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Introduction. Pain is a significant challenge to global public health. According to the World Health Organisation’s analgesic ladder, opioids remain the primary therapy for managing moderate to severe pain. Opioid receptors are divided into three principal subtypes: μ-, δ- and κ-opioid receptors (MOPr, DOPr and KOPr). Conventional opioid analgesics exert their effects predominantly through MOPr activation, but their clinical application is limited by severe adverse effects, highlighting the need for safer alternatives. Endogenous opioid peptides (EOPs) provide a promising alternative path to novel analgesics with a reduced side-effect profile. Among these, β-endorphin 1-31 (BE1-31) is a potent MOPr agonist, while the truncated derivative β-endorphin 1-13 (BE1-13) remains functionally active. This work investigates the rational design and pharmacological evaluation of bivalent peptides derived from BE1-13.
Aims. To design, synthesise, and characterise bivalent derivatives of BE1-13 as peptide ligands, and to evaluate their pharmacological efficacy, potency, and selectivity at the MOPr.
Methods. Solid-phase peptide synthesis (SPPS) was employed for peptide generation. The efficacy, potency, and selectivity of peptides were evaluated by cAMP inhibition assays in HEK293 cells overexpressing MOPr, KOPr and DOPr.
Results. The inhibitory potency of BE1-13 (275.1±31.7nM) and BVE13-001 (69.5±8.6nM) was markedly lower than that of fentanyl (9.9±1.1nM, n=3, t-test, P＜0.05) at the MOPr. BVE13-005 showed significantly higher potency than monovalent, exhibiting no significant difference compared with fentanyl (7.8±0.9 nM, n=3, t-test, P＜0.05).
Discussion. BVE13-005 demonstrated enhanced potency compared to the parental peptide BE1-13, with activity approaching that of the clinically used agonist, fentanyl. This supports the notion that bivalent design represents a valuable structural modification strategy, consistent with biphalin (Lipkowski et al.,1982). We propose that linking two pharmacophores at a defined distance can increase local drug concentration and promote synergistic interactions, thereby improving receptor targeting. In contrast, BVE13-001 failed to show improvement, likely due to its relatively shorter linker length. These findings underscore the crucial role of linker architecture in determining pharmacological performance and further confirm that the bivalent strategy is a promising approach to enhance opioid peptide potency.
