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Background: The rising global threat of antimicrobial resistance, particularly among multidrug-resistant pathogens like Pseudomonas
aeruginosa, has prompted research into repurposing existing drugs with established safety profiles. Cisplatin, a well-known anticancer
agent, has shown preliminary antimicrobial activity but its efficacy against P. aeruginosa has not been thoroughly explored. This study
aims to evaluate the antimicrobial potential of cisplatin against clinical strains of P. aeruginosa by determining the minimum inhibitory
concentration (MIC).

Methodology: This study assessed whether cisplatin could serve as a novel therapeutic option for treating infections caused by
P. aeruginosa via broth microdilution assay, especially as the pathogen shows increasing resistance to last-resort antibiotics such as
meropenem, colistin, and tigecycline. Findings from this research could contribute to expanding the arsenal of treatments for resistant
P. aeruginosa infections.

Results: The study found that 54.9% of isolates had an MIC of 16 pg/mL, 26.8% had 32 pg/mL, 12.7% had 64 ug/mL, and 5.6% had
8 ug/mL. While cisplatin demonstrated antibacterial activity, no statistically significant difference (p = 0.089) was observed between
sensitive and resistant strains. A key limitation of this study is the small number of both resistant and sensitive strains, which limits
statistical power. Increasing the sample size in future studies will allow for a more robust assessment of cisplatin’s efficacy and
validate the observed MIC similarities. Additionally, further studies including resistance assays, time-kill kinetics, and in vivo models
are needed to explore its bactericidal potential and efficacy in combination with B-lactams.

Conclusion: Although cisplatin exhibited activity against P. aeruginosa, its clinical potential remains uncertain, and further
investigation is necessary to optimize its use and overcome resistance.
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Introduction

Antimicrobial resistance (AMR) has emerged as one of the most pressing global health threats of the 21st century, contributing to
an alarming increase in mortality rates worldwide.! The World Health Organization (WHO) has highlighted the escalating
prevalence of resistant pathogens, which are rendering many existing antibiotics ineffective. Projections suggest that by 2050,
AMR could claim over 10 million lives annually, potentially surpassing cancer as a leading cause of death.* This crisis is further
intensified by the rapid pace at which resistance develops, outstripping the discovery of new antibiotics.®” The growing threat
underscores an urgent need for innovative strategies to combat drug-resistant infections and avert the catastrophic consequences
of a “post-antibiotic” era. To address this challenge, innovative strategies such as antibiotic adjuvants (eg, f-lactamase and efflux
pump inhibitors), lytic transglycosylase inhibitors, bacteriophage therapy, and green synthesis nanoparticles are being explored.
Host-directed therapy, which targets host pathways essential for pathogen survival, also holds promise. Understanding resistance
mechanisms and enhancing stewardship programs are crucial for validating these emerging alternatives and ensuring the
effective treatment of resistant infections.®

P aeruginosa is a highly adaptable and opportunistic pathogen known for its remarkable ability to develop resistance to
antimicrobial agents.”'* It is associated with a wide spectrum of infections, including respiratory tract infections such as
ventilator-associated pneumonia, bloodstream infections, urinary tract infections, and chronic wound infections. "1
P. aeruginosa is prevalent in both healthcare and community settings, particularly in immunocompromised individuals, and is
a major cause of hospital-acquired infections (HAIs)."? Its intrinsic resistance mechanisms, combined with its ability to acquire
additional resistance through horizontal gene transfer, have made it a significant contributor to the global AMR crisis.'*'®

P. aeruginosa is a prime example of a pathogen with remarkable adaptability and persistence that can rapidly develop
resistance to multiple antibiotics.'®!” Initially, P. aeruginosa exhibited resistance to beta-lactam antibiotics through the
production of beta-lactamases, enzymes that break down the antibiotic structure.'®'® Over time, the bacterium acquired
additional mechanisms of resistance, including alterations to its outer membrane porins, which limit the entry of
antibiotics into the cell. P. aeruginosa also developed efflux pumps that actively expel antibiotics from the cell, further
contributing to its resistance profile.’>*' As a result, this pathogen has become resistant to a broad range of antibiotics,
including carbapenems, cephalosporins, and aminoglycosides.>*** More concerning is the emergence of multidrug-
resistant strains, which pose significant challenges in clinical settings, particularly in patients with compromised immune
systems or those requiring intensive care.>** The continued evolution of P. aeruginosa underscores the need for novel
therapeutic strategies and vigilant surveillance to combat its growing resistance.

