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	Drug Metabolism: Phase I and Phase II Metabolism

	· Introduction: 

· Lipophilic drug properties that promote passage through biological membranes and facilitate reaching site to drug action inhibit drug excretion. 

· Note: renal excretion of unchanged drug contributes modestly, since the unchanged, lipophilic drug is easily reabsorbed through renal tubular membranes. 

· Biotransformation of xenobiotics to more hydrophilic molecules is required for elimination from the body 

· Biotransformation reactions produces more polar, hydrophilic, biologically inactive molecules -- that are more readily excreted. 

· Sometimes metabolites retain biological activity and may be toxic. 

· Drug biotransformation mechanisms are described as either phase I or phase II reaction types. 

· Phase I and Phase II Reactions -- Overview 

· Phase I characteristics: 

· Parent drug is altered by introducing or exposing a functional group (-OH,-NH2, -SH) 

· Drugs transformed by phase I reactions usually lose pharmacological activity (occasionally activity may be altered, retained, or even enhanced) 

· Inactive, prodrugs are converted by phase I reactions to biologically-active metabolites {perhaps through ester or amide linkage hydrolysis} 

· Phase I reaction products may: 

· be directly excreted in the urine 

· react with endogenous compounds to form water soluble conjugates. 

· Phase II characteristics: 

· Parent drug participates in conjugation reactions that: 

· form covalent linkage between a parent compound functional group and: 

· glucuronic acid 

· sulfate 

· glutathione 

· amino acids 

· acetate 

· Conjugates are: 

· highly polar 

· generally inactive 

· exception to the rule: morphine glucuronide metabolite-- more potent analgesic then parent compound 

· rapidly excreted in the urine 

· High molecular weight conjugates: 

0. excreted in the bile 

1. conjugate bond may be cleaved by intestinal flora 

2. parent drug released back to the systemic circulation 

3. this process, "enterohepatic recirculation": 

3. delayed parent drug elimination 

3. prolongation of drug effect 

1. Phase II reactions preceding Phase I reactions: 

1. Example: 

· Hydrazide moiety of isoniazid -- forms N-acetyl conjugate (phase II reaction) 

· Conjugate is a substrate for phase I reaction -- hydrolysis to isonicotinic acid 

· Typically phase I reactions precede phase II reactions. 

· Principal Organs for Biotransformation: 

· Principal Organ: Liver 

· Other metabolizing organs: 

· gastrointestinal tract 

· lungs 

· skin 

· kidney 

· Sequence I 

. oral administration (isoproterenol, meperidine, pentazocine, morphine) 

A. absorbed intact (small intestine) 

B. transported first to the liver (portal system) and 

C. extensive metabolism -- first-pass effect 

· Sequence II 

A. oral administration: (clonazepam, chlorpromazine) 

B. absorbed intact (small intestine) 

C. extensive intestinal metabolism -- contributing to overall first-pass effect 

· Issues in bioavailability: 

· First pass effect: bioavailability of orally administered drugs -- so limited -- alternative routes of administration must be used 

· Intestinal flora may metabolize drugs 

· Drugs: unstable in gastric acid-- penicillin 

· Drugs: metabolized by digestive enzymes -- insulin 

· Drugs: metabolized by intestinal wall enzymes-- sympathomimetic catecholamines 


· Mixed function oxidase System--Phase I Reactions 

· Microsomes have been used to study mixed function oxidases 
· Drug metabolizing enzymes: 

· located in lipophilic, hepatic endoplasmic reticulum membranes 

· Following homogenization and fractionation of the liver, vesicles are formed: microsomes 

· Microsomes: morphological and functional characteristics of intact membranes retained: 

· rough and smooth endoplasmic reticulum 

· rough endoplasmic reticulum: protein synthesis 

· smooth endoplasmic reticulum: contains enzymes responsible for drug metabolism 

· Smooth endoplasmic reticulum contains: 

· mixed function oxidases (MFOs)-- monooxygenases: requires 

· reducing agent (NADPH) and molecular oxygen 

· The reaction: 

· one molecule oxygen is consumed per substrate molecule 

· one oxygen atom -- appears in the product; the other in the form of water 

· Oxidation-Reduction Process: 

· Two important microsomal enzymes: 

. flavoprotein--NADPH cytochrome P450 reductase 

. one mole of NADPH cytochrome P450 reductase contains: 

. flavin mononucleotide (FMN) 

. flavin adenine dinucleotide (FAD) 

. Since cytochrome c may serve as an electron acceptor, this enzyme is often called NADPH cytochrome c reductase 

A. Cytochrome P450: -- terminal oxidase 

A. multiple forms 

A. named cytochrome P450 because: 

A. the reduced (ferrous) form, binds carbon monoxide: -- the resulting complex exhibits of absorption maximum at 450 nm. 

A. The abundance of cytochrome P450 compared to NADPH cytochrome c reductase results in cytochrome P450 heme reduction being a rate-limiting step in hepatic drug oxidation 

A. The Cycle:  [requires cytochrome P450, cytochrome P450 reductase, NADPH, molecular oxygen] 

0. Oxidized (Fe3+) cytochrome P450 combines with the drug to form a binary complex--step 1 

1. NADPH donates in electron to flavoprotein reductase, which then reduces oxidized cytochrome P450-drug complex --step 2 

