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Abstract. This study investigates the antibacterial activity of novel metal complexes synthesized 

using levofloxacin (LEV) as a ligand. The in vitro antimicrobial effects of these complexes were 

evaluated against three clinically significant bacterial strains: Bacillus subtilis, Escherichia coli, 

and Pseudomonas aeruginosa. The synthesized copper(II), cobalt(II), and nickel(II) complexes of 

levofloxacin were tested using the agar well diffusion method at a fixed concentration of 35 

µg/mL. The diameter of the bacterial growth inhibition zones was measured and compared to those 

produced by free levofloxacin and the corresponding metal salts. Results demonstrated that the 

metal complexes exhibited significantly enhanced antibacterial activity compared to levofloxacin 

alone, with the copper complex showing the highest efficacy. These findings suggest that metal 

complexation with levofloxacin can improve its antimicrobial potency and may serve as a 

promising strategy for developing more effective antibacterial agents.. 
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Introduction. Currently, due to global climate change, increasing pollution of the atmosphere and 

environment with various wastes has led to the rise of harmful microorganisms and the diseases 

they cause. This situation increases the need for antibiotics, which imposes on scientists in the 

fields of chemistry, biology, and pharmaceutical medicine the task of creating new and effective 

drugs, reducing their concentration, and increasing the scope of action [1]. Levofloxacin (LEV) 

[2-3] is one of the most effective fluoroquinolones, a biologically active compound that is used in 

medical practice as a drug, and is included in the group of broad-spectrum fluoroquinolones. It is 

used in the clinical treatment of many infections, such as chronic prostatitis, skin and soft tissue 

infections, lung and urinary tract infections [4-5]. It is known from the literature that in many 

cases, metallocomplex compounds of a particular drug are active relative to the free ligand [6]. 

From the research, metallocomplexes of LEV containing a pyridine ring, which have certain 

bioactive properties, have been synthesized and studied [7-8]. Therefore, the synthesis of LEV-

based metal complexes and the investigation of their bioactivity remain pressing research areas. 
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Research methodology. Chemicals, instruments and calculations. In this study, the antibacterial 

properties of levofloxacin and its synthesized metal complexes were evaluated in vitro on strains 

of Bacillus subtilis-5, Escherichia coli-221, Pseudomonas aeruginosa-225, Staphylococcus aureus-

91, Candida albicans-247 obtained from the microbial culture collection at the Institute of 

Microbiology, Academy of Sciences of the Republic of Uzbekistan (ASRUz) [9]. 

Experimental part. Antibiotic resistance of microorganisms is currently emerging as a serious 

global medical problem. Antibiotic resistance of microorganisms significantly complicates the 

treatment of infections. Resistant strains place an excessive burden on the health system, increase 

the risk of mortality, and reduce the effectiveness of medical procedures such as surgery and cancer 

treatment. Therefore, it is necessary to develop effective antimicrobial therapies, as well as 

optimize existing antibiotics using chelation processes [10]. 

The antibacterial properties of levofloxacin and the synthesized complexes (labeled as Compounds 

1-3) were tested in the laboratory of the “Collection of Microorganisms” of the Institute of 

Microbiology of the ASRUz. The experiments were conducted in vitro on strains of Bacillus 

subtilis, Escherichia coli, and Pseudomonas aeruginosa. 

In the experiments, the antimicrobial activity of LEV, Cu-complex, Co-complex and Ni-

complexes was evaluated using the “agar well diffusion” method. LEV, Cu-complex, Co-complex 

and Ni-complexes were used in the tests at the same concentration of 35 µg/ml. Levofloxacin was 

chosen as the control. Microorganisms were incubated at 28°C for 2 days, and then the inhibitory 

effect of synthetic compounds and antibiotics was evaluated by measuring the growth inhibition 

zone. All experiments were repeated five times, and statistical analysis was conducted with a 

significance level of P=0.05. In the study, standard strains of Bacillus subtilis, Escherichia coli and 

Pseudomonas aeruginosa were obtained from the collection of the Institute of Microbiology in 

Tashkent. 