P. aeruginosa has demonstrated resistance to several last-resort antibiotics, including meropenem, colistin, and
tigecycline. Initially, meropenem, a carbapenem, was considered a critical option for treating multidrug-resistant
infections.”>?’ However, resistance has emerged through mechanisms such as the production of carbapenemases,
which degrade the antibiotic, and alterations in porin channels that limit drug entry.®** Similarly, colistin, once regarded
as a last-line treatment for resistant P. aeruginosa infections, has seen growing resistance due to modifications in the
bacterial outer membrane, which reduce the binding affinity of colistin.”® Tigecycline, a broad-spectrum antibiotic used
for complicated infections, has also faced resistance from P. aeruginosa, primarily through efflux pump overexpression
and ribosomal modifications.*' The development of resistance to these critical antibiotics has raised significant concerns
in clinical settings, emphasizing the urgent need for alternative therapeutic strategies and the development of new
antimicrobial agents to combat these resistant strains.*>

The increasing prevalence of bacterial resistance due to antibiotic overuse has intensified the need for alternative
antimicrobial strategies. One promising avenue involves targeting bacterial metal acquisition systems, particularly
through the study of metallophores—small, high-affinity metal-chelating molecules produced by bacteria to sequester
essential metal ions such as iron, zinc, and manganese.*>** These metal ions are crucial for bacterial growth, survival,
and virulence. Metallophores play a key role in overcoming host-imposed nutritional immunity and are vital for the
pathogenesis of many bacterial infections.”® Recent research highlights their potential as innovative targets in antimi-
crobial therapy, either by disrupting metal acquisition or by employing metallophore-based drug delivery systems such as

siderophore-antibiotic conjugates.>®’
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In response to the growing challenge of antimicrobial resistance, researchers are increasingly exploring drugs
with established indications for other conditions, hoping to repurpose them as treatments for resistant pathogens.3 8,39
The advantage of repurposing these drugs lies in their established safety profiles, which could expedite the approval
process and allow for quicker deployment against infections that are otherwise difficult to treat.***' The FDA’s “fast
track” approval process offers a pathway for such drugs, providing a potential boost to the arsenal of available
treatments.*

One such drug under investigation is cisplatin, a platinum-based chemotherapeutic agent widely used for treating various
malignancies, including testicular and ovarian cancers.*> While traditionally employed in oncology, emerging evidence suggests
cisplatin also exhibits antibacterial activity. For instance, it has shown inhibitory effects against several Gram-negative bacteria,
including Aerobacter aerogenes, Alcaligenes faecalis, Proteus mirabilis, Pseudomonas aeruginosa, and Serratia marcescens.**
These studies indicate that cisplatin may exert its antimicrobial action via DNA cross-linking and induction of oxidative stress,
mechanisms similar to those in cancer therapy. However, the extent of cisplatin’s activity specifically against clinical isolates of
P. aeruginosa, including resistant and sensitive strains, remains insufficiently characterized. Given the increasing resistance of
P, aeruginosa to critical antibiotics such as meropenem, colistin, and tigecycline, exploring alternative strategies is imperative.
This study addresses this critical gap by evaluating the minimum inhibitory concentration (MIC) of cisplatin against both
resistant and sensitive clinical strains of P. aeruginosa, aiming to determine whether cisplatin could be repurposed as a potential
therapeutic agent against this formidable pathogen.

Materials and Methods

Cisplatin used in this study was obtained from Sigma-Aldrich (USA). A stock solution was prepared by dissolving
cisplatin in 5% dimethyl sulfoxide (DMSO) from Sigma-Aldrich (USA), chosen for its compatibility and
solubility. A 5% dimethyl sulfoxide (DMSO) solution was prepared using 5 mL of DMSO and 95 mL of distilled
water. All preparations were performed under sterile conditions to maintain experimental integrity and prevent
contamination.

