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Background: The κ-opioid receptor (KOR), a G protein-coupled 

receptor (GPCR) and a prominent member of the opioid receptor 

family, has gained increased consideration to drug discovery over the 

recent years. Targeting the KOR is regarded as a promising strategy 

for the treatment of numerous human disorders where the κ opioid 

system plays a central role, with special attention directed to KOR 

antagonists as innovative therapies for CNS disorders. A new 

scaffold opioid ligand (compound A: 4-[(2,3-dichlorophenyl)methyl-

amino]-2-methylquinoline-8-carboxamide) was originally found as a 

μ-opioid receptor (MOR) antagonist, but its binding  / selectivity and 

activation profile at the KOR and DOR (δ-opioid receptor) have not 

been investigated. In this study, we report on the in vitro, in vivo and 

in silico characterization of compound A by revealing this ligand as a 

KOR antagonist. 

Methods: In vitro radioligand competitive binding and [35S]GTPγS 

functional assays were performed with membranes from Chinese 

hamster ovary (CHO) cells stably expressing the human KOR or DOR 

(CHO-hKOR and CHO-hDOR cells, respectively). In vivo KOR 

antagonism was assessed in two pain models (acetic acid-induced 

writhing assay and the formalin test) in mice after subcutaneous (s.c.) 

administration. For molecular docking, Corina v3.00 was used to 

generate the 3D conformation of compound A and docking was 

performed using the GOLD (version 5.2). Molecular dynamics (MD) 

simulations were carried out using Maestro v2020-4 for system setup, 

OPLS 2005 force field for system parametrization and Desmond 

v2020-4 for performance of the simulations. Dynamic pharmaco-

phores were generated with the Dynophore software (version 0.1). 

Percepta software was used to calculate the physicochemical 

properties (partition and distribution coefficients, cLogP and 

cLogD7.4, respectively). 

Results: In radioligand competitive binding assays, compound A 

bound at the KOR, albeit with moderate affinity (in low micromolar 

range), but with increased affinity than to the MOR, and without 

specific binding at the DOR, thus displaying a preferential KOR 

selectivity profile. Behavioural investigations in mice established  

the in vivo KOR antagonist properties of compound A after  

s.c. administration. Compound A effectively reversed the antinoci-

ceptive effects of the prototypical KOR agonist, U50,488, in the 

writhing assay and the formalin test. In silico investigations estab-

lished structural determinants responsible for opioid receptor subtype 

selectivity of compound A. MD simulations and dynamic pharmaco-

phore (dynophore) generation revealed differences in the stabiliza-

tion of the chlorophenyl moiety of compound A within the binding 

pocket rationalizing the experimentally determined affinity values. 

Furthermore, compound A shows favourable physicochemical fea-

tures and a better capability to enter the CNS (based on the cLogP 

and cLogD7.4) compared to the known KOR antagonists. 

Discussion: This comprehensive study aided by experimental 

pharmacological (binding and functional in vitro assays and 

behavioral nociceptive models) and computational (in silico methods) 

approaches established compound A as a novel KOR antagonist, 

with a structurally distinct scaffold compared to the so far known KOR 

ligands. This new chemotype represents a valuable starting point for 

chemical optimization toward the development of potential KOR 

therapeutics. 
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