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Drug metabolism



Drug metabolism

* Metabolism is defined as: The|irreversible biotransformation of drug in the
body — typically involves making it more polar to enhance renal excretion
Non Polar ‘)Ng M e hodroxy) greup  asLp b be Meabaism W) Wb Bl AT

- Drug metabolism often converts lipophilic chemical compounds into:
More active } » more hydrophilic, more water soluble

Pro_
Arugs “"have their actions decreased (become less effective) or increased
(become more effective)

» May be converted to less toxic or more toxic metabolites or to
metabolites with different type of effect or toxicity
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- The metabolism of drugs takes place mainly in the liver (the smooth
endoplasmic reticulum of the liver cell) . However, other organs such as the
kidney, lung, intestine and placenta can also be involved in this process.
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Drug metabolism
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- In some occasions, the metabolite 1s less water soluble.

@b‘; X 4 - Asignificant example 1s the acetyl metabolite of some of the sulfonamides.

vty e

7{’,«;}\ - Some of the earlier sulfonamides are acetylated to relatively insoluble metabolites
which precipitated in urine, crystalluria.

- Now the more commonly used sulfonamides have different elimination and
solubility properties and exhibit less problems.
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Two types of Metabolic Reactions
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:Hydrolysis
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ABSORPTION METABOLISM ELIMINATION
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: Absorption
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Phases of metabolism

Phase | Phase I
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Excretion to bile or plasma
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Phases of metabolism

Phase I reactions:

* Change drugs to more hydrophilic metabolites which are more readily
excreted

* Introduce into the drug molecule sites for phase II reactions
conjucation/ dalas Jguui phase | ¢ Lgiss o Ul OHJI (Kas

* May be less toxic (but not always)

* Mostly occur in the endoplasmic reticulum (microsomes) of liver cells.
Microsomal metabolism or microsomal cytochrome p450 metabolism

 Usually involve oxidation, reduction, hydrolysis or other reactions



Phase I reaction
1- Oxidation

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 involve a cytochrome P450, NADPH
and oxygen.
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Ollax! NADPH
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Common reactions include :-
 Alkyl group ----> alcohol

* Aromatic ring ----> phenol



Phases of metabolism

for example phenytoin @ oo @

Oxidation at S or N

for example chlorpromazine

2.Reduction

Add a hydrogen or remove oxygen
OH J reduction dllas| wlgasy/ gL double bond OJ/ : Jla



Phases of metabolism

stabilization Jas/ (jLiic erythromycing/
very & ester Jsdi ols o pdal (Sao ddl J
JBI 4l &aas long fatty acid

3.Hydrolysis 195 sLasy] Jis g1 s S .. solubility |
Addition of water with breakdown of molecule. g ester]l |9 usy 4l (Sas esterases o3
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Or amide

RA—O0—C=0 —— AOH + CH,—COOH

CH,

« for example aspirin to salicylic acid

Phase 11
1.Conjugation inactive J |9l Jg=ais phase llJI Jlga¥! J<a

Conjugation reactions covalently add large, polar endogenous molecules to parent drug or
Phase I metabolite —inactive and excretable

(glucuronide, glutathione, sulfate, acetate, amino acids etc)

L; exCyre en £ \olllic ubin glycwne
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Phases of metabolism

* Glucuronidation

This is the main conjugation reaction in the body. This occurs in the liver.
Aliphatic alcohols and phenols are commonly conjugated with glucuronide.
Thus hydroxylated metabolites can also be conjugated. for example
morphine 9 Js=s Lele baadl 9 Jo¥l phase | ¢ 5o (55 J9aS dale Lo @sHbl 131 JgaS (o8 (< a3 Q

glucoronide conjugation 4 )l (jsass

* Acylation
l J solubilityJl J5% metabolism 4 yuas (4

Acylation, especially acetylation with the acetyl group, e.g. sulfonamides
* Glycine Jand § Al J padd (e metabolismJl YGAYI ua slow acetylators g fast acetylators s

J9udl de ya
Glycine addition (NH2CH2COOH) for example nicotinic acid
 Sulfate

Sulfate (-SO4) for example morphine, paracetamol
glutathione conjucation (jLas < oy paracetamol !




Drug metabolism

* In most cases the metabolites are inactive, however, occasionally the
metabolite 1s also active, even to the extent that the metabolite may be the
preferred compound to be administered. The original drug may take on the
role of a pro-drug. For example:-

active J Js=is g prodrug (inactive) () ssu (Sas

(aAntitqssive _
metabolism 4l ;sas (s morphine  Jgais dis aulls 5,ict  codeine ---> morphine Active

primidone ---> phenobarbital Active

* 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. microsomal ! inhibition sl induction Jasi (Sas i gu¥| Aas o

4 9aY¥1 metabolism e AU Lgal (Sas 9 enzymes (cytochrome p450)
phenytoin zs phenobarbitone salu ¢ wall (a4 50 (Sao (gazg daalill
o2 ,hl a3 phenytoinJ/ & acidityJ/ M (<as phenobarbitone s
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Drug metabolism

I. Induction

metabolite
drug
drog metabolite

drug metabolite
drug
drug

drug

metabolite
metabolite
metabolite

drug
metabolite

Induction ~ 1 metabolic activity of enzyme = | [drug]

E.g. Phenobarbitone will induce the metabolism of itself, phenytoin, warfarin,
2

etc.