Bacterial Isolates

This study investigated P. aeruginosa isolates to compare antibiotic-resistant and antibiotic-sensitive strains. This study
included 71 Pseudomonas aeruginosa strains, of which 40 were resistant to B-lactams and meropenem, while 31 were
sensitive to B-lactams. The isolates were sourced from the Microbiology Culture Collections maintained by the Clinical
and Molecular Microbiology Laboratories at King Abdulaziz University Hospital (KAUH), Jeddah, Saudi Arabia,
ensuring high-quality standards in bacterial collection, identification, and preservation.

The isolates were stored in sterile glycerol stocks at —80°C to maintain their viability and genetic stability. Prior to
experimentation, the frozen isolates were thawed and sub-cultured on sheep blood agar plates (Saudi Prepared Media
Laboratory Company) to ensure optimal growth. The cultures were incubated aerobically at 35-37°C for approximately
20 hours, allowing the bacteria to recover and display typical morphological and biochemical traits.

For identification and antibiotic susceptibility testing, the Vitek 2 automated system (BioM¢érieux, France) was
utilized. Gram-negative bacteria were identified using the GN Identification Card, while susceptibility testing was
performed with the AST-N419 and AST-N417 cards, designed for clinically significant aerobic Gram-negative
bacilli. All procedures were conducted according to the manufacturer’s guidelines to ensure data accuracy and
reproducibility.

MIC Assay

The broth microdilution method was employed to determine the MIC of the tested compounds, a standard and reliable
technique for antimicrobial susceptibility testing. A stock solution at 512 pg/mL was prepared using the formula
C1V1=C2V2 ensuring precision. Mueller-Hinton Broth (MHB) (Sigma-Aldrich (USA) served as the medium, providing
optimal conditions for bacterial growth. To prepare the stock solution, 100 mg of the compound was dissolved in 10 mL
of 5% DMSO, resulting in a final stock concentration of 10 mg/mL. To achieve an initial working concentration of
256 pg/mL, the dilution was calculated using the formula:
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CiV: = szz,

where:

Ci =10 mg/mL (stock concentration), Vi = volume to be calculated, C, = 256 pg/mL (desired concentration), V, =
10 mL (final volume).

By substituting the values and converting units appropriately, the required volume (V1) was determined. This
calculated volume of stock solution was then diluted with water to reach the desired concentration. Following this,
a series of two-fold serial dilutions were performed to obtain the final concentrations required for the assay.

Serial two-fold dilutions were performed in 96-well microtiter plates to create a gradient of concentrations.
A standardized bacterial inoculum, adjusted to 0.5 McFarland standards (~10® CFU/mL) and diluted to the required
density, was added to each well. The plates were incubated at 35-37°C for 18-20 hours under aerobic conditions.*

The MIC was determined as the lowest concentration of the compound that completely inhibited visible bacterial
growth, validated against positive (bacteria without compound) and negative (broth only) controls. All experiments were
conducted in triplicate, and average MIC values were calculated to ensure consistency and reproducibility.*

Statistical Analysis

To compare the sensitive and resistant strains of Pseudomonas aeruginosa, a t-test was conducted to evaluate statistical

significance in their differences. The analysis was performed using GraphPad Prism version 8, chosen for its accuracy and user-

friendly interface. Data were verified for completeness, consistency, and normal distribution to meet the #-test assumptions.
The t-test provided a p-value to assess whether observed differences were due to random chance. A significance

threshold of p<0.05 indicated meaningful differences, while p>0.05 suggested no significant variation. Results were

visualized with graphs such as bar charts or scatter plots, aiding interpretation and communication. This rigorous process

ensured reliable and valid conclusions about the differences between sensitive and resistant strains.

Ethical Statement

This study strictly adhered to ethical standards at all stages. Sample collection and research activities were conducted in
full compliance with the guidelines set by the Research Ethics Committee (REC) of the Faculty of Medicine at King
Abdulaziz University (Ethics Reference No. 301-24). These protocols were in full alignment with the Declaration of
Helsinki, ensuring respect for participants’ rights, privacy, and ethical responsibility. The clinical isolates used in this
study were obtained as part of routine diagnostic procedures at the hospital. The study’s careful attention to ethical
oversight, along with the meticulous handling, cultivation, and identification of isolates, reflects a strong commitment to

both scientific integrity and ethical principles.

