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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

 Variation in 
enzymes of drug 
metabolism and 
drug 
transporters

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

 Phase I (or functionalisation 
reactions) 

 Phase II (or conjugative reactions)
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Phase I Drug metabolism reactions
 Oxidations:

-Cytochrome P450-Dependent, 

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

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

 Hydrolysis: 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
 2-5% 0f human liver CYPs

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

 Greater than 100 -fold variability in enzyme activity has 
been observed within populations due to the polymorphism 
of the CYP2D6 gene. 

 Drugs that require inactivation by CYP2D6 can cause 
increased adverse side effects more often among poor 
metabolisers, and there can be lack of efficacy in extensive 
and ultra rapid metabolisers.

 dugs such as codeine which requires activation by CYP2D6 
to morphine for its action can have a lack of efficacy in poor 
metabolisers and exaggerated effects in ultra rapid 
metabolisers. 



11

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.

 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
 In humans the CYP2C subfamily catalyses 

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

 CYP2C9 accounts for 17 -20% of the total 
P450 content in human livers. 

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

 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
 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) .

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

 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

 Glyburide is a long-acting second-generation 
sulfonylurea antidiabetic agent with high potency 
and is a substrate for CYP2C9.

 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. 

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

improve antidiabetic treatment 
 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

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

 It is converted to 4 ’ -
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 2C19  (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
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NAT2 (N-acetyltransferase 2)

Fast acetylators are either homozygous or heterozygous for the *4 normal allele

slow acetylators are homozygous for two low activity variant alleles. 



29

Clinical relevance of the NAT-2 
polymorphism

 Higher isoniazid levels, greater neuropathy and 
hepatitis in slow acetylators

 Hydralazine-induced lupus erythematosus is much 
less common in rapid than slow acetylators

 Co-trimoxazol adverse effects is much less common 
in rapid than slow acetylators

 Sulfasalazine in the treatment of Lupus is genetic 
dependent (slow acetylator did not respond )

 Adverse effect of Sulfasalazine in the treatment of 
inflamatory bowel disease  is also genetic dependent
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Thiopurine Methyl Transferase (TPMT)
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Thiopurine Methyl Transferase (TPMT)

 Homozygous mutants 
are 0.2% of Caucasian 
Populations

 Heterozygotes are ~ 
10%

 Homozygous wild type is 
90% (EM); Metabolism 
of Azathioprin, 6-
mercaptopurine



What is the incidence of drug-
drug interactions?

The more drugs a patient takes the 
greater the likelihood that an adverse 
reaction will occur. 

One hospital study found that the rate 
of adverse reaction was 7% in those 
taking 6 to 10 drugs

but 40% in those taking 16 to 20 drugs. 
A possible explanation is that the drugs 
were interacting. 



Mechanisms of drug interaction 

Pharmacokinetic interactions (the so-
called ADME interactions). 

Pharmacodynamic interactions 



Some drug absorption interactions



Pharmacokinetic interactions
Drug metabolism (biotransformation) 
interactions   

Enzyme induction    

This phenomenon of enzyme stimulation or 
‘induction’ not only accounts for the tolerance, but if 
another drug is present as well, which is metabolised 
by the same range of enzymes (an oral anticoagulant 
for example), its enzymic metabolism is similarly 
increased and larger doses are needed to maintain 
the same therapeutic effect



Pharmacokinetic interactions
Drug metabolism (biotransformation) 
interactions (con)  

Enzyme induction    

The extent of the enzyme induction depends on the drug and 
its dosage, but it may take days or even 2 to 3 weeks to 
develop fully, and persist for a similar length of time when the 
inducing agent is stopped. 

This means that enzyme induction interactions are delayed in 
both starting and stopping.

Enzyme induction is an extremely common mechanism of 
interaction and is not confined to drugs; it is also caused by 
the chlorinated hydrocarbon insecticides such as dicophane 
and lindane, and after smoking tobacco



Pharmacokinetic interactions
Drug metabolism (biotransformation) 
interactions (con)  

Enzyme induction    

If one drug reduces the effects of another by 
enzyme induction, it is possible to accommodate the 
interaction simply by raising the dosage of the drug 
affected, but this requires good monitoring, and 
there are obvious hazards if the inducing drug is 
eventually stopped without remembering to reduce 
the dosage again. The raised drug dosage will be an 
overdose when the drug metabolism has returned to 
normal



Pharmacokinetic interactions
Classification of In Vivo Inducers of CYP Enzymes



Pharmacokinetic interactions
Drug metabolism 
(biotransformation) 
interactions (con)   

Enzyme induction 
(Example III)

Rifampicin (600 mg daily 
plus isoniazid) increased 
the metabolism of 
cyclosporin in this 
patient, thereby 
reducing the trough 
serum levels. He 
subsequently died 
because his heart 
transplant was rejected 



Pharmacokinetic interactions
Drug metabolism 
(biotransformation) 
interactions (con)   

Enzyme induction 
(Example III)

Drug interaction between 
St. John’s Wort 
(Hypericum 
perforatum)’,and

Cyclosporine



Pharmacokinetic interactions
Drug metabolism 
(biotransformation) 
interactions (con)   

Enzyme induction 
(Example III)

Paracetamol

Auto Induction: 
Methadone,  
carbamazepine

(time dependent kinetic)
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Drug affected Inducing agent(s) Effect of interaction 

Aminoglutethimide 

Barbiturates 

Carbamazepine 

Dichloralphenazone 

Glutethimide 

Phenazone 

Anticoagulants 
(oral) 

Rifampicin (rifampin) 

