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Abstract

Introduction: Multidrug resistant (MDR) bacteria are one of the most important current threats to public health. Therefore, serious concerns
were raised about the effectiveness of traditional antibiotics. Cisplatin, a chemotherapeutic agent that is used mainly in cancer treatment, has
recently attracted attention and popularity for its potential antibacterial properties. Our study aim is to evaluate the antibacterial properties of
cisplatin against several common MDR and non-MDR Gram-positive strains, including Methicillin-Resistant Staphylococcus aureus (MRSA),
Methicillin-Susceptible Staphylococcus aureus (MSSA), Coagulase-Negative Staphylococcus (CoNS), and Vancomycin-Resistant
Enterococcus (VRE).

Methodology: Cisplatin's Minimum Inhibitory Concentration (MIC) was calculated through standard microdilution methods.

Results: Our findings indicated that cisplatin had a minimum inhibitory concentration (MIC) of 256 pg/mL across all tested bacterial strains,
reflecting its limited antibacterial efficacy in its currently available formulation. However, although the MIC values were high, this study
explored cisplatin’s activity against these bacterial strains which uncovers a potential gap about cisplatin clinical effectiveness and indicates
that further enhancement is required.

Conclusions: These results confirm that cisplatin antibacterial activity has not been extensively explored against these resistant strains. Cisplatin
alone shows limited efficacy based on the relatively high MIC values observed. However, combination therapy with other antibiotics may
improve its therapeutic potential. Additionally, novel delivery systems—nanoparticle formulations, for instance—could enhance antibacterial
activity while reducing toxicity. Future investigations should evaluate these approaches in more detail.
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Introduction

Antimicrobial resistance (AMR) threatens the
effective prevention and treatment of an ever-increasing
range of infections caused by bacteria, parasites,
viruses, and fungi [1]. In April 2014, the World Health
Organization announced that this serious threat is no
longer a future prediction; it is happening right now in

every region of the world [2]. Without urgent,
coordinated action by many stakeholders, the world is
headed for a post-antibiotic era, in which common
infections and minor injuries that have been treatable
for decades can once again kill [3]. In 2014, the Review
on  Antimicrobial Resistance estimated that
antimicrobial resistance could cause 10 million deaths
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a year by 2050, surpassing cancer [4,5]. Data show that
AMR is spreading globally at different rates, outpacing
all efforts to mitigate this crisis [6]. The rapidity of new
antibiotics discovered appears to be outpacing the
spread of antibiotic resistance, which has reversed the
emergence and spread of antimicrobial resistance
against antibacterial compounds are now outpacing the
discovery and development of new antibiotics [3,7].
Without harmonized and immediate action on a global
scale, the world is heading towards a post-antibiotic era
in which common infections could once again kill [3,8].

Staphylococcus aureus causes a spectrum of
diseases from simple skin and soft tissue infections
(SSTIs) to more serious conditions such as endocarditis,
osteomyelitis, bacteremia, meningitis, and pneumonia
[4,5]. Methicillin-resistant S. aureus (MRSA)
exemplifies how rapidly bacterial pathogens can
acquire multidrug resistance. Staphylococcus aureus
produces the PC1 B-lactamase, the product of the blaZ
gene, which was the original mechanism of resistance
to B-lactam antibiotics in this organism. B-lactamase
hydrolyzes the B-lactam ring, rendering it inactive.
Methicillin-resistant S. aureus has also acquired the
mecA gene, which encodes PBP2a, enabling the
bacteria to sustain cell-wall synthesis when other PBPs
are inhibited by B-lactam antibiotics [5]. The mecA gene
encodes penicillin-binding protein 2a (PBP2a), which
has a low affinity for B-lactam antibiotics [6,7].

CoNS colonize human skin and mucosal
membranes, which is why they are considered harmless
commensal bacteria [8-10]. CoNS act as opportunistic
pathogens causing nosocomial infections among
immunocompromised, immunosuppressed, long-term
hospitalized, and critically ill patients. The use of
various medical devices, including indwelling vascular
catheters, cardiac pacemakers, prosthetic heart valves,
chronic ambulatory peritoneal dialysis catheters, and
prosthetic joints, has been accompanied by the ability
of microorganisms to adhere to these devices [8-10].
Skin flora such as staphylococcal species, including
Staphylococcus  aureus and  coagulase-negative
staphylococci are the most common organisms to create
biofilms on central venous catheters, prosthetic joints or
orthopedic hardware, and prosthetic heart valves [8-10].
Bacteria containing mecA continue to synthesize cell
wall as a result of the cooperation between
transpeptidase domain of the PBP2A and the
transglycosylase domain of the native staphylococcal
PBP2. B-lactamase, which is encoded by a blaZ gene,
hydrolyses only penicillin-rings, hence conferring
narrow-spectrum f-lactam resistance [11-14].

