Pharmacokinetics : Absorption and Distribution (www.icp.org.nz)

Routes of Administration

· The way a drug is introduced into the body

· For each route of administration, there should be a suitably prepared dosage form:

Injections – iv, im (intra-muscular), sc (subcutaneous) etc.


Oral – tablet, capsule, suspension, liquids

· Oral administration

· Advantages:



Safest



most convenient



most economical

· Disadvantages:



Limited absorption and high first-pass



Emesis (irritation to the GI mucosa)



Cannot use if patient is unconscious or dysphagic



Need patient compliance

· deliver drug to site of lesion (eg. Topical cream for skin lesion, blood-brain barrier)

· urgency of need

· patient compliance

Absorption after oral administration

· Disintegration/partial dissolution in the stomach

· Complete dissolution and passage to the small intestine which is the main site of absorption for all drugs (drugs in solution, large surface area and good blood flow)

· Absorption through passage of drugs across GI membranes which are like a "lipoid sieve“

· the main mechanism is through Passive Diffusion across cell membranes, therefore it is the non-ionized (uncharged) form that are absorbed and not the ionized (charged) form


· transport mechanisms e.g. large neutral amino acid (LNAA) transporters, oligopeptide (PEPT1) transporters 

First-pass effect (liver loss) and GI loss of drugs 

· Drugs can be lost through GI by metabolism and/or efflux at intestinal enterocytes e.g. cyclosporine (P-glycoprotein / MDR1 / ABCB1)

· Rapid  and  extensive  loss  (by  metabolic elimination in liver and biliary excretion)  of some  drugs  in  the  first  passage  through the liver  before  reaching  systemic  circulation (pre-systemic elimination)

· Drugs with high first pass e.g. morphine, salbutamol

· avoided through iv, intra-nasal, sublingual, subcutaneous, intramuscular, per rectum (goes to both portal and systemic veins)

Bioavailability

· Rate and Extent  (% amount) of  unchanged  drug absorbed  into  the  systemic  circulation from a particular  dosage form

· Estimation of bioavailability

· By COMPARING the total Area Under the Concentration-time curve (AUC) of the dosage  form  with  that  of  a  reference standard (containing the same drug)

· AUC measures the extent (% amount) absorbed into  the  systemic  circulation but not the rate

Factors affecting absorption/bioavailability

· Drug factors:

· Dosage forms – solid or liquid

· Rate of disintegration

· Rate of dissolution

· Lipid solubility

· Excipients (holds the drug together)

Factors affecting absorption/bioavailability

· Gastric Emptying rate:

· delayed emptying into  intestines may result in  delayed onset and increased  gastric loss

· GI motility

· Too rapid GI motility:  less  time for dissolution 

· Too slow GI motility: more  time for GI loss

· pH in GI fluids:

· Only non-ionized form is absorbed

· A change in pH may increase or decrease the portion of the non-ionized form

· Changes in first-pass

· Changes in blood flow

· GI disease

Food-drug and drug-drug Interactions

· Food usually decreases drug absorption, but there are exceptions e.g. propranolol

· Formation of insoluble complexes, e.g. chelation of tetracyclines with antacid (or milk)

· Drugs affecting GE rate and GI motility

Drug Distribution

· Refers to the distribution of drugs from the blood to all other parts of the body

· Distribution characteristics:

· Physico-chemical properties of drug 

· Blood  flow  through  organs

· Permeability/transport through  membranes

· Binding  affinity  of  drug  to  proteins

· pH difference  of  biological  fluids

Movement of drug across membrane

· Non-ionized (uncharged) molecule can diffuse readily across cell membrane

· Most drugs are weak acids or weak bases

· So transmembrane distribution depends on the pKa of drug and the pH gradient across the membrane 

Apparent Volume of Distribution (Vd) 

· Volume = Amount / concentration

· Vd is a constant with no physiological, anatomical meaning

Factors affecting Vd

· Plasma protein and tissue binding

· IF drug is bound to plasma proteins but little to tissue (muscles & fat),  Vd will be SMALL

· weak acidic drugs e.g. warfarin - 0.1L/kg body wt

· IF drug is highly bound to tissue (muscles and fat), Vd will be LARGE

· weak basic drugs e.g. nortriptyline - 18-20L/kg body wt

· The two are not mutually exclusive

Clinical application of Vd

· information on where is the  drug (in plasma or in  tissues?)

· calculation of total amount  in body once plasma  concentration is determined

· calculation of loading dose

· Loading dose = plasma concentration x Vd

· If oral, bioavailability should be included


Metabolism and excretion

· Hepatic Metabolism (metab occurs mostly in the liver)

· Renal Excretion (drug excreted mainly through kidneys)

Drug Metabolism

· Metabolism or Biotransformation (BTF) is the conversion (enzymatic reactions) of lipid soluble drug into polar "metabolites" for excretion

· Most metabolites become inactive

Classification of metabolic reactions

· Phase  I  (Non-Synthetic)  e.g.   [O],  [OH],  [H]

· Phase II (Synthetic) e.g. conjugations with glucuronic acid, sulphate, glutathione

Some Important Drug Metabolizing enzymes

· Microsomal Mixed Function Oxidase (MFO) of smooth endoplasmic reticulum of hepatocyte; 


e.g. Cytochrome P450 (CYP) enzymes (oxidation).


