
Dumitrascuta et al.: Intrinsic Activity, 2019; 7 (Suppl.1):A2.3 

doi:10.25006/IA.7.S1-A2.3 
published online: 11 September 2019 

 

 

© 2019 Intrinsic Activity, ISSN 2309-8503; Austrian Pharmacological Society (APHAR)  page 1 of 1 (not for citation purpose) 

Joint Meeting of the Austrian Neuroscience Association (16th ANA Meeting) and  

the Austrian Pharmacological Society (25th Scientific Symposium of APHAR) 

Innsbruck, 25 – 27 September 2019 

A2.3 

Safer analgesics by dual modulation of opioid and 

neuropeptide FF receptors 

Maria DUMITRASCUTA1, Armand DRIEU LA ROCHELLE2, Karel 

GUILLEMYN3, Frédéric SIMONIN2, Steven BALLET3 and Mariana 

SPETEA1,* 

1Department of Pharmaceutical Chemistry, Institute of Pharmacy 

and Center for Molecular Biosciences Innsbruck (CMBI), University 

of Innsbruck, Austria; 2Biotechnologie et Signalisation Cellulaire, 

Université de Strasbourg, Illkirch, France; 3Departments of 

Chemistry and Bioengineering Sciences, Vrije Universiteit Brussel, 

Brussels, Belgium 

Background: Chronic pain is still poorly managed because of the 

lack of efficacious therapies and significant side effects of currently 

available analgesics. Most clinically used opioids target the μ-opioid 

receptor (MOR), and their medical use and misuse have strongly 

increased in the last decades leading to an opioid epidemic. 

Research efforts are directed towards overcoming the limitations of 

present therapies with development of new therapeutic approaches, 

including G protein-biased MOR agonists and multifunctional drugs 

with opioid / non-opioid activities. The later class of drugs may 

interact independently with their respective targets, leading to a 

synergetic antinociceptive effect and fewer adverse effects. This 

study focuses on in vitro and in vivo pharmacological profiles of 

bifunctional peptidomimetic ligands which combine within one 

molecule a MOR pharmacophore and a neuropeptide FF (NPFF) 

receptor pharmacophore. NPFF and its receptors (NPFF1/2R) are 

recognized as a key pronociceptive system involved in opioid-

induced hyperalgesia and analgesic tolerance. 

Methods: Receptor binding and [35S]GTPγS functional assays were 

performed with CHO cells expressing the human MOR or NPFFRs. 

β-Arrestin 2 recruitment assay was performed with U2OS cells 

expressing the human MOR. Antinociception was evaluated in mouse 

models of acute nociception (tail-flick test) and chronic inflammatory 

pain (complete Freund’s adjuvant–induced) after subcutaneous drug 

administration. Side effects (hyperalgesia, sedation  / motor impair-

ment, respiratory depression, constipation, analgesic tolerance and 

physical dependence) were assessed in mice. 

Results: In a HTS camping for in vitro activity at MOR and NPFFR of 

a library of bifunctional opioid  – NPFF ligands, we have identified 

KGFF03 as a MOR agonist  – NPFFR agonist, and KGFF09 as a MOR 

agonist – NPFFR antagonist. Both bifunctional peptide ligands 

preferentially biased MOR signaling toward G protein coupling over 

β-arrestin 2 recruitment. In vivo, KGFF03 and KGFF09 produce 

effective and prolonged antinociceptive effects in the tail-flick test and 

CFA-induced hyperalgesia in mice, with higher potencies than that of 

morphine. Behavioral studies established the benefit of G protein-

biased MOR agonist activity, with KGFF03 and KGFF09 showing 

reduced respiratory depression compared to the unbiased parent 

MOR agonist KGOP01. Conversely, neither KGFF03 nor KGFF09 

could alleviate opioid-related constipation in mice. Other behavioral 

observations revealed that, unlike KGOP01 and KGFF03 at the first 

administration, KGFF09 induced a transitory sedative effect with an 

impaired motor coordination that was not observed upon repeated 

administration. Interestingly, only the MOR agonist  – NPFFR antag-

onist, KGFF09, exhibited a favorable profile upon chronic admin-

istration with reduced hyperalgesia and development of analgesic 

tolerance. Moreover, KGFF09 displays reduced withdrawal syndrome 

compared to KGOP01 and KGFF03, signifying its potential to cause 

less physical dependence. 

Discussion: Our results establish KGFF09 as a dual ligand acting as 

G protein-biased MOR agonist  – NPFFR antagonist. Merging both 

properties within a single molecule gathers the beneficial effects of 

biased MOR agonists on acute side effects (respiratory depression) 

and those of NPFFR antagonists on chronic side effects (opioid-

induced hyperalgesia, tolerance and withdrawal syndrome). These 

findings pave the way to new pain therapeutics with limited side 

effects on both acute and chronic use. 
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