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Some drugs are excreted unchanged
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Drug Metabolism
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-t '@ Metabolism is deflned as: "“’”6 RN %

.o v The irreversible blotransformatlon of drug in the body -

“"J“i’\;j‘ typically involves making it more polar to enhance renal
< excretion
not aloss
* Drug metabolism|often/converts lipophilic chemical compounds
into: B
— more hydrophilic,imore water soluble - notmal Jra,

< — have their ' ecreas (become less effective) or
Lac) &1 increased (become more effective) . Poiras
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o May be converted to |less toxic or more toxic metabolites or
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- Lipophilic substances are not eliminated efficiently by the kidney.
Consequently, most lipophilic drugs are metabolised in the liver to more

polar products, which are then excreted in urine.

- The metabolism of drugs takes place mainly in the

liver

endoplasmic reticulum of the liver cell), especially
P450 (CYP) system.

oy the

the smooth

cytochrome

- However, other organs such as the kidney, lung, intestine and placenta
can also be involved in this process. Sl o =<



Drug Metabolism
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In some occasions, the metabolite is| less water soluble!

Luwl
* A significant example is the acetyl metabolite of some of the

sulfonamides. onlbot. bor DTT
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e Some of the earlier sulfonamides are |acetylated| to relatively

insoluble metabolites which precipitated in urine, crystalluria.
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* Now the more commonly used sulfonamides have different
elimination and solubility properties and exhibit less problems. ~



Drug Metabolism
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Drug metabolism involves two kmd\ﬁ) of reaction, known as phase 1 and

phase 2, which often occur sequentlally Both phases decrease lipid

solubility, thus increasing renal elimination. C phue T 5 ph T PR SIN NP

malhs e Sry et gelax

Phase 1 Phase 2
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Drug : —> Derivative —» Conjugate Y
> 3 On <—0Oxidation Conjugation
femove 1o 4 Hydroxylation
Dealkylation
Deamination
Hydrolysis
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Example OH
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The two phases of drug metabolism
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Phases of Metabolism
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Table 11.2 Biotransformation Reactions and Pharmacologic Activity of the
Metabolite

Reaction Example hormal }ZF¢ ,,ﬁ J/\«GL
Yemove am\:;* |Active Drug to Inactiv4 Metabolite
o

- ..
Amphetamine  Deamination s Phenylacetone

Phenobarbital ~ Hydroxylation _ Hydroxyphenobarbital

remove Clly | Active Drug to Active| Metabolite

Codeine Demethylation < Morphine

084 a.a}'gl gt

i i Ac tion
Procainamide etyla :

N-acetylprocainamide

Phenylbutazone Hydroxylation Oxyphenbutazone
2 Pro- drens
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Inactive Drug to Active|Metabolite

Hetacillin IS Ampicillin
Hydrolysi s P

Sulfasalazine Azored.:ction> Sulfapyridine + 5-aminosalicylic acid

|Active Drug to Reactive lntermediate|

Acetaminophen Aromatic Reactive metabolite (hepatic necrosis)
—_— g
Hydroxylation VY © >

Benzo[alpyrene  Aromatic .. Reactive metabolite (carcinogenic)

Hydroxylation™
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Phases of Metabolism

Table 11.3 Some Common Drug Biotransformation Reactions

~ S
Phase I Reactions

Oxidation
Aromatic hydroxylation
Side chain hydroxylation
N-, O-, and S-dealkylation
Deamination
Sulfoxidation, N-oxidation
N-hydroxylation
Reduction
Azoreduction
Nitroreduction
Alcohol dehydrogenase
Hydrolysis
Ester hydrolysis
Amide hydrolysis

Phase II Reactions | Fra Fefuses |
Glucuronide conjugation Z\}J'
i

Ether glucuronide
cthel

—

Ester glucuronide

Amide(c;-]lucuronides_> malles W 3/..3_

mote lﬁtéﬂ phiAt

Peptide conjugation

—_—

Glycine conjugation (hippurate)

Methylation .~ ads W‘Jw gre- f cHy
N-methylation
O-methylation

Acetylation
Sulfate conjugation

Mercapturic acid synthesis
—_—




Phases of Metabolism

Phase 1 Reactions

pho T oo caiSiom phae T phase T g (o
Change drugs to more hydrophilic metabolites which are more readily excretedj
/}'m[ T invj 'l))j_/fi AN s (W |JA29J_ /V}M.!f IdSLe/’#-l

Introduce into the drug molecule sites fov' phase Il reactions

May be less toxic (but not always)

I/LV mMonh Vhoédo/.xm péqw

Mostly occur in the endoplasmic reticulum (microsomes) of liver cells.

