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BIOTRANSFORMATION
(Metabolism)

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

excretion.

®
e | Drug metabolism|occurs mainly in thealso in other organs, e.g.

@or wall,@ and

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

. woder '%—aw(ﬂlvb_ P ercfak w Urin .
urine.

e The hydrophilic drugs usuaIIy undergo metabolism and secreted

unchanged in urine \ [P'W"‘ 31 Lipophiic o2y M&#WLOI;%WQA,)\ X
Mebaootiam 1\l wa® SN
< Types of Biotransformation Reactions ~ Me/bolon [/ 2 il clugp, 2N} =

Phase | (NON-SyNthetic) oSeetiuh s =fand b % i acoton Yoo sl oo 52

. GRS : S
e Phase | reactions include: oxidation - reduction - hydrolysis.

e The most important reaction is oxidation by cytochrome P450

enzyme SyStem. nyl,,,_,; ackive Aem A inacke fvm oo slod\ &,_);4, ./&L_)_ %

e Phase | reactions result in unmasking of a polar group (-OH, -SH, or -

NH>) — an ionized metabolite that can be easily excreted.

H (] Il-r s 1
Phase 11 (Synthetic) Fitfm%:?x‘ij;>”"'""’”/m Fo st pu 3 o o eole b e 4

e An endogenous substrate, (e.g. glucuronl% acid, gly%blne, glu%thione,

Stifate orBeetic acid) is conjugated with the functional group of the
drug or its metabolite — nontoxic highly polar, rapidly eliminated
conjugates.

e The most important is conjugated with glucuronic acid. (%L«mrowbﬁm>
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Phase | reactions

lier g0 455 o2ty

e The most important is cytochrome P450 oxidases “CYP” (mixed

function oxidases) which are hepatic microsomal enzymes

CYP is further classified 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:
g$\ J/,)\ 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.
mithyl Xomthine VE-(¥ 2 Job! 0% 252

e Xanthine oxidase: converts uric acid

¢ Monoamine oxidase (MAO): oxidizes catecholamines & serotonin

B. Reduction:EERETREFEgvn
et v
- Nitroreductase — chloramphenico
ﬁ'

whioslie Syl

- ivkic o o \s
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C. Hydrolysis: EEegwry mayat W ey
e It occurs mainly non-microsomal (in plasma and body fluids)
- Cholinestrase — Ach.— Aoa,M Colive —s potasapakie

© ewrpa
- Peptidase — insulin

Consequences of phase | reactions:

e The act|V|ty of the drug is modified in one of the following ways:
inolhive _/h L /.\q\.lu ,_/(41/ J\O}_‘—“
(1~ Active drugs - inactive rugs (occurs with most drugs).

2- Inactive drugs (prodrugs) — active drugs, e.g. cortisone to cortisol
aChu ] J} (VRN 'lk«d{JLr,le’ sls>

Ls
(hydrocortisone). rs oy

M\k‘a\%\"_ _—)\ achive dr J>$
3WAGtive'ditig — another active one, e.g. codeine to morphine.
4= Active drug — a toxic metabolite e.g. methanol — formaldehyde —
retinotoxic & paracetamol — toxic metabolite (NAPQI) — hepatotoxic

in case of toxicity
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toxic material

JI o »SItoxic material JI LS dlle olejya sl ol oS gule dadlall Lasagi ol Joabll ole o
oo Lualss L Ju metabolism Jb Sl deyall oy gag toXiCity Jaads aalls o515 ¢, (UL glutathione
«i6SS toxic dose JUIL conjugation J! G.,k o toxic material J!

