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Drug drug interactions

• Taking 1-5 drugs concomitantly leads to 
side effects due to interactions in 4%, 

taking 6 or more raises this risk to 25%!

• Interactions can cause side effects, 
toxicity, and drug failure

• …but in most cases, interactions go 
unnoticed and cause no clinical 
problems (i.e., no problems that may be 
discerned from background noise)



CYP

If the same CYP is 
involved in binding 
and/or metabolism of 
both drugs

CYP

If an inhibitor is 
prescribed, this might 
inhibit several CYPs

How to predict drug 
interactions…



CYP

If a drug is a known 
enzyme inducer, 
usually several CYPs 
(and transporters) are 
induced

How to predict interactions…

Clinical symptoms depend on the magnitude of 
the effect, the steepness of the concentration vs. 
response relationship(s), and  therapeutic range 
of the drugs! 



Occurence of drug interactions 
in clinical practice

• Problems occuring when starting, 
stopping or changing the dose of a drug 
while taking other drugs

• Attention to nutrition interactions and OTC 
interactions!



75 Years Old Patient 
on Phenprocoumon

• Stable dosing and INR

• Takes St. John‘s Wort for mild depression

• Stops St. John‘s Wort

• Dies from cerebral hemorrhage



Which drugs are the typical 
interactors?

• classical antiepileptics, diuretics, 
antinfective agents (HIV, tuberculosis), 
antidepressants, mood stabilizers, 
antimycotics, adsorbents (carbon, 
cholestyramine), antacids, 
antiarrhythmics (chinidine)…

• Cigarette smoke, alcohol, grapefruit



Substances 

that decrease activity of an enzyme or transporter via 
reversible or irreversible binding ot (part of the) binding 
site or to other regions of the enzyme

- furanocoumarins (grapefruit juice)

- azole antifungals
- most macrolides
- some quinolone antibacterials
- ritonavir (also an inducer)
- ....
Non-selective (e.g., methoxsalen) and partially selective 
(most) inhibitors

Enzyme inhibitors



Substances 

that enhance expression of an enzyme or transporter via 
activation of transcription factors

- Carbamzepine

- Barbiturates
- Rifampicine
- St John‘s Wort
- Ritonavir (also an inhibitor)
- ....

Enzyme inducers
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And what has this to do 
with genotypes?



Pharmacokinetic
Drug-Drug Genetic
Interactions Polymorphisms

Liberation + (-)
Absorption + +
Distribution + +
Metabolism + +
Elimination + +

The same targets



Mechanism of DME induction
Type of induction Main mechanism  Arbitrary selection of important 

induced enzymes 

Ah-receptor mediated / 
polycyclic aromatic 
hydrocarbons 

increased 
expression 

CYP1A1, CYP1A2, GSTs, UGTs, 
ALDHs 

ethanol enzyme 
stabilisation 

CYP2E1 

PPAR/RXR increased 
expression 

CYP4 enzymes (?), enzymes 
involved in lipoprotein and fatty 
acid metabolism  

CAR/RXR 
phenobarbital 

increased 
expression 

most pronounced effects on 
CYP2B6, clear effects on 
CYP2C8, CYP2C9, CYP3A4, 
CYP1A2, and some UGTs 

PXR/RXR 
glucocorticoids, rifampin 

increased 
expression 

CYP3A enzymes, mainly in the 
gut, CYP2C9 

 



Clinical effects may 
depend on dose 

Modified from Hiemke C.,  2003

Interaction with pharmacogenetics
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Clinical effects may 
depend on dose 

Slide modified from Hiemke C.,  2003

Interactions with pharmacogenetics
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Clinical effects may 
depend on dose 

Slide modified from Hiemke C.,  2003

Interactions with pharmacogenetics
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Simple facts about 
interactions and genetics

• You cannot inhibit or induce an enzyme 
which is not expressed anyway

• Inhibition or induction in a poor metabolizer –
if  any – may only caused by activity changes 
in additional enzymes

• CYP2D6 is not inducible by the typical drug 
inducers

• CYP3A4 is often involved in interactions but 
genetics does not play a major role



Classical drug-drug interaction study

Give drug A at single dose with placebo 

Give drug A at single dose with drug B 
(single or multiple dose)

More covariates, such as:
• Genotypes, 
• 3rd drug, 
• 4th drug….? 



Itraconazole / MDR1 haplotypes

Shon et al.,  2005

Schematic of study design. The trial followed a randomized crossover design with a 2-week 
washout period for pretreatment with placebo or itraconazole. 