Usually involve oxidation, reduction, hydrolysis or other reactions



Phase | Reaction

1<Oxidatio R N e

* Oxidation is the addition of oxygen |and/or| the removal of hydrogen,

carried out by oxidases.

« Most oxidation steps occur in the endoplasmic reticulum. & &)

 These oxidative reactions typically

and oxygen.(z)
e Common reactions include :-

involve a cytochrome P450, NADPH

» Alkyl group hydroxylation ----> alcohol

ROM
m‘e,}'aloaldsm )ﬂa
—CHZ_CH3 —_— _CH_CH3 oK l:u, ;x,,fmf[“.,-
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Phase | Reaction

» Hydroxylation of benzene: for example |phenytoin
awrna};c /i'ug_ /O}U'(;H

@ o @,, wikber solHe Conrpane

o
» Oxidation at S or N: for em] 5 l

AN S
. Reduction — 0y Gi=5) H' s+ pxidedha, c .
Add a hydrogen or remove oxygen: azo (-N=N-) or@groups (-NO2) ----- >
amJ,D_eS(NHZ) 51,24»4((4“',05.]1« (_‘\‘é;\DL;U(.p\LSJMf-‘f“J"‘J’ s
For example nitrazepam &gl

Reduction is less common in phase 1 metabolism than oxidation

warfarinl|is mactlvated by reduction of a ketone to a _ydrox | group by CYP2AG.

feduckion wpkabofasm

eXxam fla
nitra zefam




Phase | Reaction
WD et/ et e &
3. Hydrolytic Reactions (Hydrolysis)

e Addition of water with breakdown of molecule.

B, LD

“Esters ---> alcohol and acid

* For example aspirin to salicylic acid
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Phase 2 Reactions [ .. s POOSU
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* Phase 2 reactions are synthetlc (‘anabolic’) and involve .\jle

attachment of a substituent group), which usually results in inactive products,

although there are exceptions

» e.g. the active sulphate metabolite of minoxidil, a potassium channel activator
used to treat severe hypertension and (as a cream) to promote hair growth.

> Codeine ---> morphine
> Primidone ---> phenobarbital

= Qe eXom® les  of pre-afigs oo onters U b,sa ackove
bt becgmes adkive  wil mel-abobisi

Agl’-' ve mdwéakxw- mort ﬂll%
and “«% })a./b ’lma duvak ow o( ackion

* Phase 2 reactions take place mainly in the liver. If a drug molecule or phase 1
product has a suitable ‘handle’ (e.g. a hydroxyl, thiol or amino group), it is

susceptible to conjugation.
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Phase 2 Reactions #Oeur by bnwfeases ez

Conjugation Do) wre STl s
Conjugation reactions covalently add

large, polar endogenous molecules to

parent drug or Phase | metabolite -

inactive and excretable.

The chemical group inserted may be
glucuronyl, sulphate, methyl or
acetyl.

Phae 3 Gdslo_tylaic, u&A!o,YW

7

UDP-u-glucuronide

Glucuronyl transfer | UDP-glucuronyl transferase

Y

Acetylation and methylation

Glucuronide

reactions occur with acetyl-CoArand
S-adenosyl methionine, respectively,
acting as the donor groups.

hoge

Many conjugation reactions occur in
the liver, but other tissues, such as
lung and kidney, are also involved.

Drug-[i-glucuronide conjugate

The glucuronide conjugation reaction.
A glucuronyl group is transferred from uridine diphosphate
glucuronic acid (UDPGA) to a drug molecule.
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* Glucuronidation-» Adfmy glucuond miceete ?‘:ma ;a/
U amo
» This is the main conjugation reaction in the body.
> Thisoccursintheliver. . ~orflitphuc Tz,
» Aliphatic alcohols and phenols are commonly conjugated with |glucuronide. Thus
‘-“5"“'<-hydroxylated metabolites can also be conjugated. for example morphine.
(DHc);- or¢ MIQW’”WJ’V’%W Lo
Ywa l/{:.. Acylatlon g‘:“‘é aa[ 98”“\" 3]ut-w onide ““’Lf—-';fh e a2 5 st ,-” OL{W)pho I(}'”
> Acylation, 5espeC|aIIy acetylation with the@y_/l/gvio/gp)e g.[sulfonamides
* Glycine
» | Glycine addition (NH2CH2COOH) for example
e Sulfate
» Sulfate|(-SO4) for example



Factors Affecting Hepatic Metabolism

1. Age: Drugs metabolism is|slower in fetal, neonatal and elderl4l humans than
in adults.oboiebiv pic mebbbits v & L) G0 6 (S ofnc 4o = < J

