Drug Metabolism (pharm 9)

Dr. Flexner
KNOW (1) General Types of Chem. Rxn in drug metabolism, the enzymes that catalzyse them and where they reside

(2) Definition of first-pass effect and strategies to circumvent it


(3) Basic Mx for inhibition and induction of drug metabolizing enzymes


(4) How genetic differences may account for individual variability in the clearance rates of some drugs

Toxicity:  generation of toxic/teratogenic metabolites of a benign parent drug. (ex: thalidomide(focomelia)
Activity:  generation of active metabolites of a parent drug. (ex: saldane)
Interactions:  unexpected increase or decrease in drug conc. in the present of an inhibitor or inducer of metabolism.

Most drugs metabolites are biologically inert, occasionally active or toxic metabolites are made

Most oral drugs must pass through portal system first = 1st Pass metabolism
(oral(intestine(portal vein(LIVER(hepatic vein (systemic circulation ( hepatic artery

High Extraction rate = for drugs  avidly metabolized by hepatocytes.  (clearance depends on liver blood flow)
First-pass metabolism:  few highly-extracted drugs reach systemic blood. D

drugs with low extraction have negligible first-pass effects.

( circumvented by ∆route of delivery or by ∆ the rate of metabolism (ex: add inhibitor)


  -IV, sublingual, transdermal, rectal
Role of the Liver
-Liver uses P450s to oxidize parent drug into more polar (water-soluble) conjugates, allowing easier excretion.  

-Fat soluble metabolites cant be made more polar by P450’s are conjugated and adducted w/ bile ( stool.
-Phase I and II enzymes are microsomal (membrane associated), often located in the smooth ER membrane.
PHASE I reactions: (Direct chemical transformation of molecules)
-Oxidation, reduction, and hydrolysis .

-Carried out by CYP450 enzymes, or mixed-fxn oxidases-catalyze these various reactions in different directions. 
- CYP450 use iron as the final election donor or acceptor.  Usually oxidize drugs.
-There are various classes, but CPY3A4 and CPY2D6 are the most important for drug metabolism.  
-CYP450 located on cytoplasmic side of smooth ER membrane.

PHASE II reactions “Conjugation reactions,” 

-glucuronidation, acetylation, methylation, sulfation.
-Enzymes include  glucuronyl transferases, n-acetyl transferases, S-adenosylmethionine T, sulfotransferase
Conjugative enzymes located on lumenal side of smooth ER membrane.

Non-microsomal and extra-hepatic drug metabolism
Some enzymes are cytosolic or mitochondrial. (monoamine oxidase, proteases, alcohol and aldehyde dehydrogenases)

(ethanol ( acetaldehyde via alcohol dehydrogenase)

(acetaldehyde ( acetic acid via aldehyde dehydrogenase.  BLOCKED by Antabuse)
-P450’s are located in most tissues. Intestinal CYP3A4 may ↓bioavailability and cause high 1st-pass metabolism.
-Glucuronyl transferases are present in the kidney.
-N-acetyltransferase present in many tissues (ex: muscle) involved in acetylation reaction
Drugs can be Cytochrome P450 Substrates, Inhibitors, and Inducers
Inhibition and Induction of Metabolism
Inhibition of P450’s by drugs or xenobiotics is competitive and reversible and can prevent 1st pass metabolism
   Ex: Cimetidine (anti-ulcer), erythromycin (macrolide antibiotic), and 
ketoconazole (anti-fungal).  
         Inhibition is used clinically in the case of Antabuse (disulfiram), which inhibits aldehyde dehydrogenase.

Induction of P450’s occurs by transactivation, leading to increased mRNA.  This is often highly 
class specific among the P450’s, but is always mediated by drug binding to upstream 
DNA enhancer elements.

Ex: phenobarbital and carbamazepine (anti-convulsants) and rifampin (antibiotic).  

Rifampin induces 3A4, causing increased clearance of many drugs, like contraceptives.

RULE OF THUMB: Most potent inducer leads to fastest clearance of other drugs

(Unlike Inhibitors, Inducers are not imm. reversible: 2 weeks to steady state (CYTp450 ½ life ≈ 3 days)
Age and Metabolism
Neonates = not enough glucuronyl tranferases, ( susceptible to Phase II 
metab drugs such as sulfa drugs, bilirubin)
Elderly patients = reduced liver blood flow, with resulting reduced Phase I metabolism. (drugs will have ↑ t1/2)


   So Start Low and Go Slow
  Phase II reactions are well-preserved with age and severe liver disease!
Liver disease affects drug clearance (Phase I reactions) in two ways:


--fibrosis ↓ blood flow, ↓ first-pass effects ( high [parent drug].


--loss of hepatocytes reduces magnitude of Phase I biotransformations
Note: Some Cyt P450 enzymes involved in endogenous substrates such as hormones
METABOLISM AND PHARMACOGENETICS

-Polymorphisms in drug metabolism include altered amounts of enzyme or mutations leading to dysfunctional enzyme

-Sometimes (CYP2D6 polymorphism) is due to number of functional genes expressing the enzyme


SOME EVIDENCE: ID twins have same rate of metabolism but faternal twins do not

-Have Slow metabolizers and Rapid metabolizers: Bimodal Distribution due to genetic polymorphism of N-AT

Examples for Later: Coumadin (anticoagulant)

Isonizid (Antibiotic for TB)



      Dapson (antibiotic)


Succinlcholine (anesthetic)
SEE CHART ON LAST PAGE: http://medicine.iupui.edu/flockhart for drugs metabolized by known P450s