Antibacterial activity tests of the synthesized Cu-complex showed that the biological effect of the 

complex was significantly enhanced against LEV (Table 1, Figure 1). According to the data 

obtained, the activity of the complex against gram-negative Escherichia coli bacteria was 45% 

higher than that of levofloxacin. 

1-jadval 

Antimicrobial activity of levofloxacin (LEV) and complex compounds synthesized on its 

basis (3-5 days) 

 

№ Sample Antagonistic activity d (growth inhibition zone), 

mm 

Escherichia coli Bacillus 

subtilis 

Pseudomonas 

aeruginosa 

0001 LEV (control) 20 ± 0,43 18 ± 0,41 16 ± 0,35 

0002 CuSO4∙5H2O 16 ± 0,35 15 ± 0,65 15 ± 0,84 

0003 [LEVH3]2[Cu3Cl9(H2O)2]Cl 29 ± 0,62 27 ± 0,26 26 ± 0,75 

0001 LEV (control) 20 ± 0,43 18 ± 0,41 16 ± 0,35 

0004 CoCl2∙2H2O 08 ± 0,25 07 ± 0,25 07 ± 0,15 

0005 [LEVH2]2∙[CoCl4]∙2H2O 27 ± 0,41 24 ± 0,15 23 ± 0,65 
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0001 LEV (control) 20 ± 0,43 18 ± 0,41 16 ± 0,35 

0006 NiSO4∙7H2O 12 ± 0,36 10 ± 0,23 9 ± 0,95 

0007 [Ni(LEV)2EDA]∙7H2O 28 ± 0,55 26 ± 0,91 24 ± 0,10 

 

In this study, Levofloxacin was selected as the control substance. At the same time, the results of 

the desired metal salts and complex compounds were studied together and compared. Metal salts 

showed a very poor result compared to LEV. However, our complex compounds showed a better 

result compared to LEV. For example: The activity results obtained for complexes with copper, 

cobalt and nickel metals against the gram-negative bacterium Escherichia coli were improved by 

45%, 35% and 40% compared to the activity of levofloxacin, respectively. The activity of these 

complexes against Bacillus subtilis was improved by 50%, 33.3% and 44.4% compared to the 

activity of the ligand (LEV), respectively, while the activity against Pseudomonas aeruginosa was 

improved by 62.5%, 43.75% and 50% compared to the activity of the ligand (LEV). These findings 

confirm that the antibacterial activity of organic compounds can be enhanced through metal 

complexation. 

 

 
Escherichia coli 

 
Bacillus subtilis 

 
Pseudomonas aeruginosa 

Figure 1. Antibacterial activity of the cobalt complex against Bacillus subtilis, Escherichia 

coli, and Pseudomonas aeruginosa. 

 

Although the antimicrobial effect of the Cu complex is similar to that of the Co complex and Ni 

complex, the result suggests that the presence of metal ions contributes significantly to the 

enhanced antimicrobial properties of the complexes.. 

The results obtained indicate that the antibacterial activity of the metal complexes is higher than 

that of levofloxacin. The activity of the copper complex against the bacteria Bacillus subtilis, 

Escherichia coli and Pseudomonas aeruginosa is significantly higher than that of the cobalt and 

nickel complexes. 

The antibacterial activity of Cu, Co, and Ni complexes, respectively, is higher than that of 

levofloxacin, indicating that they may be more effective than traditional antibiotics in treating 

infections caused by various microbes. 

Conclusion. As a result of the studies conducted, Levofloxacin was selected as the control 

substance and the results of the desired metal salts and complex compounds were compared. Metal 
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salts showed very poor results compared to LEV, but our complex compounds showed better 

results compared to LEV. 

It can be concluded that the antibacterial activity of the synthesized metal complexes exceeds that 

of levofloxacin alone, indicating that they may be more effective than traditional antibiotics in 

treating infections caused by various microbes. 

