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BIOTRANSFORMATION
(Metabolism) -~ P©<® 6

+¢ These are: the chemical changes that occur to drugs after absorption until

excretion.
*+

e Drug metabolism occurs mainly in the(liver) @also in other organs, e.g.
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intestinal lumen or wall, lung, plasma, skin and kidney.

e The aim of drug metabolism is the conversion of the lipophilic drug to a
more polar (hydrophilic, ionized) metabolite which is easily excreted in
urine.

sebbaisn Aye'= <= @ The hydrophilic drugs usually do not undergo metabolism and secreted

SRR .

seopo” 9% unchanged in urine
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s Types of Biotransformation Reactions

Phase I (Non-Synthetic) P> bums ¥

e Phase I reactions include: oxidation - reduction - hydrolysis.~ 0{’3 P any

e The most important reaction is oxidation by cytochrome P450
enzyme system.
e Phase I reactions result in unmasking of a polar group (-OH, -SH, or -

NHz) — an iOIliZed metabolite that can be easily excreted.
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Phase II (Synthetic)
DAL e An endogenous substrate, (e.g. glucuronic acid, glycine, glutathione,
Nppude ), 225 sulfate or acetic acid) is conjugated with the functional group of the
Mebnbolic )‘@ o(rg) dﬂ_g or its metabolite rc3”.n0nt0xic highly polar, rapidly eliminated

A
conjugates. Vb
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+eThe most important is conjugated with glucuronic acid.
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Phase I reactions
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b @ s> o The most important is cytochrome P450 oxidases (mixed “r
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function oxidases) which are hepatic microsomal enzymes Sl
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2 >|\)"—N < CYP is further classzfed by family, subfamily & gene into many isozymes. The name of
each one is designated by the term CYP followed by 3 characters e.g. CYP 2C9:

1. The first Arabic numeral represents the family.
2. The alphabetic letter represents the subfamily.

3.The second Arabic numeral represents the individual gene within the subfamily.
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Xanthine oxidase: converts xanthine —» uric acid s UsPpenss

Monoamine oxidase (MAO): oxidizes catecholamines & serotonin L--l'{a" Zy)oe Vo
e d
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B. Reduction: e i

Foeml 5 L (,:,JT «— - Nitroreductase — chloramphenicol - <=~ ote -

- Carbonyl reductase — naloxone 56 coiomaso
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: Chloramphenic

C. Hydrolysis:

e [t occurs mainly non-microsomal (in plasma and body fluids) —
- Cholinestrase — Ach. oy diww! =

- Peptidase — insulin

ewesen ) 3" 25 % Consequences of phase I reactions:
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Ay e The activity of the drug is modified in one of the following ways:
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1- Active drugs — inactive drugs (occurs with most drugs).
Abler

o0\ o+ 2- Inactive drugs (prodrugs) ”—”’factive drugs, e.g. cortisone to cortisol,
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3- Active drug — another active one, e.g. codeiné to to morphme o
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4- Active drug —> a toxic metabolite e.g. methanol —> formaldehyde — H

o)l ALy ¢ 07 Lie 00 < retinotoxic & paracetamol — toxic metabolite (NAPQI) — hepatotoxic = [
[ mion 28D ) case of toxicity
\ e . o A
e o U_-‘P dees lé :uomINE d\
o { ecton, USP v 8
Md,ww'&sw-'/s iy £ Lgns Toviiy ) VL= e Ty £y
3!

o\l’.»?u-ll J,.Ta 5! :/,:)93\,:‘?’&\’)3&"55:):@ 17 ~.
/5 o+ 'm‘“‘b J].»szu—’—




Microsomal enzymes Non-microsomal enzymes

ol [ Site: in the liver, in microsomes of ER. So, | Present in liver, GIT, lung, kidney, plasma,
@' 7 | they are called hepatic microsomal enzymes | skin: in cytoplasm and mitochondria L, D2 A
ofgnr S 1> Lot
Reactions: Fosal, . | Reactions:
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Phase-I: Oxidation 9P “5° * Phase-I: Oxidation ‘*Mdc;f’ wse e 7 ‘:\Pﬂ
Reduction Reduction
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I g d"; < Hydrolysis (few reactions) Hydrolysis (mostly)
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Phase-II: Glucuronic a. conjugation Only Phase-II: All Conjugations Except Glucuronic Lo 2 &3
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Lipophilic , hydrophilic drugs (to terminate ]|
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erzgee % Factors Affecting Biotransformation:

+ 1. Drugs: (Enzyme induction & enzyme inhibition).
e Some drugs and environmental substances can induce or inhibit the

microsomal enzyme activity and lead to undesirable drug interactions
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Clinical significance of Enzyme Induction:  *°

ackichy of XL 4y o *~Drugs stimulating the microsomal enzyme systems = 1 activity =
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e 1 their own metabolism — tolerance ¢.g. phenobaritone.” b=

E\- Metnbstismn JI/:JJJ/LZ
e T metabolism of other drugs metabolized by these enzymes and are
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= iven at same time— drug interactions e.g.: eyt e
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e Enzyme induction is reversible. It occurs over a few days-months and

passes off over 2-3 weeks after withdrawal of the inducer.

Examples of Enzyme Inducers
Phenytoin & carbamazepine- phenobarbitone — rifampicin -

griseofulvin - & androgen- nicotine- chronic alcohol ingestion.

Clinical significance of Enzyme Inhibition:
% Drugs inhibiting the microsomal enzyme systems = | activity =

e | their own metabolism —1 drug level.

e | metabolism of other drugs metabolized by these enzymes — drug
interactions e.g.:
- Ciprofloxacin — | warfarin metabolism — bleeding
- Cimetidine — | carbamazepine metabolism — toxicity

e It occurs faster than enzyme induction.

Examples of Enzyme Inhibitors
Cimetidine- chloramphenicol - ciprofloxacin- erythromycin - ketocenazol -

Q (F) estrogen, progesterone, contraceptive pills.

2. Pathological factors which affect hepatic activity e.g. liver failure

starvation, cancer — | activity of HME — need to adjust dose.

3. Pharmacogenetic variations in metabolizing enzymes e.g. slow &

fast acetylators (see pharmacogenetics).
4. Hepatic blood flow: drugs | hepatic blood flow — |drug matabolism
5. Age: | enzymatic activity in extremities of age

e Premature babies have | conjugate of chloramphenicol — fatal
gray baby syndrome.
6. Sex: female sex hormones are HME inhibitors — receive lower doses

than male.
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