2. Second electron introduced from NADPH, using the same flavoprotein reductase -- serving to: 

2. reduce molecular oxygen and 
2. to form an "activated oxygen-cytochrome P450-substrate"-step 3 

3. This "activated complex" transfers "activated" Oxygen to the drug substrate, forming the oxidized product --step 4 

· Cytochrome P450 Enzyme Induction: 

· Following repeated administration, some drugs (induce) cytochrome P450: 

· increase enzyme synthesis rate 

· reduced enzyme degradation rate 

· Induction: increased metabolism of the inducer and of other certain other drugs 

· cytochrome P450 induction may increase the concentration of toxic metabolites 

· Different cytochrome P450 forms (with different substrates (drug) specificities) may be induced: Examples -- 

· CYP2B1 -- induced by phenobarbital 

· CYP1A1 -- induced by polycyclic aromatic hydrocarbons (PAHs) 

· prototypes: 

1. benzo[a]pyrene 

2. 3-methylcholanthrene 

· CYP3A: induced by -- 

· glucocorticoids 

· macrolide antibiotics (erythromycin, clarithromycin and azithromycin) 

· anticonvulsants 

· CYP2E1: induced by-- 

· isoniazid 

· ethanol 

· activates carcinogenic nitrosamines 

· CYP4A: induced by -- 

· clofibrate (VLDL-lowering drug) 

· CYP4A -- -hydroxylation of: 

· leukotrienes 

· prostaglandins 

· several fatty acids 

· Environmental pollutants that induce cytochrome P450 enzymes: 

· CYP1A1 induction: 

0. benzo[a]pyrene 

1. polycyclic aromatic hydrocarbons constituents of: 

1. tobacco smoke 

1. organic pyrolysis products 

1. Other environmental compounds that induce cytochrome P450s: 

0. polychlorinated biphenyls (PCBs) 

1. dioxin (TCDD) 

1. 
1. activation of cytoplasmic receptor 

1. translocation of inducer-receptor complex to the nucleus 

1. activation of gene regulatory elements 

1. CYP3A levels may be increased by reducing degradation rates: 

· troleandomycin "induction" acts by this mechanism 

· Cytochrome P450 enzyme inhibition: 

· Certain drugs, by binding to the cytochrome component, act to competitively inhibit metabolism. Examples: 

· Cimetadine (anti-ulcer --H2 receptor blocker) and ketoconazole (antifungal) bind to the heme iron a cytochrome P450, reducing the metabolism of: 

· testosterone 

· other coadministered drugs 

· Mechanism of Action: competitive inhibition 

· Catalytic inactivation: 

· Macrolide antibiotics (troleandomycin, erythromycin), metabolized by CYP3A: 

· metabolites complex with cytochrome heme-iron: producing a complex that is catalytically inactive. 

· Chloramphenicol: metabolized by cytochrome P450 to an alkylating metabolite that inactivated cytochrome P450 

· Other inactivators: Mechanism of Action: -- targeting the heme moiety: 

· steroids: 

· ethinyl estradiol 

· norethindrone 

· spironolactone 

· anesthetics: 

· fluroxene 

· others: 

· propylthiouracil 

· ethchlorvynol 

· Human Liver cytochrome P450 Enzymes 

· Major human cytochrome P450 forms: 

· CYP1A2, 2A6, 2C9, 2D6, 2E1, 3A4 

· These forms catalyze most of hepatic drug and xenobiotic metabolism 

· CYP3A4: responsible for hepatic metabolism of more than 60% of clinically prescribe drugs 

· in vitro screening allows determination of individual P450 involvement in a given drug's metabolism. 

· Phase II Metabolism 

· Some phase II reactions: 

· Conjugation reactions (involving parent drug or phase 1 metabolite) 

· Usually "detoxification reaction 

· Conjugates: 

· more polar 

· easily excreted 

· typically inactive 

· Conjugation: 

· involves "high-energy" intermediates and 

· specific transfer enzymes (microsomal or cytosolic transferases) 

· Transferases 

· catalyzes coupling of an endogenous substance with a drug 

· uridine-5'-diphosphate (UDP) derivative of glucuronic acid with a drug 

· incatalyzes inactivated drug within endogenous substrate 

· for example: S-CoA derivative of benzoic acid within endogenous substrate. 

· Toxicity
· certain conjugation reactions: form toxic reactive species (hepatotoxicity) 

· Example: 

0. acyl glucuronidation nonsteroidal antiinflammatory drugs 

1. N-acetylation of isoniazid 

1. Drugs metabolized to toxic products: 
1. acetaminophen hepatotoxicity -- normally safe in therapeutic doses 

1. Therapeutic doses: 

· glucuronidation + sulfation to conjugates (95% of excreted metabolites); 5% due to alternative cytochrome P450 depending glutathione (GSH) conjugation pathway 

· At high doses: 

· glucuronidation and sulfation pathways become saturated 

· cytochrome P450 dependent pathway: now more important 

· with depletion of hepatic glutathione, hepatotoxic, reactive, electrophilic metabolites are formed 
· Antidotes: N-acetylcysteine, cysteamine 
· N-acetylcysteine: protects patients from fulminant hepatotoxicity and death following acetaminophen overdose. 
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