Enterococci are common residents of the human
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gastrointestinal tract and the female genitourinary tract
and act as opportunistic pathogens in severely ill
patients. Glycopeptide-resistant enterococci (GRE),
particularly Enterococcus faecium, have spread as
multi-resistant opportunistic pathogens in hospitals
worldwide. Vancomycin resistance in E. faecalis and E.
faecium has been subdivided into phenotypes, VanA
and VanB [15,16]. Glycopeptides inhibit bacterial cell
wall synthesis by binding to the D-Ala-D-Ala dipeptide
terminus of the peptidoglycan (PG) precursors,
sequestering the substrate from transpeptidation and
transglycosylation reactions [17]. The D-Ala-D-Ala
complex with glycopeptides is stabilized by an array of
hydrophobic van der Waals contacts and five hydrogen
bonds lining the antibiotic binding pocket [17]. The
production of modified peptidoglycan precursors
ending in D-Ala-D-Lac or D-Ala-D-Ser associated with
the elimination of D-Ala-D-Ala-ending precursors is
responsible for resistance [15-17]. This replacement
leads to diminished binding affinity of glycopeptides
for their targets (1,000-fold lower and 7-fold lower for
D-Ala-D-Lac and D-Ala-D-Ser precursors,
respectively) [17]. Linezolid resistance was rare among
E. faecalis (1/364, 0.3%) and E. faecium (2/344, 0.6%)
[18]. However, linezolid-resistant VRE isolates have
been reported [18].

The global spread of microbial resistance coupled
with high costs and slow pace in the discovery of a new
antibiotic have made drug repositioning an attractive
and promising alternative in the treatment of infections
caused by multidrug resistant (MDR) microorganisms
[1,19]. Recently, drug repurposing has gained more
attention as an alternative strategy to identify new
antimicrobial agents [20]. There are several advantages
to repurposing old drugs with known safety and
pharmacokinetic profiles over de novo drug discovery.
Examples are reductions in time, cost, and risks
associated with the development of novel antibiotics.
Several approved drugs for different ailments have been
successfully repurposed as anti-infective agents
[21,22]. The known safety of approved drugs
minimizes the possibility of failure for adverse
toxicology, making them attractive de-risked
compounds for new applications with potentially lower
overall development costs and shorter development
timelines [21,22].

The chemotherapeutic agent cisplatin creates DNA
crosslinks in the body. There is emerging evidence that
it also exhibits antibacterial activity and can inhibit
bacterial persister cells [23]. However, no research has
been performed to evaluate its effectiveness in
combating clinical strains of MRSA. Furthermore,
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cisplatin has not been adequately studied for its effects
on MSSA, CoNS, and VRE. In spite of efforts to
develop new antimicrobials, Gram-positive pathogens
such as S. aureus, CoNS, and Enterococcus spp. The
challenges remain substantial. However, cisplatin's
antibacterial efficacy against MRSA, MSSA, CoNS,
and VRE remains poorly investigated despite its well-
recognized anticancer properties. To our knowledge, no
comprehensive in vitro assessment has yet compared
cisplatin's antimicrobial activity across these clinically
relevant isolates. This study intends to determine the
antibacterial potential of cisplatin against Gram-
positive clinical strains to fill this gap.

Methodology

Cisplatin was purchased from Sigma-Aldrich
(USA). A stock solution was prepared by dissolving the
compound in 5% dimethyl sulfoxide (DMSO), which
was selected due to its solubility properties and
compatibility with experimental conditions. Working
concentrations were calculated using the standard
dilution formula C:Vi = C:V: to ensure accuracy. All
solutions were prepared under sterile conditions to
maintain  experimental integrity and prevent
contamination.

MRSA identification

Bacterial isolates were processed at the Molecular
and Clinical Microbiology Laboratory, King Abdulaziz
University Hospital (KAUH). Blood culture samples
were analyzed using the BacT/Alert VIRTUO
automated blood culture system (BioMérieux, USA) for
the detection of microbial growth. Rapid identification
of pathogens and antimicrobial resistance genes was
performed using the BioFire BCID2 panel. Positive
blood culture samples were subcultured onto 5% sheep
blood agar plates and incubated at 35-37°C for 18-24
hours. Identification of Gram-positive cocci was carried
out using the VITEK 2 system (BioM¢érieux, France).
Confirmation of MRSA isolates was achieved by
detection of the mecA4 gene using the GeneXpert system
(Cepheid, USA). Antimicrobial susceptibility testing
(AST) was performed using the VITEK 2 AST-GP
panel (P580), which included vancomycin, linezolid,
gentamicin, and rifampicin among other antibiotics
[10]. Results were interpreted according to Clinical and
Laboratory Standards Institute (CLSI) M100 guidelines
[24].

