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ABSTRACT Objective: M5 muscarinic acetylcholine receptor(M5R )selective antagonists provide a new approach for the treatment
of drug addiction. By using virtual screening, structural optimization, and molecular/cell-based pharmacological activity evaluation, we
aimed to obtain novel M5R-selective antagonists. Methods: Virtual screening was used to obtain hits with new scaffolds and structural
modification was carried out to optimize the hit structure. By using radioligand binding assay, the binding affinities were measured and
the subtype-selectivities were evaluated on all five muscarinic receptor subtypes. Then, cell-based calcium mobilization assay was
performed to characterize the antagonistic activity. Results: Through virtual screening, WXY-1-1 was identified to be an M5R antagonist
with a new scaffold. Twenty new structures were synthesized during three rounds optimization. According to radioligand binding assay,
WXY-3-5 displayed submicromolar affinity (Ki=0.7 wM) to M5R and relative subtype-selectivity, which was 9-35 folds higher than
other 4 subtypes. By using calcium mobilization assay, WXY-3-5 was identified as an antagonist (ICs=6.1 wM). Conclusions: Through
virtual screening, structural optimization, and pharmacological activity evaluation, an M5R selective antagonist was discovered with a
new scaffold and well characterized, which provided a promising novel lead structure for further drug development.
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Fig.1 The structures of novel M5 acetylcholine receptor antagonists

WXY-1-1 (A) and WXY-3-5 (B)
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Table 1 The inhibition of optimized compounds on the binding of radioligand to five receptor subtypes

Chemical Molecular Specific Binding+SD (%)
Compound .
Formula Weight(Da) MIAChR M2AChR M3AChR M4AChR MS5AChR
WXY-1-1 CsHu Ny 259.35 50.56+0.65 72.94+0.51 64.66+0.75 27.18+1.55 70.93+12.79
WXY-1-2 C.H,N,0, 275.31 116.52+2.22 100.95+3.70 90.23+3.01 81.73+3.45 79.46+8.96
WXY-1-3 CoHN,0, 32241 67.07+3.29 109.60+1.31 97.941+4.96 82.3420.34 95.49+15.99
WXY-1-4 CooH,N;O 300.36 89.55+1.80 121.12+0.68 103.37+1.12 104.54+3.88 84.43+0.82
WXY-1-5 C,;H,FN,0O 26233 105.85+6.78 107.47+6.43 104.76+7.67 90.72+3.85 86.05+12.41
WXY-1-6 C.H,N;O 24533 101.39+0.09 49.48+3.97 104.31+4.54 64.67+3.97 85.25+0.03
WXY-2-1 C,HxN,0, 308.38 96.85+3.15 104.80+4.26 106.37+1.95 95.25+1.22 78.28+3.69
WXY-2-2 C,H,BIN;O 309.21 93.41+2.69 71.90+1.80 84.46+3.31 72.33+3.43 70.55+2.33
WXY-2-3 CoH,N;O 315.38 82.25+4.95 125.46+3.62 130.52+2.64 96.76+2.29 79.92+5.33
WXY-2-4 C,H.N,O 320.44 70.23+0.59 84.72+3.91 88.77+2.97 84.01+4.02 65.98+2.05
WXY-2-5 CH,N,O, 29234 90.27+4.41 129.69+1.86 104.12+3.80 102.92+2.01 83.19+13.53
WXY-2-6 CoH2N;O 306.41 67.75+0.27 112.09+3.36 119.67+11.24 91.41+1.60 71.31+3.28
WXY-2-7 CH,N;O 25935 98.33+1.48 59.10+1.60 82.20+7.19 73.4912.43 77.13+1.16
WXY-3-1 CsH,N;O 259.35 82.00+0.37 62.80+2.75 81.20+4.51 58.49+3.43 72.09+4.65
WXY-3-2 C,H,BIN;O 310.20 71.71£1.58 55.59+1.59 71.1822.82 44.46+0.96 63.95+1.17
WXY-3-3 CoHN;O 306.41 55.95+2.25 84.4442.69 92.69+3.09 68.45+3.75 63.53+12.71
WXY-3-4 CyuHyNyo 335.45 47.49+1.49 53.78+2.47 68.67+4.76 39.48+0.59 37.59+4.27
WXY-3-5 CxHuNO 330.43 21.0522.09 22.46+1.12 66.93+7.79 69.47+0.18 3.96+0.79
WXY-3-6 CH,N;O 259.35 93.4243.62 105.15+6.96 70.18+3.61 69.62+1.64 58.14+2.33
WXY-3-7 CHaNyo 272.39 53.1620.47 54.30+0.82 88.22+7.40 38.87+1.54 57.3742.32
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Fig. 4 The comparison of subtype selectivity between WXY-1-1 and WXY-3-5

Note: A represents the dose-dependent inhibition of WXY-1-1 on [*H]-NMS specific binding;

B represents the affinity and the subtype selectivity of WXY-1-1; C represents the dose-dependent inhibition of WXY-3-5 on [*H]-NMS specific binding;

D represents the affinity and the subtype selectivity of WXY-3-5.
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