Results
Cisplatin Activity Against Sensitive P. aeruginosa Strains

In this study, the antibacterial activity of cisplatin was assessed against sensitive Pseudomonas aeruginosa strains using
MIC determination. The MIC values for these strains ranged from 8 to 16 pg/mL, while one strain showed inhibition at
64 pg/mL. These results indicate a consistent inhibitory effect of cisplatin against sensitive strains, suggesting that it may
serve as a potential antimicrobial agent. Cisplatin’s known mechanisms—DNA cross-linking and induction of oxidative
stress—could contribute to this observed activity, independent of conventional antibiotic pathways.

Cisplatin Activity Against Resistant P. aeruginosa Strains

For resistant P. aeruginosa strains, MIC values ranged from 8 to 64 pg/mL. It is indicating that reduced susceptibility
compared to sensitive strains. However, statistical analysis revealed no significant difference between the two groups (p =
0.089). This finding implies that cisplatin’s antibacterial effect may not be significantly influenced by established

resistance mechanisms (Table 1).
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Table | MIC Distribution of P. aeruginosa Isolates
Against Cisplatin. The Table Presents the Number of
Isolates, Corresponding MIC Values (pg/mL), and
Their Respective Percentage Distributions

MIC (pug/mL) | Number of Isolates | Percent (%)
8 4 5.6%

16 39 54.9%

32 19 26.8%

64 9 12.7%

Total 71 100%

Discussion

For the first time, we have evaluated the in vitro efficacy of cisplatin against a collection of 71 P. aeruginosa strains,
encompassing both resistant and sensitive isolates. Our findings revealed that the MICs of cisplatin ranged from 8 to 64 pg/
mL, indicating that this drug exhibits promising antimicrobial activity against the notoriously challenging pathogen
P, aeruginosa. This suggests that cisplatin has the potential to serve as an effective therapeutic agent against this “superbug”,
which is known for its significant resistance to many conventional antibiotics. This study presents novel findings by evaluating
the antimicrobial activity of cisplatin—a widely used anticancer drug—against Pseudomonas aeruginosa clinical isolates,
including both sensitive and resistant strains. While prior studies have noted cisplatin’s potential antibacterial effects, this
research specifically focuses on its efficacy against P. aeruginosa, a WHO-prioritized multidrug-resistant pathogen, an area
that remains underexplored. The value of this study lies in its potential to repurpose an existing FDA-approved drug as an
alternative antimicrobial agent, which could help address the growing challenge of antibiotic resistance. A major limitation is
the relatively small number of resistant isolates, which limits statistical power and generalizability. Future research should
incorporate a larger and more diverse set of clinical isolates and include mechanistic studies, combination therapy evaluations,
and in vivo models to further validate and expand upon these preliminary findings.

Interestingly, our analysis showed no significant differences in MIC values between resistant and sensitive strains of
P aeruginosa. This observation implies that, to date, there may not be a specific resistance mechanism within
P aeruginosa capable of counteracting the effects of cisplatin. This is a particularly important finding, as it suggests
that cisplatin might circumvent common resistance pathways that compromise the efficacy of other antibiotics. Also,
more assays are needed to study this observation.

However, while these in vitro results are encouraging, further research is needed to assess the efficacy of cisplatin
in vivo. Studies in animal models or clinical trials would be essential to determine its therapeutic potential, optimal
dosing, and safety profile when used to treat P. aeruginosa infections. These findings provide a strong foundation for
further exploration of cisplatin as a novel antimicrobial agent against multidrug-resistant pathogens.

Our findings align with previous research demonstrating that the antitumor agent cisplatin possesses a broad antimicrobial
spectrum. The growth of all 29 tested microorganisms, including seven Gram-negative bacterial strains, eight Gram-positive
bacterial strains, seven yeast strains, and seven mold strains, was inhibited.*” However, while their study utilized the disc
diffusion assay, our investigation employed the broth microdilution method to evaluate antimicrobial activity.