Anticoagulant effects reduced 

Barbiturates 

Carbamazepine 

Phenytoin 

Primidone 

Contraceptives 
(oral) 

Rifampicin (rifampin) 

Contraceptive effects reduced. 
Break-through bleeding, 
contraceptive failures 

Aminoglutethimide 

Barbiturates 

Carbamazepine 

Phenytoin 

Primidone 

Corticosteroids 

Rifampicin (rifampin) 

Corticosteroid effects reduced 

Haloperidol Tobacco smoke Haloperidol effects reduced 

Pentazocine Tobacco smoke Pentazocine effects reduced 

Phenytoin Rifampicin (rifampin) Phenytoin effects reduced. 
Seizure-risk increased 

Barbiturates 

Rifampicin (rifampin) Theophylline 

Tobacco smoke 

Theophylline effects reduced 

 

file:///F:/Pezeshki-1/DDI/CYP450 tables.pdf


Pharmacokinetic interactions
Drug metabolism (biotransformation) 
interactions  

Enzyme inhibition    
Unlike enzyme induction, which may take several days 
or even weeks to develop fully, enzyme inhibition can 
occur within 2 to 3 days resulting in the rapid 
development of toxicity

The clinical significance of many enzyme inhibition 
interactions depends on the extent to which the serum 
levels of the drug rise. If the serum levels remain 
within the therapeutic range the interaction may be 
advantageous. If not, the interaction becomes adverse 
as the serum levels climb into the toxic range



Pharmacokinetic interactions
Classification of In Vivo Inhibitors of CYP Enzymes



Pharmacokinetic interactions
Classification of In Vivo Inhibitors of CYP Enzymes



Pharmacokinetic interactions
Classification of In Vivo Inhibitors of CYP Enzymes



Pharmacokinetic interactions
Classification of In Vivo Inhibitors of CYP Enzymes



Pharmacokinetic interactions
Drug metabolism 
(biotransformation) 
interactions (con)  

Enzyme inhibition    

Example II (The effect 
of 4 g Marmite (a 
tyramine-rich yeast 
extract) on the diastolic 
and systolic blood 
pressures of a patient 
taking a monoamine 
oxidase inhibitor 
(tranylcypromine))



Pharmacokinetic interactions
Drug 
metabolism 
(biotransformat
ion) 
interactions 
(con)  

Methadone 
death    



Pharmacokinetic interactions
Drug 
metabolism 
(biotransformat
ion) 
interactions 
(con)  

Clopidogrel and 
omeprazole    



Pharmacokinetic interactions

Drug 
metabolism 
(biotransformat
ion) 
interactions 
(con)  

Statin’s

And  aging   



Pharmacokinetic interactions

Drug 
metabolism 
(biotransformat
ion) 
interactions 
(con)  

betablokers   



Pharmacodynamic interactions 

Pharmacodynamic interactions are 
those where the effects of one drug 
are changed by the presence of 
another drug at its site of action. 
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Pharmacodynamic interactions 

Antagonistic or opposing interactions     

examples

. 



Pharmacodynamic interactions 
Interactions due to disturbances in fluid 
and electrolyte balance (examples)      

Drug affected Interacting drugs Results of interaction 

Digitalis Potassium-depleting 
diuretics 

Digitalis toxicity related to changes 
in ionic balance at the myocardium 

Dietary salt 
restriction 

Increased serum lithium levels; 
intoxication possible Lithium 

chloride 
Increased salt 
intake Reduced serum lithium levels 

Lithium 
chloride 

Thiazide and related 
diuretics 

Increased serum lithium levels; 
intoxication possible 

Guanethidine 
 
Chlorothiazide 

Kebuzone 
 
Phenylbutazone 

  

Antihypertensive effects opposed 
due to salt and water retention 

 



Transporters and Drug-Drug 
Interactions

 Classification

Efflux transporters (transporters 
mediating the export of drugs or drug 
metabolites  out of cells)

Influx transporters or Uptake 
Transporters (transporters mediating 
the uptake of drugs into cells)

57



Transporters and Drug-Drug 
Interactions

 Introduction

Each transporter has a specific pattern 
of tissue expression

Transporters expressed in the small 
intestine, the liver, and the kidney are of 
particular importance for drug 
disposition and drug-drug interactions
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Transporters and Drug-Drug 
Interactions
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Transporters and Drug-Drug 
Interactions
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Transporters and Drug-Drug 
Interactions
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Transporters and Drug-Drug 
Interactions
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Transporters and Drug-Drug 
Interactions

67

Cimetidine and imipramin 

inhibit OCT1&2 and MATE1

Cephalexin and Trimetoprim 

inhibit MATE1

Repaglinide inhibit OCT1

Sitagliptin inhibit OCT 1 &2

Clopidogrel and its carboxy 

metabolite inhibit OCT1

PPIs inhibits OCT1 &2 &3
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Variation in target proteins 
(Polymorphisms in Drug Targets)

1. Albuterol

2. ACE inhibitors (lisinopril)

3. Methadone

4. target proteins for more than 
50% of drugs available on the 
market & affect signal 
transduction pathway 

1. β2 -adrenergic receptors 

2. Angiotensin converting 
enzyme

3. μ-opioid receptors 

4. G proteins 

Affected drug classProtein

1. Albuterol

2. ACE inhibitors (lisinopril)

3. Methadone

4. target proteins for more than 
50% of drugs available on the 
market & affect signal 
transduction pathway 

1. β2 -adrenergic receptors 

2. Angiotensin converting 
enzyme

3. μ-opioid receptors 

4. G proteins 

Affected drug classProtein


