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3.  P450 Drug Metabolism DDIs: Induction (2012) 
 
General Introductiona and Definition of a DDI: 

 
A drug-drug interaction (DDI) occurs when two drugs, each of which is safe and efficacious alone at 
their respective doses, produce either a toxic or subtherapeutic effect when given in combination.   
 

 
 

Metabolism-based DDIs:  A substantial fraction of drug-drug interactions occur as the result of drug 
induced changes in drug metabolizing capacity (metabolic clearance).   
  
Metabolic drug-drug interactions, when anticipated, can often be managed or avoided by: 

  
1.  Selecting a different non-interacting pair 

  
2.  Dose changes of the object drug adjustments at the initiation and termination of polytherapy.  

 
For convenience we will refer to the two drugs as the object drug the interactant drug. 
 

Object Drug:  The drug whose metabolism has been altered by the Interactant Drug. 
 

Interactant Drug:  The drug that is causing a change in the activity or amount of the drug 
metabolising enzymes that control the metabolic clearance of the object drug. 
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Effect of an 
Interactant Drug on 
Active P450 Levels  

Condition Effect of Interactant 
Drug on Object 
Drug Clearance 

(Cl) 

Effect of Interactant 
Drug on Object 

Drug Half-life (t1/2) 

↓ Enzyme Inhibition ↓ ↑ 
↑ Enzyme Induction ↑ ↓ 

 
Let’s look at an example where we see both effects on a single object drug: 

 
 

Alfentanil (synthetic opiod for parenteral use) metabolic clearance via N-dealkylation to nor-
alfentanil by CYP3A4.  Other drugs in the class are fentanyl and remifentanil (also CYP3A substrates). 
 

Rifampicin is an antibacterial used in the treatment of tuberculosis.  It is a general and potent 
inducer of P450 enzymes including CYP3A4, CYP2C9 and CYP2C19. 
 
 Troleandomycin (TAO) is an erythromycin analog and a potent slective inhibitor of CYP3A4 
in vivo.  Erythromycin and clarithromycin (another erythromycin analog( are also a selective inhibitors 
of CYP3A4 and produce significant interactions but are not as potent as TAO at normal doses. 
 
 
 

 
PK parameter Control Rifampin Troleandomycin 
Cl (ml kg-1 min -1) 5.3 14 1.1 
Vd (L/kg) 0.43 0.56 0.52 
T1/2 (min) 58 35 630 
 
 

!
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Let’s look at another example using a different object drug midazolam i.v. and the same two 
interactant drugs.  CYP3A4 controls about 90% of midazolam clearance. 
 

 
(a)   

 
 
      Coadministered Drug 
Midazolam 
Pharmacokinetic Parameter  Rifampin None  Troleandomycin 
 
Half-life (hr)       1.5 (↓)    3  15 (↑) 
 
Clearance (ml kg-1 min-1)     8.7 (↑) 3.3  0.8 (↓) 
 
So we see exactly the same pattern of effect on half-life and clearance.  Note that the magnitude of 
the effect of induction is less than the magnitude of effect for Troleandomycin.  Erythromycin is also a 
clinically significant inhibitor of CYP3A4.   
Why is it important that we can draw these patterns and correlations from clinical 
studies?....Because it reduces the number of studies that need to be done for any given object 
drug where we are worried about an interaction.   
 
Corallary: If a group of object drugs are metabolised significantly by a given enzyme then the 
effect of a given interactant drug on clearance should be seen for all of those object drugs. 
 
2)  Induction of P450 Enzymes: 
 

a) Note:  Induction of P450 enzyme levels normally takes days to reach full effect.  Similarly de-
induction due to removal of an inducing agent also takes days to reach completion.  If the levels 
of the P450 enzyme(s) that are responsible for metabolizing an object drug are induced by 
administration of an interactant drug, then the dose of the object drug may need to be altered in 
order to achieve safe therapeutic concentrations.    We consider two likely scenarios 

  
i) Adding an interacting inducer to an object drug therapeutic regimen results in 

subtherapeutic concentrations of the object drug:  If the increase in metabolic capacity is 
not recognized when an interactant drug is added to a therapeutic regimen of the object 
drug and appropriate steps taken, the levels of the object drug may fall to subtherapeutic 
levels as enzyme levels and metabolic capacity increase.  
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ii) Removing an interacting inducer from a therapeutic regimen:  Conversely when an 

individual is stabilized on a multi drug regimen and the interactant inducing drug is 
removed, the levels of the object drug may increase to toxic levels as enzyme levels and 
metabolic capacity falls. 

 
b) The extent of induction caused by drugs on the market is usually no greater than 2-3 fold.  

However, in some cases the effect can be magnified due to first pass metabolism.  This is rarely 
the case but something to keep in mind.  

 
c) Mechanisms of Induction using CYP1A2 as an example  Induction is the result of binding of a 

compound (called an inducing agent) to a soluble receptor in the cell cytosol or nucleus.  
Sometimes there are many binding proteins involved in the process.  The final receptor drug 
complex binds to upstream regions of the gene that codes for a P450 enzymes known as XRE's 
(xenobiotic response elements) and turns on transcription. The induction of CYP1A2 is best 
understood.   

 
i) Binding of inducing agents (TCDD, omeprazole, polycyclic aromatic hydrocarbons) to the 

AhR receptor leads to increased transcription of the DNA coding for CYP1A2. 
 

