
Kragujevac,	September	25-26,	2025,	Serbia
3rd	International	Conference	on	Chemo	and	BioInformatics

ORGANIZERS	AND	SPONSORS

ICCBIKG 2025
International Conference 

on Chemo and BioInformatics

Book of Proceedings



 

 

 

 

 

3rd International Conference on Chemo and BioInformatics 

ICCBIKG  2025 

 

 

 

 

BOOK OF PROCEEDINGS 
 

 

September 25-26, 2025 

Kragujevac, Serbia 

 

 

 

Sponsored by 

 
    

 

 

  

 
 

 
 

 
 

 

 

  
 

 



 

 

 

 

3rd International Conference on Chemo and BioInformatics, Kragujevac, September 25-26, 2025, 

Serbia. 

Editors: 

Dr. Igor Saveljić 

Prof. Dr. Nenad Filipović 

Technical Editors: 

Dr. Vladimir Simić 

Dr. Marko Antonijević  

Proofreading: 

Kristina Milisavljević 

Press:  

„Grafo Ink“, Kragujevac  

Impression:   

10 copies 

Publisher: 

Institute for Information Technologies, University of Kragujevac, Serbia, Jovana Cvijića bb, 2025 

 

CIP - Каталогизација у публикацији Народна библиотека Србије, Београд 

 

54:004(048)(0.034.2) 

57+61]:004(082)(0.034.2) 

 

INTERNATIONAL Conference on Chemo and BioInformatics (3 ; 2025 ; Kragujevac) 

Book of Proceedings [Elektronski izvor] / 3rd International Conference on Chemo and 

BioInformatics, ICCBIKG 2025, September 25-26, 2025, Kragujevac, Serbia ; [editors Igor Saveljić, 

Nenad Filipović]. - Kragujevac : University, Institute for Information Technologies, 2025 

(Kragujevac : Grafo Ink). - 1 USB fleš memorija ; 1 x 2 x 3 cm 

 

Sistemski zahtevi: Nisu navedeni. - Nasl. sa naslovne strane dokumenta. - Tiraž 10. - Bibliografija 

uz svaki rad. 

 

ISBN 978-86-82172-05-5 

 

a) Хемија -- Информациона технологија -- Зборници b) Биомедицина -- Информациона 

технологија -- Зборници 

 

COBISS.SR-ID 176312073 

 



 

 

 

 

    

Organized by: 
 

Institute for Information Technologies, University of Kragujevac, Organizer 

 

The Ministry of Science, Technological 

Development and Innovation of The 

Republic of Serbia, Supporting organization 

 
 

University of Kragujevac, 

Suborganizer 

 

Faculty of Medicinal Sciences, University of 

Kragujevac, Suborganizer 

 

Faculty of Science, University of 

Kragujevac, Suborganizer 

 
Institute for Biological Research "Siniša 

Stanković" - National Institute of Republic of 

Serbia, University of Belgrade, Supporting 

organization 

 

Serbian Chemical Society, Supporting 

organization 

 

 



 

3rd International Conference on Chemo and 

Bioinformatics,  

September 25-26, 2025. Kragujevac, Serbia 
 

 

www.iccbikg.kg.ac.rs|  |455 

 

Synergistic antibacterial effect of copper complex and Lythrum salicaria plant 

extract 

 

Ana Kesić1,*, Andrija Gigić2, Mirjana Grujović1, Katarina Marković1, Nikola 

Srećković2, Dragana Stevanović2, Jovana Bugarinović2, Jovana Bogojeski 2 

 
1 Institute for Information Technologies, University of Kragujevac, Kragujevac, Serbia. e-mail: 

akesic@uni.kg.ac.rs , mirjana.grujovic@pmf.kg.ac.rs , katarina.mladenovic@pmf.kg.ac.rs  
2 Faculty of Science, University of Kragujevac, Kragujevac, Serbia. e-mail:  

andrija354@gmail.com, nikola.sreckovic@pmf.kg.ac.rs, dragana.stevanovic@pmf.kg.ac.rs, 

jovanabugarinovic@pmf.kg.ac.rs,  jovana.bogojeski@pmf.kg.ac.rs.  