2. Sex: women metabolize alcohol more slowly than men.
3. Some drugs:

» Drug metabolism can be quantitatively altered by drug interactions. This

alteration can be an increase by induction of enzyme activity or a reduction by
competitive inhibition s« o mibd et oo oS Gz s100T 54 o 2 b bl ~p (oo 3o (s L=

[Bray= dra mbaradiol] oo Gl o) 132 W OWE cow s 125"\ 27
» Certain drugs (enzyme inducers) can increase the rate of metabolism of active

drugs (enzyme induction) and thus decrease the duration and intensity of the
their action. o 241 4, Enogne indu &4t 0E Jlpo

- ' {
> The opposite is also true (enzyme inhibition). =722/ 5wl @) gs enyfme  iakibb !
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sk 0.0 Factors Affecting Hepatic Metabolism
~x G oY e
Sgons C5 Jo o WL
b Induction Mfudw#ﬁ@t:‘ﬁﬂrajﬂw. 55 oo
w LS5)r s "-J?'A«(-J_D.;—_QW!« Wade s Ayt s 9,5 154 e 2.7
Induction ~ > metabolic activity of enzf/a'me = ¢ [drug]) =

v' |E.gl Phenobarbitone will induce the metabolism of itself, phenytoin, warfarin, etc.

v’ |E.gl Cigarette smoking can cause increased elimination of theophylline éﬁgjg«s_fc;séu"}h@
Corlpf WX (e
v'|E.gl alcohol, Dosing rates may need to be increased to maintain effective plasma

. C)yre2 s
concentrations. v Y77 T

ST &Y St Uy 3 (Jw 9_{,_5)),.)\@7 Ohye srsl g wae L
. " Smy Ny Tmy >y o
v" A number of drugs, such as rifampicin, ethanol and carbamazepine,| increase| the

_activity of microsomal oxidase and conjugating systems when administered

_\/\/\/_/\/\M " _ . .
repeatedly. = eneghe 5 A L\

v' Enzyme induction can increase drug toxicity and carcinogenicity, because several
phase 1 metabolites are toxic or carcinogenic.  *L=Euss Yabioed o 3o Lol pi & (o

'e ara kel N
v" An important example is paracetamol, a drug with a highly toxic@ﬂ);,ﬁf@

mikabo fism =t o] w




Factors Affecting Hepatic Metabolism

* Enzyme induction is exploited therapeutically by administering
phenobarbital to premature babies to induce glucuronyltransferase,
thereby increasing bilirubin conjugation and reducing the risk of
kernicterus (staining and neurological damage of the basal ganglia
by bilirubin.

* The most thoroughly studied inducing agents are polycyclic
aromatic hydrocarbons.



Factors Affecting Hepatic Metabolism

Examples of drugs that induce drug-metabolising enzymes

Drugs inducing enzyme action Examples of drugs with metabolism affected
Phenobarbital Warfarin

Rifampicin Oral contraceptives

Griseofulvin Corticosteroids

Phenytoin Ciclosporin

Ethanol Drugs listed in left-hand column will also be

Carbamazepine affected
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2. Inhibition — Jone g gy ostes) 51wt

4p o p Qo) o
~ A}“D%dw)’@‘u) mebobe )PW@WLU\AJDl-P‘UZj 7N

* Inhibition ~ {, metabolic activity of enzyme = > [drug]
v'E. CgD Grapefruit juice |» [ &1 o€ gprind e st o

Yxoﬂ_,dln/\a, )/«)Jsjﬂ‘)‘Zj(‘-{/U\/—}w%d‘) 75 Je), S\ o X

v For example, @/arfarm inhibits tolbutamide elimination which
can lead to the accumulation of drug and may require a
waf(;ofu.vfd“**
downward adjustment of dose.
Uy bbchr b r2duce & b macie acidity_

®
v Cimetidine is a therapeutic agent (prevent ulcer) that has been

found to impair the in vivo metabolism of other drugs.

* |nhibitors of P450 differ in their selectivity towards different

isoforms of the enzyme, and are classified by their mechanism
of action.




