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Variability in Drug Response: 
People vary not only in their appearance but also in their physiology, 
genetics & habits that may bear on the way in which they respond 
to drugs.



Factors contributing to 
variability in Drug Response?

Patient compliance (Adherence,capacitance) 
describes the degree to witch a patient 
correctly follows medical advise

Age of Patients

Disease

Drug- drug interactions

Genetics

Formulation

Pollutants (smoking..)

Pregnancy

Route of  administration



What is a drug interaction?

An interaction is said to occur when 
the effects of one drug are changed 
by the presence of another drug, 
food, drink or by some environmental 
chemical agent, disease , and genetic 
defects
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Main types of interindividual 
genetics variation affect 
pharmacotherapy

ÂVariation in 
enzymes of drug 
metabolism and 
drug 
transporters

ÂVariation in 
target proteins 
or pathways
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Drug metabolism is normally 
divided into two phases

ÂPhase I (or functionalisation 
reactions) 

ÂPhase II (or conjugative reactions)
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Phase I Drug metabolism reactions
ÂOxidations:

-Cytochrome P450 -Dependent , 

- Cytochrome P450 -Independent: Alcohol 
dehydrogenase, Aldehyde oxidase,  
Xanthine oxidase, Amine oxidases, 
Aromatases

ÂReduction: Azo-compound (N=N), Nitro -
compound (NO2)

ÂHydrolysis: Ester hydrolysis, Amide 
hydrolysis, Proteins and peptides hydrolysis
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From: Evans WE, Relling MV. Science 286:487-491, 1999.
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From: Evans WE, Relling MV. Science 286:487-491, 1999.
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From: Evans WE, Relling MV. Science 286:487-491, 1999.

CYP2D6
Â 2-5% 0f human liver CYPs

Â CYP2D6 is estimated to be the major metabolic pathway for 
25% of all prescribed drugs 

Â Greater than 100 -fold variability in enzyme activity has 
been observed within populations due to the polymorphism 
of the CYP 2D6 gene. 

Â Drugs that require inactivation by CYP 2D6 can cause 
increased adverse side effects more often among poor 
metabolisers, and there can be lack of efficacy in extensive 
and ultra rapid metabolisers.

Â dugs such as codeine which requires activation by CYP 2D6 
to morphine for its action can have a lack of efficacy in poor 
metabolisers and exaggerated effects in ultra rapid 
metabolisers. 
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Polymorphic Distribution
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From: Evans WE, Relling MV. Science 286:487-491, 1999.

World maps showing the distribution of 
CYP2D6 (a) altered activity variants in 
different geographic region
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From: Evans WE, Relling MV. Science 286:487-491, 1999.

Â a breastfed neonate was found dead at the age of 13 
days due to codeine intake of his mother who was 
UM

severe ADRs or even fatal intoxications 
due to  Pharmacogenetics in UM
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From: Evans WE, Relling MV. Science 286:487-491, 1999.
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From: Evans WE, Relling MV. Science 286:487-491, 1999.

CYP2C9
Â In humans the CYP2C subfamily catalyses 

approximately 20% of the CYP -mediated 
metabolic reactions of drugs currently on the 
market

ÂCYP2C9 accounts for 17 -20% of the total 
P450 content in human livers. 

Â The enzyme is responsible for a wide range of 
commonly prescribed drugs including warfarin, 
phenytoin and losartan. 

Â Its polymorphisms have serious implications in 
the dosage and toxicity of some drugs.
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From: Evans WE, Relling MV. Science 286:487-491, 1999.

World maps showing the distribution of  
CYP2C9 altered activity variants in 
different geographic region
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Pharmacogenetics of Warfarin 
dosage
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Pharmacogenetics of Warfarin 
dosage
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Pharmacogenetics of Phenytoin 
dosage and toxicity
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Data adapted from (van der Weide et al ., 2001)
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Pharmacogentics of Losartan 
Efficacy
Â CYP2C9 is the major enzyme 

involved in losartan oxidation 
and that there are likely to 
be genotype dependent 
interindividual differences 
in drug response (Yasar et 
al., 2001) .

Â the CYP2C9 *3 allele was 
shown to be associated with 
decreased activation of 
losartan. 

Â carriers of the *3 allele 
should be monitored with 
extra care since they are 
less likely to experience a 
therapeutic effect at the 
standard dose.
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Pharmacogenetics of Glyburide 
dosage

ÂGlyburide is a long -acting second -generation 
sulfonylurea antidiabetic agent with high potency 
and is a substrate for CYP 2C9.

Â In * 3/* 3 homozygotes the oral clearance was less 
than half that of * 1/* 1 carriers, correspondingly 
insulin secretion was higher in the * 3/* 3 group. 

Â The effect of the * 2 allele was only minor.
Â dose adjustment based on CYP2C9 genotype could 

improve antidiabetic treatment 
Â carriers of the * 3/* 3 genotype, the poor 

metabolisers, should receive less than 50% of the 
dose that is adequate for rapid metabolisers
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Pharmacogenetics of 
Tolbutamide dosage

Â Tolbutamide is a 
sulphonylurea class drug 
used to treat generally 
type 2 diabetes. 

Â It is converted to 4 õ -
hydroxytolbutamide 
mediated by CYP2C9. 
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CYP2C19
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From: Evans WE, Relling MV. Science 286:487-491, 1999.

World maps showing the distribution of 
CYP2C19 altered activity variants in 
different geographic region
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Cytochromes P450 2 C19  (CYP2C19)

CYP2C19 genotype & Omeprazole in CYP2C19 genotype & Omeprazole in H.pyloriH.pylori infection infection 
((FurutaFuruta et al., 1998et al., 1998 ))

Omeprazole 20 mg/day for 6 - 8 weeks

Amoxicilline 2000 mg/day for 2 weeks

In Japanese patients

60%PM heterozygotes (*1/*3)

100%PM homozygotes (*3/*3)

29%EM homozygotes (*1/*1)

Cure rate %Genotype

CYP2C19 genotype & Omeprazole in CYP2C19 genotype & Omeprazole in H.pyloriH.pylori infection infection 
((FurutaFuruta et al., 1998et al., 1998 ))

Omeprazole 20 mg/day for 6 - 8 weeks

Amoxicilline 2000 mg/day for 2 weeks

In Japanese patients

60%PM heterozygotes (*1/*3)

100%PM homozygotes (*3/*3)

29%EM homozygotes (*1/*1)

Cure rate %Genotype
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Clopidogrel