 

* Corresponding author: Ana Kesić, akesic@uni.kg.ac.rs 
 
 
DOI: 10.46793/ICCBIKG25.453K 

 
Abstract: The increasing resistance of Pseudomonas aeruginosa to conventional antibiotics 

necessitates the exploration of novel antimicrobial strategies. This study aimed to evaluate the 

potential synergistic effects of three copper-based metal complexes (Cu1–Cu3) in combination 

with an extract of Lythrum salicaria against P. aeruginosa. The antimicrobial efficacy of the 

individual agents and their combinations was assessed through determination of minimum 

inhibitory concentrations (MICs) and calculation of the fractional inhibitory concentration index 

(FICI). The results demonstrated that all tested combinations exhibited an indifferent interaction 

(FICI between 0.5 and 4), indicating neither synergistic nor antagonistic effects. These findings 

suggest that, under the tested conditions, the combined application of copper complexes and L. 

salicaria extract does not enhance antibacterial efficacy against P. aeruginosa, although each agent 

retains individual antimicrobial potential. 
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1. Introduction 

 

Medicinal inorganic chemistry provides unique opportunities for designing 

therapeutic agents by exploiting the diverse coordination, redox, and kinetic properties 

of metal ions and their ligands [1]. The constant misuse of antibiotics has led to the 

emergence of resistant bacterial strains that no longer respond to conventional 

antibiotics. Consequently, the scientific community is increasingly focused on exploring 

new antimicrobial compounds, such as coordination complexes of transition metals [2]. 

Antibacterial properties of copper have been recognized since ancient civilizations. 

Its mechanism of action is based on the generation of reactive oxygen species (ROS), 

which irreversibly damage microbial cell membranes. Complexation between copper 
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and various organic ligands can enhance its antimicrobial activity, efficiency, and 

selectivity [2]. Ferrocene derivatives represent such a class of ligands due to their 

stability in biological environments, reversible redox properties, lipophilic nature, and 

low toxicity [3]. 

Pseudomonas aeruginosa is an opportunistic Gram-negative bacteria associated with a 

wide range of healthcare-associated infections, particularly in immunocompromised 

individuals. Its intrinsic resistance mechanisms, high adaptability, and remarkable 

ability to acquire additional resistance genes make it one of the most challenging 

pathogens to treat with conventional antibiotics. The emergence of multidrug-resistant 

and extensively drug-resistant strains has further limited available therapeutic options, 

posing a serious threat to global public health [4]. Therefore, the development and 

evaluation of novel antimicrobial strategies are crucial for overcoming current treatment 

limitations and mitigating the spread of antibiotic resistance. 

Muteeb et al. [5] were the first to report the antibacterial effect of combining metal 

complexes with aqueous extracts derived from the aerial parts and roots of Salvia 

pratensis. Building upon their findings, the present study investigates the synergistic 

antibacterial effect of combining metal complexes with aqueous extract from Lythrum 

salicaria in pursuit of enhanced antimicrobial activity. 

 

2. Methodology 

Synergy between the tested complexes Cu1-Cu3 (which are shown in Figure 1) and 

L. salicaria aqueous extract of the aerial part. (EX) against P. aeruginosa was studied by 

the checkerboard assay method [6] with modification described in detail by Muruzović 

et al. [7].  

 
Figure 1. Structural formulas of copper complexes with ferrocene-based ligands. 

 

In this research, three iminoester ligands with ferrocene were used. Ligands were 

synthesized by the condensation reaction between ferrocenecarbaldehyde and 

aminoester hydrochlorides [8]. With ferrocene-containing iminoesters as ligands, three 

novel copper complexes were synthesized. The complexes were synthesized by stirring 

equimolar amounts of (CH3COO)2Cu • H₂O and ligands in methanol for Cu2 and Cu3, 

while ethanol was used for Cu1, followed by refluxing overnight. 

In vitro interactions between antimicrobial agents were determined and quantified 

by calculating the fractional inhibitory concentration (FIC) index using the following 

formula: 
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FIC index = (MIC of drug A in combination/MIC of drug A alone) + (MIC of drug B 

in combination/MIC of drug B alone). 

Interpretation of the FIC index (FICI) was as follows: 

FICI ≤ 0.5 synergy (S); 

FICI > 0.5 – 1 additive (Ad); 

FICI 1 - 4 indifference (I), and 

FICI > 4 antagonism (An). 

The action of antimicrobial agents is considered to be 

- synergistic if their joint effect is stronger than the sum of effects of individual 

agents 

- additive if their joint effect is equal to the sum of effects of individual agents 

- indifferent if their joint effect is equal to the effect of either individual agent 

- antagonistic if their joint effect is weaker than the sum of the effects of the 

individual agents or weaker than the effect of either individual agent. 