Factors Affecting Hepatic Metabolism
Examples of drugs that inhibit drug-metabolising enzymes

Drugs inhibiting enzyme action Drugs with metabolism affected

Allopurinol Mercaptopurine, azathioprine
Chloramphenicol Phenytoin

Cimetidine Amiodarone, phenytoin, pethidine
Ciprofloxacin Theophylline

Corticosteroids Tricyclic antidepressants, cyclophosphamide
Disulfiram Warfarin

Erythromycin Ciclosporin, theophylline

Monoamine oxidase inhibitors Pethidine

Ritonavir Saquinavir



* Factors that can influence drug metabolism

. Food: Grapefruit juice contains furanocoumarins which inhibit drug metabolism

by interfering with hepatic cytochrome P450. <, 1, decwse mebsb I'ZW‘%L f;tf.f,,.z ?A.s
p— ownee N PP TP T Py V‘*?,_'

YNl cpep > Gt NS iheboSisin L Tl M S A2~

. Genetic variation (polymorphism):

With N-acetyltransferases| (involved in Phasg II reactions), individual variation
creates a group of people who acetylate drugs (isoniazid) slowly (slow

—_—

acetylators) and those who acetylate quickly (rapid acetylators). —

This variation may have dramatic consequences, as the slow acetylators are

YACIEY, G bomadp) a2 ¢ s e 5 O 7 e
more prone to dose dependent toxicity Ot sem s o i1

13% of Egyptians are slow acetylators. Warfarin (bleeding) and phenytoin
(ataxia) are examples Mz 2he sl B PG Uk U\ Ve 6w b D i of) Genid)

Va2 St ) € o b Vsiall e, 1 @ Ll T
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* Factors that can influence drug metabolism

adu\ts are He
best
6. Physiological factors that can influence drug metabolism include ége; individual
M(e.g., pharmacogenetics), enterohepatic circulation, nutrition, intestinal

—_—

flora, or sex differences. yelz melabssian,
— N is Facter Hrow Fewnade
7. Route of administration

* A drug given parenterally, transdermally, or by inhalation may distribute within the
body prior to metabolism by the liver.

* In contrast, drugs given|orallyare normally absorbed in the duodenal segment of the
small intestine and transported via the mesenteric vessels to the hepatic portal vein

and then to the liver before enterm\g the systemlc cwcu;latlon

* Drugs that are hlghly metabolized by the liver or by the intestinal mucosal cells
demonstrate poor systemic availability when given orally which is termed‘first-pasg
@J{e. g. Propranolol, nitroglycerin, verapamil, morphine, isoproterenol, etc).
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8. Pathological factors \w,,mij'

* Can also influence drug metabolism, including liver, kidney, or heart diseases. s W o2 |
. . File LLL

> Liver Disease — |y paiv ofger oF  yuebobo hesm 4 predudion  of enzgmes [L.J._ﬂ_,

 Acute or chronic diseases that affect liver function markedly affect hepatic
metabolism of some drugs. ) .00 P JoS| oo ) P

 Such conditions include fat accumulation, alcoholic cirrhosis, biliary
cirrhosis, and acute viral or drug hepatitis. s> e Ol plto (I L

 These conditions may impair hepatic drug-metabolizing enzymes, particularly
microsomal oxidases, and thereby markedly affect drug elimination.

* For example, the half-life of |[diazepam|in patients with liver cirrhosis or acute

viral hepatitis is greatly increased, with a corresponding prolongation of its

WLy Jp2 gL




Diseases and Drug metabolism
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e Chronic renal failure affect the drugs that excreted unchanged in the urine e.g
Metformin will lead to lactiqacidosik and so contraindicated if GFR<60ml/min per
1.73m?2 body surface area. o

> CardiacDisease —, 2570 of blod o b e orges kil huve mefaptin 0w L al

He bodsy
* Cardiac disease, by limiting blood flow to the liver, may impair|disposition of those
drugs whose metabolism is flow-limited. ADME » erechio-

abvlp"-v; rihd N vweha f



Important Highlights for Drug Metabolism

* DRUG METABOLISM

* Phase 1 reactions involve oxidation, reduction and hydrolysis. They:

— usua orm_more chemica eactive produ vhich can be pharmacologica active, toxic or

. . acej— mw, ,P v e C l/; p
Carcmogenlc. Pubcelarmo o= —d‘f

— often involve a monooxygenase system in which ¢ytochrome P450 plays a key role.

* 'Phase 2 reactions involve conjugation (e.g. glucuronidation) of a reactive group (often

inserted during phase 1 reaction) and usually lead to \inactive and polar products that are

readily excreted in urine. (\Jf
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Important Highlights for Drug Metabolism

Phase T
* Some conjugated products are excreted via bile, are reactivated in the intestine and
then reabsorbed (‘enterohepatic circulation’).

* Induction of P450 enzymes can greatly accelerate hepatic drug metabolism. It can
increase the toxicity of drugs with toxic metabolites, and is an important cause of
drug—drug interaction, as is enzyme inhibition.

* Presystemic metabolism in liver or@educes the bioavailability of several

—_—

o=

drugs when they are administered by mouth. C Came ob molufe fumn
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