 
 
CYP1A2 examples:  Induction of the CYP1A2 enzymes by PAH’s in cigarette smoke has functional 
consequences for theophylline therapy for asthma, clozapine therapy (antipsychotic) and your coffee 
bill.   Typically one sees up to a two-fold induction of CYP1A2 levels and a maximum increase in 
metabolic clearance of 2 fold. 

 
(1) Theophylline, which is used to treat asthma, is cleared from the body mostly due to 

CYP1A2 dependent metabolism.  The mean dose of theophylline that is required to 
produce therapeutic drug levels is 60% higher in smokers than in the normal population 
due to induction of CYP1A2.  About 60% of the clearanc of theophylline is due to 
CYP1A2. 

 
(2) Clozapine;  Antipsychotic:  After initiation of clozapine therapy institutionalized 

patients often quit smoking.  In this case the dose of clozapine must be decreased 2-3 
fold which means that most of the metabolism of clozapine is via CYP1A2.  
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(3) One of the benefits of smoking cessation is that caffeine consumption drops thereby 

lowering one’s tab at Starbucks.  Around 90% of caffeine clearance is due to CYP1A2.  
A pharmacist I know says the most frequent question he gets at the counter is from 
people quitting smoking (nicotine patch; etc) is “Why can’t I sleep?”  Answer is cut 
down on the coffee. 

 
ii) Other receptors can be activated by inducers to turn on expression of other P450 enzymes. 
 
Receptor Protein(s) Enzyme Induced 
AhR Receptor CYP1A2 
GC (glucocorticoid receptor) CYP3A4/5 
PXR (pregnane X receptor) CYP3A4/5, CYP2C 
CAR-RXR CYP2C 

 
iii) CYP3A4 Induction:  

(1) Major inducing drugs and herbals are Carbamazepine, Phenytoin, Barbituates, St John’s 
Wort, Dexamethasone, Rifampin 

(2) Many, many object drugs including the statins (simvistatin), oral contraceptive 
estrogens (ethinyl estradiol), the HIV protease inhibitors (saquinavir).  

(3) Example:  Effect of the object interactant drug phenytoin (an anticonvulsant) on the 
pharmacokinetics of the object drug cyclosporin (an important immunosuppressant) 
metabolized by CYP3A4.  
 

 
 
 

(4) The effect of rifampin on bioavailablity of an oral dose of midazolam is really large.  
(a)  Notice the dramatic fall in MDZ AUC.  This looks like a much bigger effect than 

the effect of rifampin on MDZ i.v. kinetics.  One reason for the magnitude of the 
effect is that oral MDZ has a big first pass effect (30% of drug reaches systemic 
circulation).  
 

(b) CYP3A in the entercytes and the liver each contribute to the first pass effect roughly 
equally.   

 
 

(c) Since these tissues are arranged in series to oral drug getting to the systemic 
circulation, a two fold induction of CYP3A4 in each tissue would result in a 4 fold 
drop in bioavailability.   
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(d) Thus the magnitude of the effects of induction on active enzyme levels in each of 
the liver and enterocyte is magnified with respect to systemic bioavailability for 
orally administered drugs.   

 
(e) Theoretically, a two fold increase in enzyme levels in each location (would result in 

a doubling in clearance by each site) would reduce bioavailablity by around four 
fold.  Naturally the real world is much more complicated than that but the general 
concept is valid. 

 

 
 
 
 

 
iv) CYP3A4 Induction by carbamazepine (epilepsy) and oral contraceptives.   

(1) “Our findings confirm a long-standing clinical suspicion; a low-dose OC performs 
poorly, in terms of ovulation suppression and cycle control, during coadministration of 
a common dose of CBZ. Some clinicians recommend extended cycle regimens with 

!

presents the flow of participants through the study. One par-
ticipant was excluded before randomization because she did
not menstruate. Twenty-four women were randomized. In
the CBZ first group, the investigator removed one partici-
pant for anemia and another withdrew. In the placebo first
group, one participant withdrew because of depression.

Five women in the CBZ first group discontinued because
of side effects in the first cycle (see subsequent text). Three
women in the placebo first group discontinued in the first
cycle; one was diagnosed with an unrelated leg sarcoma,
one was lost to follow-up, and one discontinued without giv-
ing a reason. One participant in the placebo first group dis-
continued after completing cycle two because of difficult
intravenous access. One participant in each group was
removed by the investigator after study completion due to
lost samples and because CBZ was not detected (<0.5 lg/
ml) on any routine checks.