 

3. Results and Discussion 

 

This study for the first time investigated the potential synergistic antibacterial 

activity of three copper complexes (Cu1–Cu3) in combination with an extract of L. 

salicaria against P. aeruginosa. The antimicrobial interactions between the compounds 

were assessed using the fractional inhibitory concentration index (FICI), calculated 

based on the minimum inhibitory concentrations (MICs) of the individual agents and 

their combinations. 

The FICI values, summarized in Table 1, indicated that all tested combinations 

exhibited an indifferent interaction (FICI between 1 and 4) against P. aeruginosa. These 

findings suggest that while both the metal complexes and the plant extract possess 

individual antimicrobial properties, their combined application does not result in 

enhanced (synergistic) or reduced (antagonistic) efficacy under the tested conditions. 

The lack of synergy may be attributed to differing mechanisms of action, potential 

chemical interactions that reduce bioactivity, or concentration-dependent effects not 

captured in the current setup. 

 
Table 1. Interaction between tested complexes and L. salicaria root extract (EX) on P. aeruginosa 

Combination/species MIC FIC index 

Cu1+EX 500+10000 2 (I) 

Cu2+EX 500+10000 2 (I) 

Cu3+EX 500+2500 1.25 (I) 

*MIC values of the most effective combinations given as μg/ml;  

FIC index - fractional inhibitory concentration index 
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4. Conclusions 

 

In this study, the combined antibacterial activity of copper complexes (Cu1–Cu3) 

and L. salicaria extract against P. aeruginosa was evaluated. The results demonstrated an 

indifferent interaction between the tested agents, indicating no synergistic or 

antagonistic effects under the applied conditions. While each agent showed individual 

antimicrobial activity, their combination did not enhance overall efficacy. 

Future research should focus on evaluating their activity against other clinically 

relevant pathogens. Investigating the mechanisms of action and potential effects in 

biofilm-forming conditions or in vivo models may provide further insight into their 

therapeutic potential. Additionally, structural modifications of the metal complexes or 

use of alternative plant extracts may yield more promising synergistic interactions. 
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The alarming rise of antimicrobial resistance, particularly among Gram-negative pathogens such as Pseudomonas 

aeruginosa, poses a significant threat to public health and limits the effectiveness of conventional antibiotics. Inorganic 

copper complexes and plant extracts have attracted increasing attention due to their proven individual antibacterial 

properties. Investigating potential synergistic effects between these agents may contribute to the development of novel, 

more effective therapeutic approaches against multidrug-resistant infections.

INTRODUCTION
akesic@uni.kg.ac.rs

To investigate whether the combination of three 

copper complexes (Cu1-Cu3) and Lythrum 

salicaria extract exhibits synergistic, additive, 

indifferent, or antagonistic effects against P. 

aeruginosa.

OBJECTIVE

Checkerboard method - assessment of MIC (minimum inhibitory 

concentrations) and calculation of FICI (Fractional Inhibitory 

Concentration Index).

Formula for FICI:

𝑭𝑰𝑪𝑰 =
𝑴𝑰𝑪(𝑨) 𝒊𝒏 𝒄𝒐𝒎𝒃𝒊𝒏𝒂𝒕𝒊𝒐𝒏

𝑴𝑰𝑪 𝑨 𝒂𝒍𝒐𝒏𝒆
+
𝑴𝑰𝑪(𝑩) 𝒊𝒏 𝒄𝒐𝒎𝒃𝒊𝒏𝒂𝒕𝒊𝒐𝒏

𝑴𝑰𝑪 𝑩 𝒂𝒍𝒐𝒏𝒆

Interpretation of the FIC index (FICI) was as follows:

FICI ≤ 0.5 synergy (S);

FICI > 0.5 - 1 additive (Ad);

FICI 1 - 4 indifference (I), and

FICI > 4 antagonism (An).

METHODOLOGY
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Combination MIC (μg/ml) FICI Effect

Cu1 + EX 500 + 10000 2.00 Indifferent

Cu2 + EX 500 + 10000 2.00 Indifferent

Cu3 + EX 500 + 2500 1.25 Indifferent
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The combination of copper 

complexes and L. salicaria extract 

did not enhance antimicrobial 

activity against P. aeruginosa.

Each agent individually 

demonstrated proven potential, 

but their joint action was not 

superior to the individual effects.

Future studies should examine 

similar combinations on other 

pathogens and in more complex 

models (biofilm, in vivo).

CONCLUSION

Synergistic antibacterial effect of copper complex 

and Lythrum salicaria plant extract


	Slide 1