CYP 1,2,3 each further divided into subfamilies A-E & numerals


e.g. CYP1A2, CYP2D6, CYP2C19, CYP3A4 (most)

· Microsomal glucuronyl transferase  

· Non-microsomal conjugating enzymes

Some Characteristics of MFO System

· non specificity (many CYP isozymes)

· highly susceptible to induction and inhibition

· marked interindividual variation in activity

· may activate some drugs to toxic intermediates

· may exhibit genetic polymorphism (CYP2D6)

Characteristics of Drug Metabolites

· Formation: parallel, consecutive

·  Activity: usually inactive, sometimes less or more active

Clinical  implications:

· Inactive metabolites – end effects (drug eliminated)

· Cumulative effects if metabolites are active

· Active metabolite may induce toxicity e.g.  paracetamol 


Factors affecting metabolism

· pharmacological factors enzyme  induction  and  inhibition

· pharmacogenetic factors e.g. hydroxylation (CYP2D6)

· physiological factors like age e.g. neonates,  children,  elderly

· pathological factors  e.g. liver disease

Enzyme Induction: MICROSOMAL enzymes

· Carbamazepine        MFO           Warfarin metab-rate            PDC  

· Anticoagulant Activity         "UNDER-dosage" Effect    (warfarin effect inhibited)

· NOTE:  Increase Dosage when inducer is given concurrently. 


Decrease dosage gradually when inducer is stopped.

Potent Enzyme Inducers: 

· e.g.  Antiepileptics (except diazepam), Rifampicin 


Others: Alcohol,  cigarette smoking.

· May cause increase in TOXIC metabolites (e.g. paracetamol in alcoholics)

· Latent  period 

· Increase in synthesis of enzyme proteins

Enzyme Inhibition: Inhibition can occur with BOTH  microsomal  and  non-microsomal  enzymes, 

· Cimetidine     Enzyme         warfarin metab-rate            PDC 

· "OVER dosage" Effect (warfarin effect enhanced)

· Does  not  affect  synthesis of enzyme  proteins

· Usually COMPETITION between two substrates 

· Inhibition occurs more rapidly than induction 

Genetic Polymorphism of Drug Metabolism

· Hydroxylation Status (CYP2D6)

· Extensive (EM) and Poor (PM) Metabolizers

· Using ratio of 4-OH-Debrisoquine: Debrisoquine

                    
7% PM in Whites



1-2% PM in Orientals


· eg. codeine



ß-Blockers



some anti-depressants

Clinical Implications

· Therapeutic Effects: 

· PM Require LOWER Doses of Drug

· Adverse Effects:

· PM at higher risk of AE when  the  cause of AE is the drug itself

· EM  at higher risk of AE when  the  cause  of AE is the metabolite(s)

Hepatic Drug Clearance  (CLH)

· Volume of blood/plasma from which a drug will be cleared by Liver per unit time. Relating plasma conc to elimination rate 

Renal Excretion

· Drugs that are themselves Polar - renal excretion eliminates drug/effect from body

· Polar Metabolites of non-polar drugs  are excreted by kidney – If polar metabolites are not active,  renal excretion of these will not be important in eliminating drug effects

· Active Tubular Secretion (AS)


ACID Pump   e.g. penicillins, uric acid


BASIC Pump  e.g. procaine, choline

· Tubular Re-absorption (RA) of drug back to plasma 


PASSIVE:  drugs  with  lipid  solubility will  be  reabsorbed  passively 


ACTIVE:   lithium,  uric acid, re-absorption  by  active  process

· Renal Excretion = (GF + AS) - RA

· Creatinine Clearance (CLCR): Creatinine (endogenous) is 100% unbound, eliminated via only renal GF. CLCR in normal young adult is about 120 ml/min (GF rate)


If a drug is 90% bound, e.g. phenytoin 


CLR due to GF will be 120 x 0.1 = 12 ml/min


but  phenytoin  is  also  reabsorbed, Hence


CLR =  5 ml/min only


If a drug is actively secreted, e.g.  penicillin G


CLR  =   500 ml/min


even  though  it  is  60%  bound

Renal Drug Clearance  (CLR)

· Volume of blood/plasma from which a drug will be cleared by kidney  per  unit  time. 

· Relating plasma conc to elimination rate:

Factors Influencing renal excretion of Drugs

· Urine pH

· For Weakly Acidic Drug


IN ACID Urine  --  [NI], reabsorbed to plasma


IN ALKALINE  Urine --  [I],  excreted in urine  

· For Weakly Basic Drug



IN ACID Urine  --  excreted


IN ALKALINE Urine  -- reabsorbed

· Strong acids & bases are [I] in all urine pH, NO REABSORPTION

Very weak acids & bases, [NI] in all urine pH, MUCH REABSORPTION

· Urine Flow

· By drinking more water, Urine flow rate increases - dilutes drug concentration - reduces re-absorption 

· Plasma Protein Binding

· Bound drug will not be filtered

· Competition for active secretion

· ACID Pump:



e.g. aspirin competes with methotrexate

· State of Renal Function

· A good index of renal function status of a patient is Creatinine Clearance (CLCR)

· IF  renal   function   is   normal, 

creatinine clearance  (CLCR) =  GFR  =  120 ml/min

· Clearance of drugs that are eliminated mainly through renal excretion are very dependent on renal function of the patient