Detection of Coagulase-Negative
(CoNS) Using the VITEK 2 System
Clinical samples suspected of harboring CoNS were

Staphylococci
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processed and identified using the VITEK 2 system
(BioMérieux, Marcy-I'Etoile, France). Isolates were
subcultured onto blood agar plates and incubated at 35—
37°C for 18-24 hours to ensure adequate growth and
purity. The presence of Gram-positive cocci was
confirmed by Gram staining.  Species-level
identification and antimicrobial susceptibility testing
(AST) were subsequently performed using the VITEK
2 ID-GP and AST cards according to the manufacturer's
instructions. The system employs colorimetric and
fluorometric detection methods to provide automated,
high-throughput identification, with results typically
generated within 6-12 hours.

For antimicrobial susceptibility testing, isolates
were inoculated into the AST-GP card, and minimum
inhibitory  concentrations (MICs) for multiple
antibiotics were determined. Results were interpreted in
accordance with Clinical and Laboratory Standards
Institute (CLSI) guidelines. This method facilitated
rapid, accurate, and standardized identification of
CoNS, thereby enabling effective antimicrobial
stewardship and infection control measures.

Detection of Vancomycin-Resistant Enterococci (VRE)
via VITEK 2

Identification and antibiotic susceptibility testing of
VRE were performed using the VITEK 2 system
(BioMérieux, Marcy-I'Etoile, France), an automated
platform designed for microbial identification and
susceptibility profiling. Clinical isolates suspected to be
Enterococcus spp. were cultured on blood agar and
incubated at 35-37°C for 18-24 hours. A bacterial
suspension was prepared in 0.45% NaCl and adjusted
to a McFarland standard of 0.5 to ensure optimal
inoculum density for accurate analysis. The prepared
suspension was loaded into the VITEK 2 GN or GP
identification card, depending on the Gram stain result,
and processed accordingly. Vancomycin resistance was
assessed using the AST (Antimicrobial Susceptibility
Testing) card, with results automatically interpreted
based on predefined breakpoints.

The system provided minimum inhibitory
concentration (MIC) values for vancomycin and other
antibiotics tested. Isolates were classified as
susceptible, intermediate, or resistant in accordance
with Clinical and Laboratory Standards Institute (CLSI)
guidelines. The VITEK 2 system enabled rapid and
automated detection of VRE, thereby facilitating timely
infection control measures and antimicrobial
stewardship [25].
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MIC Assay

MICs were determined by the broth microdilution
method according to CLSI guidelines. A stock solution
of the test compound was prepared at 10 mg/mL and
stored appropriately. Serial two-fold dilutions of the
compound were prepared in 96-well microtiter plates
using Mueller-Hinton broth (MHB). Bacterial inocula
were prepared from overnight cultures and adjusted to
a turbidity equivalent to a 0.5 McFarland standard
(approximately 1.5 x 108 CFU/mL). The inoculum was
further diluted in MHB to achieve a final concentration
of approximately 5 x 10> CFU/mL in each well.

The microtiter plates were incubated at 35 £ 2°C in
ambient air for 18-20 hours. The MIC was defined as
the lowest concentration of the compound that inhibited
visible bacterial growth. Each plate included a growth
control (inoculated broth without compound) and a
sterility control (uninoculated broth). All experiments
were performed in triplicate [26-28].

Ethical Statement

This study was conducted in strict accordance with
ethical guidelines and regulations. Sample collection
and research procedures were approved by the Research
Ethics Committee (REC) of the Faculty of Medicine at
King Abdulaziz University (Ethics Reference No. 301-
24). All protocols complied with the Declaration of
Helsinki, ensuring the protection of participants' rights,
privacy, and confidentiality. The -clinical isolates
analyzed in this study were obtained as part of routine
hospital diagnostic processes, without any additional
risk to patients. Ethical oversight was maintained
throughout, with careful handling, identification, and
analysis of isolates, reinforcing the study’s commitment
to both scientific rigor and ethical responsibility.

Results
Antimicrobial Activity of Cisplatin Against Gram-
Positive Clinical Isolates

The antimicrobial activity of cisplatin was
evaluated against 132 Gram-positive clinical isolates.
These included 60 MRSA, 10 MSSA, 60 CoNS and 2
VRE. Minimum inhibitory concentrations were
determined by broth microdilution. Cisplatin exhibited
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uniform activity across all tested isolates. The MIC for
MRSA isolates (n = 60) was 256 pg/mL. Similarly, the
MIC for MSSA isolates (n = 10) was 256 pg/mL. CoNS
isolates (n = 60) showed an MIC of 256 pug/mL. The
two VRE isolates tested also demonstrated an MIC of
256 ng/mL. All MIC values are summarized in Table 1.

