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Abstract 11 

 The rapid emergence of multidrug-resistant (MDR) bacteria poses a major challenge 12 

to clinical treatment, largely driven by efflux pump overexpression and biofilm formation. 13 

Metal salts and complexes have recently gained attention as novel antibacterial strategies. 14 

Zinc sulfate demonstrated strong efflux pump inhibition against Pseudomonas aeruginosa 15 

clinical isolates, reducing MDR phenotypes even at sub-inhibitory concentrations and 16 

showing synergism with multiple antibiotics. Likewise, α-picolinic acid-derived 17 

palladium (II) complexes, especially QSL_Pd5A, inhibited the NorA efflux pump in 18 

Staphylococcus aureus, disrupted biofilm formation, and enhanced fluoroquinolone 19 

activity. Notably, QSL_Pd5A retained potency at low concentrations without significant 20 

cytotoxicity, while molecular docking confirmed its high affinity for the NorA protein 21 

through extensive hydrophobic interactions. Collectively, these findings underscore the 22 

promise of metal salts and palladium complexes in sensitizing resistant pathogens to 23 

antibiotics and suppressing resistance mechanisms, offering a potential foundation for 24 

next-generation antimicrobial development. 25 
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