  -----treatment for TB

Enzyme inhibition may result in :

-retard the metabolism and excretion of the inhibitor and co-administered drugs.

-prolong the action of the inhibitor &co-admininstered drugs.


FACTORS AFFECTING DRUG METABOLISM :

▫ Drug reservoir--- storage binding --- Plasma Proteins, tissue localization only free proportion of drug is metabolized
▫ Genetics

      e.g Slow acetylators  & fast acetylators isoniazid

▫ Route of administration ---  first pass effect

▫ Diet

      e.g starvation can deplete glycine stores & alter glycine conjugation
▫ Dosage

       e.g toxic doses can deplete enzymes needed for detoxification
▫ Age ------- Neonates &  Elderly liver(have characteristically slow rate of metabolism)
▫ Gender (Sex)
▫ Disease


     Liver disease 
▫ Species difference

         experimental findings in animal do not necessarily translate to humans
▫ Circadian rhythm
◙ Note : 
Circadian rhythm means : 
Relating to biologic variations or rhythms with a cycle of about 24 hours.
Drug-drug interaction :

» Enzyme induction( very & very important ) (MCQ)
	Inducer
	Drug whose metabolism is enhanced

	barbiturate
	 

	Phenytoin(anti-arrithmic and anti-epiliptic drug).
	Digitoxin

	Rifampin
	oral contrceptives

	spironolactone
	 


◙ Note: Enzyme inducers decrease pharmacological action of the drug And may ultimately cause THERAPUTIC FAILUR.



» Enzyme inhibition

	Inhibitor
	Drug whose metabolism is inhibited

	Cimetidine
	Warfarin, diazepam

	Ketoconazole
	Cyclosporin


◙ Note : It increase the pharamacological activity of the drug 

And may ultimately lead to exaggerated adverse effects of the 

Inhibited drug
	First Order Kinetics
	Zero Order Kinetics

	(Concentration dependent;

 Dose independent; 

 linear;

 log plasma concentration Vs time)
	(Concentration independent;

 Dose dependent;

 nonlinear;

 log plasma concentration Vs time)

	Constant percentage (proportion) of drug is metabolized (eliminated) per unit of time
	Constant amount of drug is metabolized (eliminated) per unit of time

	Most of the drugs
	Few drugs e.g., Phenytoin

Or for 1st order-kinetics drugs if given in high doses.

	Drugs have a constant half life
	Drugs don’t have a constant half life

	In low doses
	In high doses

	Enzymes are not saturated because free drug concentration is low
	Enzymes are saturated because free drug concentration is high

	 Rate of Metabolism (V) ( Conc. Of 

free drug (C)
	Rate of metabolism remains constant over time ( i.e., not ( conc. of free drug) 





Excretion
►route of 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.

           -     renal excretion = (G.F) + ( T.S) - (T.R)

[G.F: glomerular filtration, T.S: tubular secretion, T.R:tubular reabsorption]
◙ note: renal failure can cause accumulation of drugs because  

  -    Contraindicated:
· In case of renal failure.

· In case of elderly.( GFR ↓)
Glomerular Filtration:  -MCQ-

· Only free drug (not bound to albumin).
· Not influenced by lipid solubility & pH

· Low MW drug (drug molecules below 20000).

· Renal plasma flow  = 600 ml/min.

· GFR 20% of  renal plasma flow (RPF) = 125 ml/min.



Factors affecting Glomerular filtration :
         1) Renal blood flow

         2) GFR

         3) Plasma drug concentration

         4) Plasma protein binding

         5) molecular size & shape of drug
         6) Drug interaction
◙ NOTE:

1,2,3 if inreased they increase GFR

4,5 if increased they decrease GFR of a drug
Active Tubular Secretion: 

primary in the proximal tubule
· 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( asprin ), sulphonamides, penicillin, glucouronide conjugate, sulphate conjugate.

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

◙ Note : probemecid is inert , it has no activity . it only bind to the receptor of penicillin ,so penicillin will no more attach to the receptor of it . 
2- System for Basic Drugs:

e.g.: atropine, morphine



Passive Tubular Reabsorption: -MCQ-

· mainly in convoluted tubules and collecting ducts.
· 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.

Ion trapping :

-    alteration of the pH of the urine may be used to minimize the reabsorption       and ↑ the clearance . 
· Urine is normally slightly acidic and favors excretion of basic drugs.

· Acidification of urine ( increased excretion of basic drugs.(morphine)

· Alkalization of urine ( increased excretion of acidic drugs.( aspirin, barbiturate)

◙ Note :
» the pH of the urine is acidic and it's equal to 5.3 . 
» ionization means : half of the drug will be water soluble 

►Acidification of urine :
· By:

· ammonium chloride.
►Alkalization of Urine:

· By:

· sodium bicarbonate.

Biliary Excretion:

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

· maximum CL hepatic (hepatic clearance) = hepatic blood flow (1500 ml/min)

· Biliary excretion used to treat biliary infection.

· Plays a role in the removal of conjugated metabolites particularly glucouronides.

Enterohepatic Circulation:  -MCQ-
· drugs excreted in the bile in the form Glucouronides will be hydrolyzed in intestine by flora liberating free drugs that can be reabsorbed back.

· This prolongs the action of the drug.
◙ Note : 
»Bile passes into the intestine where drugs if lipid soluble, is reabsorbed again and cycle is repeated.

» factors increase the duration of the drug effect :

 drug binding -
- entrohepatic circulation 


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).
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Clearance, like volume of distribution, may be defined with respect to blood (CLb), plasma (CLp), or unbound in water (CLu), depending on the concentration measured.
-     CL total = CL renal + CL hepatic + CL others
· Is ratio between concentration of drug that eliminated by all routes of excretion to concentration of drug in the blood.

· If the renal artery contains 100mg/100ml of the drug and the renal vein contains 0mg/100ml

== so the clearance is 100 ml/min.

If the renal artery contains 100mg/100ml and the renal vein contains 50mg/100ml

== so the clearance is 50ml/min.

Which means that every minutes, 50 ml of the plasma is CLEARED from the drug.

Renal clearance:

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

◙ Note :

If all drug is removed from the blood as it traverses thru the kidneys, the extraction ratio is one, & renal clearance will be equal to renal plasma flow

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).

· determine the dosing interval frequency of administration .
Short Plasma Half Life:

· Short duration of action.

· E.g. benzylpenicillin
· drugs with very short half life are given by constant I/V infusion for a prolong effect .

Long Plasma Half Life:

· Long duration of action.

· E.g. digoxin.


Factors affecting plasma Half-Life (t1/2):
-    all factors affecting metabolism ( ↓ first pass metabolism ) 

-    all factors affecting excretion 

-    entrohepatic recycle  ( ↑ plasma Half-Life
-    plasma protein binding and vd ( ↑ plasma Half-Life
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.

-     If there is change in dose or dosing interval, it will affect the plasma       concentration, but it will not affect the time to reach the steady state (except in case of loading dose) 

Loading Dose: -MCQ-
· is the large initial dose that is given till the required therapeutic plasma level is rapidly reached.

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

· These doses balance the clearance of the drug.
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