W

©),

E.g. Cigarette smoking can cause increased elimination of theophylline.For asthma

E.g. alcohol, Dosing rates may need to be increased to maintain effective

plasma concentrations.

metabolismJ/ &lasnl J induction Jaxa ethanoly!
OSaad acuadl Lgaliag ol 4 993U degradation Jazxas
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Drug metabolism

drug

drug

I1. Inhibition anx
JSYI (0 9 Lgeuds G guf Lgews (a0

Inhibition ~ | metabolic activity of enzyme = 1 [drug]

e.g. grapefruit juice Inhibition of cytochrome p450

- For example, warfarin inhibits tolbutamide elimination which

can lead to the accumulation of drug and may require a
downward adjustment of dose anticoagulant | ys warfarin gs (s < |92 tolbutamideJ/
| el &yl hypoglycemia (addill yuay dif dus 488
- Cimetidine 1s a therapeutic agent (prevent ulcer) that has been

found to impair the in vivo metabolism of other drugs.
Inhibition of cytochrome p450




Drug metabolism

Factors that can influence drug metabolism:

1. Age: Drugs metabolism is slower in fetal, neonatal and elderly
humans than in adults. organsyi sausic Jaiss Gis (gss jliall JLisY)
LTS jSan LA (b0 £3ad panlly Sy agacea slidel Cuully Sl

2. Sex: women metabolize alcohol more slowly than men

3. Other drugs: 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.
The opposite is also true (enzyme inhibition).




Drug metabolism

ﬁ Al Jazs 9 6548 ¥ aa iy (Sas warfaring! ge Jalas 13
. : : . 4 . 1. . bleeding sy
4. Food: Grapefruit juice contains furanocoumarins which inhibit

drug metabolism by interfering with hepatic cytochrome P450.

@ Repw 9l sl (03 0925 Genetic variation (polymorphism): Mutation
aae Glaa ¥l slal

(ohe gins polallWith - N-acetyltransferases (involved in Phase II reactions),
oLyl pase “35%:;3 individual variation creates a group of people who acetylate
) drugs (isoniazid) slowly (slow acetylators) and those who

. AL ol daculead ) 4 I i iazidJ/
e acetylate quickly. Hepatoto at sin: 3 anibiotie & uberculosis
Acetylation: P - =9

_sulphonamides - 1his variation may have dramatic consequences, as the slow

-isoniazid acetylators are more prone to dose dependent toxicity.
Oaaladl ol Che (ool side effects (o | galan ) )
- 13% of Egyptians are slow acetylators. Warfarin (bleeding) and
phenytoin (ataxia) are examples

aaliius bas outian Lo il () o< ataxia/




Drug metabolism

6. Physiological factors that can influence drug metabolism
include age, individual variation (e.g., pharmacogenetics),
enterohepatic circulation, nutrition, intestinal flora, or sex
differences.

7. Pathological factors can also influence drug metabolism,
including liver, kidney, or heart diseases.
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Diseases and Drug metabolism

Liver Disease:

» Acute or chronic diseases that affect liver function markedly affect hepatic
metabolism of some drugs. Such conditions include fat accumulation,
alcoholic cirrhosis, biliary cirrhosis, and acute viral or drug hepatitis.
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 _ . :

. e . : . : X :Liver diseases
viral hepatitis is greatly increased, with a corresponding prolongation of its __ '~ . _
effect. RSl L chronicyl-

metabolism )/ cibslazy ASchio asuis o< waSIls &y gaull aSI )5 (30 | gilay ol ulsll-
w<Il metabolism Lgd jawas (oLl da 90 Caas dosed! HS1 a3y (oJLills metabolisml Glalas Jlasis-
Renal Disease:

Chronic renal failure affect the drugs that excreted unchanged in the urine e.g
Metformin will lead to lactic acidosis and so contraindicated if
GFR<30ml/min per 1.73m2 body surface area

Cardiac Disease: CONDA oL anipoX], W Q)v&\(}o\)\g\‘v&v
* Cardiac disease, by limiting blood flow to the liver, may impair disposition of
those drugs whose metabolism is flow-limited. a5 all (953 £ 3 (Sl § wasll aull iy oIl 92




Drug metabolism

Enterohepatic circulation:

40mg
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