When the hepatic blood increase
»SI metabolism dyuas (JUIL K1 drug sbas s

The young and old people have decreased metabolism

Hydrophilic drugs Jsk/ 858 aualls Juais
JI &) Wl Jolse culass o ¥ lipophilic J! ¢
extensive distribution of lipophilic
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. Glucuronide conjugation:

e Itis the most common conjugation reaction

e Glucuronide conjugates secreted in bile may be hydrolyzed by intestinal
bacteria and free drug can be reabsorbed again i.efenterohepatic
circulation»— prolong duration of drug action e.g. estrogen (so

contraceptive pills are given once daily)

. Non-Glucuronide conjugation:

v . H ,|ZWOIQ/\Z§JM‘ZWI) :
227 @ Sulphate formation e.g. steroids; ./M_D/iw;,fMM ¥

,guz/‘ Glycine conjugation e.g. salicylic acid — psae o- 31
<4 o Glutathione conjugation e.g. ethacrynic acid

\”’,V@ Acetyl conjugation (slow & rapid acetylation) e.g. isoniazid

Consequences of phase Il reactions:

Conjupmian

e Mostly result in drug inactivation

e Some exceptions can occur e.g. morphine is partially converted into
— —~—

morphine-6-glucuronide (active metabolite)

o Most of drugs is metabolizes by phase-1 followed by phase-I1 reactions

- Some drugs is metabolizes firstly by phase-1I then by phase-I

reactions e.g.fisoniazid.

- Some drugs undergo phase-1 or‘phase-11 only

o Types of enzymes responsible for biotransformation reactions ( Mefabe {m«)

(Non-microsomal Enzyme ) (Microsomal Enzyme »
—
- T~ plovek onhe Suose
Plasma Enzyme Cytoplasmic Enzyme e £R i cls
e-g, Cyt. PAGO oxidase >
or - oxidatio
Sk -
stelldse e.g. xanthine
oxidase
e.g. glu ronyttransferase
fo ® l-ll
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Microsomal enzymes Non-microsomal enzymes

Site: in the liver, in microsomes of ER] So, | Present in liver, GIT, lung, kidney, plasma,
they are called hepatic microsomal enzymes | skin: in|cytop|asm and mltochondr|a|

Reactions: Reactions:
Phase-I: Oxidation QJ\\g(D Phase-I: Oxidation (othr Hwn {u6e)
Reduction Reduction s "laj 3"";
. - H v\oy\\p\iu”g@ e
Hydrolysis (few reactions) Hydrolysis @ o~

Phase-I1: Glucuronic a. conjugation Only Phase-11: All Conjugations Except Glucuronic

_ M i) 0 O Lipophilic, hydrophilic drugs (to terminate
Substrate: lipophilic drugs & bilirubin action as succinylcholine) & natural body s
A

constituents s lcin Buc valcoshlic. ok :
Affection by drugs: Inducible-( A4y [ Non-inducible ) (S5 as)w
(_v ”\_,)\_, :‘;JIWU(IJ;’JJ_ sl Y
o \ezdi o)

< Factors Affecting Biotransformation: fir vl vy

1. Drugs: (Enzyme induction & enzyme inhibition).

e Some drugs and environmental substances can induceTor inhibit) the

microsomal enzyme activity and lead to undesirable drug interactions

Clinical significance of Enzyme Induction:

¢+ Drugs stimulating the microsomal enzyme systems - 1 activity > Tuctabolicns 2 22t 4

i . . : C 5 ol albect ) Ugg‘
e 1 their own metabolism — tolerance e.g. phenobarltorgabo £rbaf

e 1 metabolism of other drugs metabolized by these enzymes and are
given at same time— drug interactions e.g.: -1 > o A %

e
- Rifampicin —1 oral contraépﬁ?/&e metabolism — pregnancy

aslly NS : .
- Phenytoin —1 cyclospc;r“ls?]se metabolism — transplant rejection 5%/ 22/
- Rifampicin —1 warfarin metabolism — therapeutic failure.
—— S
e 7 metabolism of endogenous substrates e.g.[ phenobarbitone  —

1 elimination of bilirubin — used in trzatment of neonatal jaundice) i b=l o5k &'
2 g\ Qb
¢ 1 metabolism of vitamins e.gphenytoin™—: 1 of vit:D; vit:K; folic'acid

— osteomalacia, bleeding and megaloplastic anemia

D) 8 o T )
() esso— i
19



e Enzyme induction is reversible. It occurs over a few days-months and

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

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 |t occurs faster than enzyme induction.

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

2 (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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