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Introduction. Pain represents a global public health problem. The WHO analgesic ladder categorises opioids as the major treatment for moderate and severe pain. There are three main subtypes of opioid receptors: the mu-opioid receptor (MOPr), the delta-opioid receptor (DOPr), and the Kappa-opioid receptor (KOPr). Classic painkillers activate the MOPr to relieve the pain by blocking the pain signal transmission. Since the adverse effects of clinical opioids have become a severe problem for safe and effective drug use, the potential of new medicines based on endogenous opioid peptides (EOP) without adverse effects is an alternative to traditional small molecule opioids. Specifically, β-endorphin 1-31 (BE1-31) is highlighted as a potent analgesic targeting the MOPr. This study focuses on designing and assessing novel peptides using functional fragments of BE1-31 with a bivalent or dual pharmacophore. Lead bivalents in the series designed and reported in this study are BVE13-003 and BVE13-523.
Aims. Design, synthesise and characterise bivalent forms of BE1-31 analogues as bivalent peptides. Evaluate synthesised peptide libraries' pharmacological efficacy, potency and selectivity against MOPr, DOPr and KOPr.
Methods. Peptides are synthesised via the solid-phase peptide synthesis (SPPS). The cAMP inhibition of peptides is used to assess efficacy, potency, and selectivity in HEK293 cells overexpressing MOPr, DOPr, and KOPr.
Results. From the panel of bivalents screened, BE1-13 and BVE13-523 showed lower potency (IC50) than fentanyl for MOPr (0.19±0.02μM, 8.48±5.85μM and 7.89±1.61nM, respectively, n=3, t-test, P＜0.05). BVE13-003 showed promise compared to BVE13-523 (64.11±11.76nM, n=3, t-test, P＜0.05). 
Discussion. BVE13-003, as the bivalent form of BE1-13, showed enhanced activity compared to BE1-13. It is consistent with Biphalin reported by Lipkowski, A. W et al. A dual pharmacophore connected by a linker is considered to increase drug concentration at local sites and plays a synergistic role in improving the possibility of targeting the receptors. The different linkers provide different lengths and abilities to target receptors. Although not all bivalents showed improvements, the relationship needs to be explored by expanding the library of bivalents prepared with varying-length linkers. Meanwhile, the peptides should be assessed IC50 in DOPr and KOPr to confirm the selective for MOPr.