Seventeen women took at least one dose of CBZ. Of
these, three reported no side effects. The 14 others reported
25 separate side effects: dizziness (6 participants), sleepi-
ness (5), headaches (4), and nausea (2) were most common.
One woman took a lower dose of CBZ (400 mg) during the
second cycle of CBZ treatment due to side effects. Fourteen
women took at least one dose of placebo; five reported no
side effects. The others reported 15 separate side effects:
Nausea/gastrointestinal (GI) upset (3), headaches (2), and
dizziness (2) were the most common.

Three participants had likely drug reactions during CBZ
treatment. One developed fever and elevated liver function
tests and white blood cell count; another developed a rash.
Both resolved after CBZ discontinuation. No toxic levels of
CBZ were detected.

During placebo treatment, CBZ was undetectable in rou-
tine checks. During CBZ treatment, one sample level was
3.4 lg/ml; all others were in the therapeutic range.

We conducted 149 ultrasounds during 20 cycles in 10
women. In 12 cycles, 8 ultrasounds were completed. In five
cycles, seven ultrasounds were completed; we omitted the
final ultrasound due to absent follicular growth. In three
cycles, six ultrasounds were completed due to missed visits.
We sought to perform ultrasounds twice weekly and were
usually successful. In two participants, 10 days elapsed
between ultrasounds.

We drew 73 progesterone levels. In 14 of the 20 cycles, a
progesterone level was drawn weekly. In five cycles, the
final measurement was omitted after elevated progesterone
occurred. In one cycle, progesterone was unmeasured for
10 days.

Twelve women completed both pharmacokinetic studies;
10 were available for analysis (two serum samples lost).
Table 2 presents the pharmacokinetic parameters AUC and
Cmax for each hormone by treatment condition. At 24 h,
LNG levels below the threshold of detection occurred in 6
of 10 women during CBZ exposure versus 1 of 10 women
during placebo exposure (p < 0.05).

Progesterone levels indicating ovulation occurred in five
of the CBZ cycles and one placebo cycle (p = 0.06). In the
CBZ cycles, we detected increased progesterone during the
first week after the placebo OCs in three participants. There
was no relationship between trough LNG levels and ovula-
tion (data not shown). Treatment with CBZ had no effect on
the size of maximum follicle-like structures compared to
placebo (data not shown).

All participants completed their bleeding diaries. Break-
through bleeding was more frequent during CBZ exposure.
The median number of bleeding days was seven (range

Table 1. Characteristics of participants

CBZ first
(n = 12)

Placebo first
(n = 12)

Age in years
Mean, SD 25.3 (3.9) 24.7 (5.5)
Race/ethnicity (%)
Hispanic 33 25
Non-Hispanic (%)
Caucasian 50 42
African American 8 17
Asian 8 17

Education (%)
HS or less 8 8
College, some/grad 50 58
Grad school 42 33
Income (%)
£$24,999 50 42
‡$25,000 50 58
Gravidity (%)
0 42 75
‡1 58 25
Parity (%)
0 83 83
‡1 17 17
Body mass index
Mean, SD 23.4 (3.6) 23.9 (2.9)
Range 19–30 21–30

HS, high school; SD, standard deviation.

Table 2. OC pharmacokinetic parameter estimates
during placebo versus CBZ exposure

Placebo
(n = 10)

CBZ
(n = 10) p-Value

Ethinyl estradiol
AUC (pg*h/ml) 1778 (479) 986 (192) <0.001
Cmax (pg/ml) 147 (48) 95 (23) 0.005

Levonorgestrel
AUC (ng*h/ml) 24.7 (12) 13.3 (12) 0.04
Cmax (ng/ml) 2.7 (1.4) 2.1 (1.8) 0.2

AUC calculated from 0–24 h.
For ease of interpretation, parameter estimates are presented as means

with associated standard deviations.
Values were log transformed to generate geometric means, which were

compared using a paired Student’s t-test.
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OCs containing 50 lg of EE and a shortened pill-free interval.”  Epilepsia (2011) 52; 
243-47. 

(2) Gail Anderson insists that epileptics should not rely on O.C. for birth control.  She is 
very skeptical of simply increasing the dose to match the metabolism due to other 
effects of the o.c.’s like clotting disorders. 

 
v) CYP2C9 Induction:  Inducers include rifampacin, phenytoin, barbituates;  Major object 

drug is warfarin.  Below see effect of rifampin (a CYP2C9 inducer and interactant drug) on 
warfarin levels (an anticoagulant used chronically to inhibit blood clot formation) and 
pharmacological effect.  

 
(1) Here a patient is stabilized on warfarin to a desired effect (longer blood clotting time 

due to reduced prothrombin activity).  In the chart the pharmacological effect is given 
as prothrombin activity.  

 
(2) A drop from 100% activity (10-11 second clotting time) to the desired effect (20 to 30% 

of control or a 16 to 20 second clotting time) is achieved by a chronic mean daily 
warfarin dose of 10 mg.   

 
(3) Note that warfarin levels (controlled by CYP2C9) plummet when rifampin is added to 

therapy and the prothrombin activity returns to normal (10 second clotting time).  Now 
the patient will receive no benefit from warfarin unless the dose is adjusted upwards or 
rifampin is removed.  

  

 