Drug transport: P-glycoprotein

• Efflux transporter for xenobiotics 
• At human barriers 

– Intestine mucosal membrane
– Kidney
– Gallbladder epithelium

– Blood brain Barrier

• „The transporter shovels out of the cell, the 
CYP cleans up the rest“



Drug interactions P-glycoprotein

• Induction:
– St. John‘s Wort, rifampicine, 

carbamazepine

• Inhibition:
– Amiodarone, cyclosporine, glyburide, 

ketoconazole, itraconazole, chinidine, 
verapamil



Example

Patient (m,65) 

• medication
– Digoxin 0.250 mg/day

• Plasma level: 0.8 ng/ml (HR 60 – 80/min)

• Start with St. John‘s Wort 
(Dosing according to OCT information)

– After 2 weeks � Tachyarrhythmia (> 100/min)

– � emergency unit
• Plasma level: 0.5 ng/ml

Sandson  NB, Drug Interactions Casebook, The Cytochrome 450 
System and Beyond, American Psychiatric Publishing Inc. 2003



St John‘s Wort – P-glycoprotein

• Digoxin concentrations decrease about 
25% after intake of St. John‘s Wort 
(300mg) for several days

• Therapeutic range digoxin 
– 0.8 – 2.0 ng/ml.

Johne A, Brockmöller J, et.al.: CPT1999



Some pharmacogenetics

Siddiqui A et al., NEJM 2003

Drug resistance in epilepsia:  

P-Glykoprotein: ABCB1 C3435T: lower expression

odds ratio, 2.66; 95 %CI (1.32 to 5.38); P=0.006 



Itraconazole / MDR1 haplotypes

Shon et al.,  2005

Mean plasma concentration (SE) of fexofenadine after oral administration of 180-mg single dose 
when pretreated with placebo (open symbols) or 200 mg itraconazole (solid symbols) in multidrug 
resistance 1 gene (MDR1) 2677G/3435C (circles) and 2677T/3435T (triangles) haplotype groups. 
Plus sign, P < .05, rank sum test between MDR1 haplotype groups. 

Additive 
effect!



Induction and pharmacogenetics

• Enzyme induction in different CYP2C9 
genotypes

• In 130 volunteers, CYP2C9 activity was 
measured in vivo using tolbutamide as a 
probe drug. 

• pharmacokinetics of the drug was analyzed 
twice—before and after four doses of 450 mg 
rifampin

Clin Pharmacol Ther 2009;86:54-61



Before and after rifampicine intake

• Enzyme induction



Phenocopy effect

• Tolbutamide total 
clearance

• Tolbutamide hydroxy-
lation clearance



Induction factors

• No difference between 
induction factors in 
different genotypes

• Slight tendency towards 
negative correlation with 
baseline CYP2C9 activity 
(r=-0.23, p=0.009)

Additive 
effect!



Effect of paroxetine m.d. 
on s.d. flecainide kinetics

7 subjects each with 
group 1: *1(*2)/*1
group 2: *1/*10
group 3: *10(*36)/*10

Flecainide elimination 
different between 
groups

Paroxetine effects only 
in groups 1 and 2

Lim et al.,  2008
No additive effect!?



Reasons for discrepancies

Simple pharmacokinetics

Nonlinear pharmacokinetics

Do DME handle all substrates and inhibitors 
the same way?



If the inhibitor is also a substrate 
to the respective enzyme

• Concentration of the inhibitor also depends on 
number and kind of alleles coding for active enzyme 

Competitive inhibition
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Paroxetine s.d. Clearance and CYP2D6 Genotype
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Paroxetine m.d. Pharmacokinetics and CYP2D6 Genotype
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Variant alleles with existing 
enzyme expression

• May have an altered activity in general

• May have substrate – specific and/or inhibitor –
specific differences compared to wild-type enzyme

• May differ with regard to regulation (e.g., inducibility 
[also contributing: CAR / PXR variants!])

Lambda et al.,  2005



Differential inhibitor/substrate interaction
Modification of CYP3A4 
metabolism (concentration 
around Km) by selected 
inhibitors (30 µM)

Kenworthy et al. Br J Clin 
Pharmacol. 1999;48:716–727

substrates: dextromethorphan, 
diazepam, midazolam, triazolam, 
erythromycin, cyclosporin, 
testosterone, terfenadine (different 
pathways), nifedipine, 
benzyloxyresofurin 



Less simple facts about 
interactions and genetics

• Several mechanisms may influence the 
extent of metabolic DDIs for variant enzymes

• Experimental data needed

• Single dose studies probably not sufficient

• Results may be counter-intuitive



How to take inhibitors / genotype into 
account?

“activity scores” for genotype?

“inhibitor scores” (strong /weak) for kind of inhibitor?

(by this approach, both explained >20 % of variability 
in endoxifen concentrations)

Dose: Estimation of I/Ki?  



Summary

• Drug interactions are among the most frequent 
(avoidable?) causes of drug failure and side 
effects

• Pharmacogenetic profiles may potentiate or 
attenuate the effects of drug interactions

• The interplay between genotype and drug-drug 
interactions may be complex and even counter-
intuitive

• Information is scarce

• Sophisticated algorithms needed
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