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Exploiting pathological (rather than physiological) conformation
dynamics of opioid receptor-ligand interactions might yield ligands
without adverse actions. By computer simulations at low pH and
increased reactive oxygen species (hallmarks of injured/inflamed
tissue), we designed an agonist (NFEPP) that selectively activates
peripheral mu-opioid receptors (MOR) in injured tissue (at the
source of pain generation). Unlike conventional fentanyl, NFEPP
showed pH-sensitive binding and signaling. It produced injury-
restricted analgesia in rats with inflammatory pain without adverse
side effects. By computer modeling, we identified and tested only
1 (out of 13) candidate compounds, a 13-fold reduction of animal
experiments.
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NFEPP vs. fentanyl

Equipotent analgesia

in injured, not in 
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In contrast to fentanyl, 
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• motor disturbance 

• constipation 

• respiratory 

depression

Alteration of opioid receptor function by pH

NFEPP shows 

enhanced binding 

and activation of 

MOR-dependent 

signaling at low pH 

in vitro.

Do reactive oxygen species alter mu-opioid receptor function ?

Modeling of pathological receptor-ligand

interactions to design novel agonists

without animal experiments.

Inflammatory radicals induce oxidation of

cysteine (CYS) residues, which modify

MOR conformations, G-protein activation.

Our goal is to elucidate how inflammatory mediators modulate the function of opioid receptors. This will promote the 

development of novel drugs that selectively activate opioid receptors in injured tissue without eliciting side effects in the 

brain or gut. Computer modeling enables a significant reduction of animal experiments.
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