
Modelling drug-drug interactions between 
morphine and methylnaltrexone 
 

OBJECTIVES 

• Establish the population PK-PD relationship of morphine after 

rectal administration 

• Use pupil diameter as a central biomarker for morphine response 

• Investigate if methylnaltrexone (peripheral opioid receptor 

antagonist) interacts with central morphine response 
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MATERIALS AND METHODS 
 

• Randomized, placebo controlled, 

double-blinded, four-way cross-

over study 
 

• 30 mg morphine hydrochloride 

administered rectally 
 

• 15 healthy male volunteers 
 

• 3 h sampling of plasma and pupil 

diameter 
 

• PK samples from a previous 

study included [2] 
 

• Sequential approach: 

• PK data fitted alone 

• PK populations parameters 

fixed in PD modelling 
 

• Variability tested:  

• Inter-individual  

• Inter-occasion  

• Inter-study 
 

 

• Covariates tested: age, weight, 

height, co-administration of 

methylnaltrexone 

 

• Software: 

• NONMEM 7.3 

• PsN 3.7.6 

• R 

• Pirana 
 

 

 

 

 
 

 

 

 

 

 
 

             

RESULTS AND 

CONCLUSION 

• The effect of morphine on pupil 
diameter was described with an 
inhibitory sigmoid Emax model 
 

• Baseline and EC50 varied 
between individuals and 
occasions 
 

• Equilibration half-life was 3.15 h 
 

• No covariate relationships 
identified for morphine PD 
 

• Co-administration of 
methylnaltrexone did not affect 
morphine PK or central PD effect 
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Visual predictive checks (VPCs) of the morphine pharmacokinetic (PK) model for rectal administration of morphine in study 1 and study 2, and the 

pharmacodynamic (PD) model for morphine effect on pupil diameter. The VPCs are stratified on treatment arm. The black solid line is the observed 

population median, the dashed lines are the 5th and the 95th percentiles of the observed data. The dark coloured area is the 95% confidence intervals for 

the predicted population median and the light areas are the 95% confidence intervals of the predicted 5th and 95th percentiles. The VPCs are based on 2000 

simulations. MNTX: methylnaltrexone. 

BACKGROUND 
 

• Morphine is the mainstay of treatment of moderate to severe pain 

 

• Rectal administration of morphine is a cheap and non-invasive 

alternative to oral administration of morphine 

 

• Many morphine-induced adverse effects occur in the gastrointestinal 

tract 

 

• Methylnaltrexone is a peripheral µ opioid receptor antagonist 

 

• Pupil diameter is thought to be a useful central biomarker for   

    morphine response [1] 
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Pupil diameter was measured at 

baseline and repeatedly until 3 h after 

morphine administration. A sampling 

matrix was used with 12 samples per 

individual. Figure adapted from 

Brokjaer et al. 2015 [3]. 

aInter-study variability, IIV: inter-individual variability, IOV: inter-occasion variability 


