Drugs and the Liver

Phase I metabolism uses oxidation reactions to break down drugs into metabolites.  


Oxidation reactions are catalyzed by P450 enzymes, which have substrate specificity.

Polymorphisms for various P450 enzymes may account for toxicity of certain drugs.

  
Some metabolites are highly electrophilic and react with cellular macromolecules, 


causing liver damage and cytokine release.
Phase II metabolism conjugates drugs to glutathione and glucuronic acid (both powerful antioxidants).  


Conjugation is catalyzed by transferase enzymes, which have substrate specificity.  
Conjugated products are non-toxic and water soluble.

Low MW drugs are excreted in urine.  High MW drugs are excreted in bile/stool.

P-glycoprotein is a carrier protein that moves metabolites into bile.
Oral bioavailability = 1 – (extraction ratio)

Drugs with a high extraction ratio (1st pass metabolism) have low oral bioavailability.  


These drugs require very different dosing for oral versus IV administration.
Drugs with a low extraction ratio have similar dosing for oral versus IV administration.
Hepatic clearance  = (blood flow)(extraction ratio)

Drugs with a high extraction ratio have their clearance determined only by blood flow (“flow-limited”).
Drugs with a low extraction ratio have their clearance determined by enzyme activity.
Effects of Cirrhosis on Drug Metabolism
Drugs with a high extraction ratio are no longer flow-limited in cirrhosis.  Changes in liver blood flow 
don’t affect drug clearance.  1st pass metabolism is decreased.  Oral bioavailability increases.

Metabolism of these drugs begins to mimic that of low extraction drugs.


Oral administration of high extraction drugs during cirrhosis requires a much smaller dose.
Drugs with a low extraction ratio show decreased clearance because P450 enzyme activity decreases 
with cirrhosis.  
**Phase I metabolism is far more affected than Phase II metabolism by cirrhosis.
Also, cirrhosis leads to low serum albumin, so more drug is free/active in the serum.

Drug-induced Liver Disease
Drugs may cause fulminant liver failure, necrosis, hepatitis, granulomas, fibrosis, or tumors.
Hepatotoxins may be intrinsic (dose-related) or idiosyncratic.
Necrosis or hepatitis will have elevated ALT and an ALT:AlkPhos ratio >5.
Intrahepatic cholestasis will have elevated AlkPhos and an ALT:AlkPhos ratio <2.
Acetaminophen hepatoxicity
Normally, acetaminophen is metabolized by Phase II conjugation into non-toxic metabolites.
A small percentage is metabolized by P450 enzyme 2E1 into N-acetyl-p-benzoquinone imine (NAPQI).

Alcohol activates CYP2E1 and induces this second pathway, so that much more acetaminophen 
is metabolized by Phase I oxidation than by Phase II conjugation.  


Alcohol also sequesters/depletes glutathione.
NAPQI binds intracellular macromolecules, induces apoptosis, and sequesters glutathione.

Treat acetaminophen toxicity with N-acetyl cysteine, but only if caught within the first 16 hours.  


N-acetyl cysteine helps to rapidly restore glutathione.