Cisplatin is a widely utilized anticancer agent renowned for its significant role in cancer therapy. Its mechanism of
action involves binding to DNA, inducing cross-linking between adjacent intrastrand purines, and disrupting the DNA
repair process. These actions result in effective DNA damage, making cisplatin a powerful tool in the treatment of
various cancers.*® Studies have demonstrated that cisplatin treatment triggers the expression of various genes associated
with energy metabolism. This finding aligns with earlier proteomics research, which revealed that cisplatin can disrupt
stress response pathways and interfere with energy metabolism in Escherichia coli.*® Additionally, transcriptomic
analysis has shown that cisplatin exposure leads to the downregulation of numerous secretion-related genes in Gram
negative bacteria, including those associated with the type III secretion system (T3SS).* This effect is similar to the
impact observed with ciprofloxacin exposure. Furthermore, another study showed that qRT-PCR analysis confirmed that
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the expression of two key T3SS genes, exoS and pscG, was significantly downregulated in response to cisplatin treatment
compared to the control.’® Collectively, these findings may provide a mechanistic explanation for the notable efficacy of
cisplatin against P. aeruginosa, but further assays are needed.

Cisplatin’s adverse effects include renal toxicity, neurotoxicity, emesis, bone marrow suppression, anemia, and
hearing loss. Due to these toxicities, cisplatin is administered intravenously at low doses to minimize harm while
maintaining therapeutic efficacy.*’ This paves the way for future strategies involving the combination of cisplatin with
other antibiotics to harness the synergistic effects of both drugs, aiming to enhance therapeutic efficacy while minimizing
toxicity.”' One key limitation of this study is the relatively limited number of both resistant and sensitive P. aeruginosa
strains, which may have affected the statistical power of the analysis. Although similar MIC values were observed among
resistant and sensitive strains, the small sample size limits the ability to draw definitive conclusions regarding cisplatin’s
comparative efficacy. Increasing the number of clinical isolates in future studies would strengthen the statistical analysis
and allow for a more comprehensive evaluation of cisplatin’s antibacterial potential. A larger, more diverse sample set
would also help clarify whether the observed MIC similarities are consistent or merely coincidental, thereby providing
deeper insight into cisplatin’s mechanism of action and clinical applicability.

Future studies should focus on further evaluating the antibacterial potential of cisplatin against Pseudomonas
aeruginosa, particularly in resistant strains. To comprehensively assess its bactericidal activity, time-kill assays should
be conducted to determine the kinetics of bacterial eradication. Given cisplatin’s known cytotoxicity, evaluating its
therapeutic feasibility is essential. Future studies should include cytotoxicity assays, such as MTT or LDH, to compare its
MIC with its toxic effects on human cell lines including epithelial or macrophage cells. This will help determine a safe
and effective therapeutic window. To better understand cisplatin’s antibacterial mechanism, future studies should
investigate reactive oxygen species (ROS) generation and DNA fragmentation to confirm whether its antimicrobial
effect parallels its known anticancer activity. Moreover, future studies will investigate the potential synergistic effects
between cisplatin and B-lactam antibiotics using methods such as checkerboard assays and calculation of fractional
inhibitory concentration indices (FICI) to better understand their combined antibacterial activity. In addition, future study
will focus on evaluating the potential for resistance development to cisplatin by performing serial passage experiments
and assessing the spontaneous mutation frequency, which will help determine the risk of resistance emergence during
treatment. These investigations will provide deeper insights into the clinical applicability of cisplatin as an alternative or
adjunctive treatment for multidrug-resistant infections.

Conclusion

This study highlights the potential antimicrobial activity of cisplatin against clinical strains of Pseudomonas aerugi-
nosa, including both sensitive and resistant isolates. The MIC testing revealed moderate activity, with the majority of
strains showing MIC values ranging from 8 to 64 pg/mL. However, no statistically significant difference was found
between sensitive and resistant strains, suggesting a uniform response across phenotypes. A key limitation of this study
is the limited number of clinical isolates, particularly resistant strains, which may affect the generalizability of the
findings. Future studies with larger sample sizes are essential to validate these results. Additional investigations such
as time-kill assays, resistance mechanism analysis, combination therapies with B-lactams, and in vivo models are
recommended to better understand cisplatin’s antimicrobial potential and optimize its application. These findings
contribute to the growing body of evidence supporting drug repurposing as a promising strategy to combat multidrug-
resistant pathogens.
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