 

References 

1. Lutgring J. D., Granados C. A. D., McGowan J. E. Antimicrobial resistance: an international 

public health problem //Antimicrobial Drug Resistance: Clinical and Epidemiological Aspects, 

Volume 2. – 2017. – С. 1519-1528. 

2. Rasulov A., Torambetov B., Alimnazarov B., Kadirova S., Suyunov J., Nazarov Y., Ashurov J. 

Norfloxacinium nitrate // IUCrData, 2024. T. 9. x240813 // 

https://doi.org/10.1107/S2414314624008137. 

3. Suyunov J.R., Turaev Kh.Kh., Alimnazarov B.Kh., Ibragimov A.B., Mengnorov I.J., Rasulov 

A.A., Ashurov J.M., Synthesis and crystal structure of tetra-aqua-(ethylenediamine-N,N′)-

nickel(II) naphthalene-1,5-disulfonate dihydrate. IUCR Data (International Union of 

Crystallography) 2023, 8, x231032 https://doi.org/10.1107/S2414314623010325   

4. Fernández-G, J. M., & Espinosa-Pérez, G. (1994). The crystal and molecular structures of 2-

hydroxy-1-naphthalenecarboxaldehyde and 3-hydroxy-2-naphthalenecarboxaldehyde. Journal of 

Chemical Crystallography, 24(2), 151–154. https://doi.org/10.1007/BF01833672.  

5. Jayamani, A., Bellam, R., Gopu, G., Ojwach, S. O., & Sengottuvelan, N. (2018). Copper(II) 

complexes of bidentate mixed ligands as artificial nucleases: Synthesis, crystal structure, 

characterization and evaluation of biological properties. Polyhedron. 

https://doi.org/10.1016/j.poly.2018.09.011 

6.  Eshkurbonov, F.B., Izatillayev, N.A., Rasulov, A.A., Ashurov, J.M. & Safarova, E.R. (2025). 

Physico-chemical studies of mono-aqua-coordinated copper-based bis(hydroxynaphthaldehyde) 

complex. New Materials, Compounds and Applications, 9(1), 134-141 

https://doi.org/10.62476/nmca.91134   

7. Xcalibur. Oxford Difraction Ltd. CrysAlisPro. Version.1.171.33.44, 2009. 

8. G. M. Sheldrick, “SHELXS-97 and SHELXL-97, Program for Crystal Structure Solution and 

Refinement,”University of Gottingen, Gottingen, 1997. 

9. C.F. Macrae, I.J. Bruno, J.A. Chisholm, P.R. Edington, P. McCabe, E. Pidcock, L. Rodriguez-

Monge, R. Taylor, J. van de Streek, P.A. Wood, Mercury programme// J Appl Crystallogr. – 2008. 

-41.-466-470. 

10. Bozarova M. I., Rasulov A. A., Ashurov J. M. Synthesis and hirschfeld surface analysis of 

organic salt crystal of levofloxacin formed with dithionate anion //uzbek chemical 

journal/O'zbekiston kimyo jurnali. – 2024. – т. 1. – №. 3. 

11. Bozarova M. E., Rasulov A. A., Ashurov J. M. Nikel (ii) ning levofloksatsin bilan kompleks 

birikmasining xirshfeld sirt tahlili //Academic research in educational sciences. – 2024. – №. 2. – 

С. 310-312. 

12. Bozorova M. I., Rasulov A. A., Ashurov D. M. Ni (II) ning norfloksasin bilan yangi kompleks 

birikmasi sintezi va uning analiz natijalari tahlili //Журнал гуманитарных и естественных наук. 

– 2024. – №. 8. – С. 41-46. 

https://www.academicpublishers.org/journals/index.php/ijai
https://doi.org/10.1107/S2414314624008137
https://doi.org/10.1107/S2414314623010325
https://doi.org/10.1007/BF01833672
https://doi.org/10.1016/j.poly.2018.09.011

