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DESCRIPTION 
 

Antimicrobial Resistance (AMR), a global health concern marked by microorganisms' growing tolerance to traditional 

medicines, has made transition metal complexes attractive targets. Coordination of transition metals including copper, 

zinc, cobalt, iron and silver with either organic or inorganic ligands results in these complexes, which have special 

chemical and biological characteristics that make them appealing for antibacterial applications. Recent years have seen 

a surge in the investigation of transition metal complexes as possible antibacterial agents due to the pressing need for 

innovative treatment approaches to fight Multidrug-Resistant (MDR) infections. The many ways in which transition 

metal complexes work are among the main factors that make them interesting. Transition metal complexes can 

interfere with several processes within microbial cells, in contrast to conventional antibiotics that frequently target a 

single biological activity.  

 

Resistance development is less likely thanks to this complex method of action. For example, when transition metal 

complexes interact with microbial organisms, they produce Reactive Oxygen Species (ROS). Cell death results from 

oxidative damage caused by these ROS to lipids, proteins and DNA. Iron (III) and copper (II) complexes are 

especially good at producing ROS because they use their redox-active characteristics to cause oxidative stress in 

pathogens. The incorporation of bioactive ligands into transition metal complexes further enhances their antimicrobial 

efficacy. Ligands play a essential role in modulating the stability, solubility and biological activity of the complexes. 
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For instance, Schiff base ligands, derived from the condensation of primary amines and carbonyl compounds, are 

commonly used in the design of antimicrobial metal complexes. These ligands not only stabilize the metal center but 

also contribute to the overall antimicrobial activity. Transition metal complexes have demonstrated efficacy against 

fungal infections in addition to their bactericidal characteristics. Immunocompromised people are at serious risk from 

fungal infections, especially those brought on by Aspergillus and Candida species. Because they break fungal cell 

membranes or inhibit important enzymes involved in fungal metabolism, metal complexes, such those based on zinc 

and nickel, have shown strong antifungal action. These complexes' broad-spectrum potential is demonstrated by their 

capacity to target both bacterial and fungal diseases. Pharmacokinetic and toxicological aspects must be carefully 

taken into account while designing and optimizing transition metal complexes for antibacterial applications. Despite 

the strong in vitro activity of many complexes, their clinical translation is contingent upon their safety, stability and 

bioavailability. Encapsulation in nanocarriers, the use of biodegradable ligands and the creation of prodrugs that 

release the active complex in a regulated way are methods to improve the therapeutic index of metal complexes. 

Encapsulating metal complexes in polymeric nanoparticles or liposomes, for instance, has been demonstrated to 

enhance their stability and targeted administration while reducing off-target effects. 

 

In order to fight illnesses linked to biofilms, research into transition metal complexes is also being expanded. Known 

to be resistant to traditional antibiotics, biofilms are organized colonies of microbial cells covered in an extracellular 

matrix. Silver and gallium-based transition metal complexes in particular have shown promise in preventing the 

creation of new biofilms and eliminating existing ones. These complexes do this by either directly breaking down the 

extracellular matrix or by interfering with quorum sensing, a communication mechanism that bacteria utilize to 

coordinate the creation of biofilms. The development of transition metal complexes as antibacterial agents is still 

fraught with difficulties, despite their potential. The possible toxicity of these complexes to human cells is a 

significant worry. Some metals, like copper and silver, can be harmful at high quantities, whereas others, like iron and 

zinc, are necessary nutrients and usually well tolerated. This problem can be solved by carefully designing and 

optimizing the complexes to strike a balance between host safety and antibacterial efficacy. Since the extensive use of 

metal-based compounds may result in the buildup of metals in the environment, environmental considerations must 

also be taken into account. Sustainable antibacterial treatments need the development of recyclable or biodegradable 

metal complexes and the use of green chemistry concepts in their production. 

 

In conclusion, in the battle against antibiotic resistance, transition metal complexes provide a potential new avenue. 

Their broad-spectrum activity, various modes of action and capacity to overcome resistance make them excellent 

options for creating next-generation antibiotics. By combining developments in pharmacology, nanotechnology and 

coordination chemistry, transition metal complexes may be essential in combating the worldwide AMR issue and 

offering long-term, efficient ways to treat infectious illnesses 