Discussion

This study represents the first in vitro evaluation of
cisplatin against MRSA, MSSA, CoNS, and VRE. Our
findings revealed that the MIC of cisplatin for these
Gram-positive bacteria was 256 pg/mL, a notably high
MIC compared to Gram-negative [23]. These results
suggest that cisplatin requires substantially higher
concentrations to inhibit the growth of Gram-positive
organisms compared to Gram-negative bacteria.

Despite cisplatin exhibiting a relatively high MIC
of 256 pg/mL against MRSA, MSSA, CoNS, and VRE,
this study plays a crucial role in characterizing the
antibacterial potential of cisplatin. By systematically
evaluating cisplatin's antimicrobial properties, this
research highlights the existing gap in knowledge
regarding its direct efficacy against multidrug-resistant
pathogens. The findings provide valuable insights into
the limitations of cisplatin as a standalone antibacterial
agent while simultaneously emphasizing its potential
for further enhancement through drug repurposing
strategies, which represent "a promising strategy in the
therapy of bacterial infections.

Moreover, this study underscores the novelty of
investigating cisplatin beyond its conventional role as a
chemotherapeutic agent, paving the way for future
strategies to improve its antimicrobial efficacy. These
strategies may include combination therapy with
established antibiotics to achieve synergistic effects.
Antibiotic combination therapy, exploiting synergies,
old-drug rejuvenation and resistance reduction could
provide the solution to AMR, and when -certain
carefully selected drugs are combined in the correct
formulation, the bactericidal effects are synergistic,
with potential to kill the highly resistant bacteria,
thereby lowering the required effective dose and
minimizing potential toxicity [29]. Additionally, it has
been suggested that the possibility of utilizing advanced

Table 1. Minimum Inhibitory Concentration (MIC) of Cisplatin Against Clinical Isolates.

Number of tested organisms
60
10
60
2

Organism

MIC (pg/mL)
256
256
256
256

The table presents the MIC values (ng/mL) of cisplatin tested against various bacterial strains, including Methicillin-Resistant Staphylococcus aureus (MRSA),
Methicillin-Susceptible Staphylococcus aureus (MSSA), Coagulase-Negative Staphylococci (CoNS), and Vancomycin-Resistant Enterococcus (VRE). MIC

values were determined using standard broth microdilution assays.
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drug delivery systems. Nanoparticle drug delivery
systems are designed to exploit the enhanced
permeability and retention (EPR) effect, and
encapsulation within polymeric NPs increases drug
efficacy, specificity, and tolerability, thereby enhancing
the therapeutic index [30]. By addressing these aspects,
this research not only deepens understanding of
cisplatin's antimicrobial activity but also lays the
foundation for future developments to optimize its
clinical applicability in combating resistant bacterial
infections.

The relatively higher MIC of 256 pg/mL across all
the tested Gram-positive bacteria (MRSA, MSSA,
CoNS, and VRE) can be explained by several factors.
One of the key factors is the difference in the cell wall
structure between Gram-positive and Gram-negative
bacteria. As described by Rohde et al. (2019), the
peptidoglycan layer is substantially thicker in Gram-
positive bacteria than in Gram-negative bacteria; the
peptidoglycan forms around 40 to 90% of the cell wall's
dry weight in Gram-positive bacteria but only around
10% of Gram-negative strains [31]. This thick
peptidoglycan layer may limit the uptake of cisplatin. In
contrast, Gram-negative bacteria possess an additional
membrane layer, the outer membrane, and the major
role of this membrane must usually be to serve as a
permeability barrier to prevent the entry of noxious
compounds [32]. Our data provide important insight
into the potential limitations of cisplatin in treating
Gram-positive infections and emphasize the importance
of developing strategies to increase the efficacy of
cisplatin against these pathogens. The observed MIC of
256 ng/mL serves as a benchmark for future studies
investigating the therapeutic potential of cisplatin
against Gram-positive organisms.

Despite testing cisplatin against both MRSA and
MSSA, we observed no significant difference in the
MIC between the two strains. This finding suggests that
the resistance mechanisms typically associated with
MRSA, such as altered penicillin-binding proteins
(PBPs) or the presence of the mecA gene, do not appear
to influence the efficacy of cisplatin. Consequently, this
indicates that cisplatin's antimicrobial activity is not
dependent on these specific mechanisms of resistance.
Indeed, "despite the fact that cisplatin can bind a wide
range of cellular components, including proteins, RNA,
membrane phospholipids, microfilaments, and thiol-
containing peptides, DNA is considered a major target
for cisplatin. Furthermore, the success of cisplatin in
cancer chemotherapy derives from its ability to
crosslink DNA and alter DNA structure. Cisplatin
appears to exert its antimicrobial actions via DNA
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binding or the disruption of intracellular processes [33].
These results highlight the need for further research into
the precise molecular interactions that underpin
cisplatin's antimicrobial properties, especially in the
context of resistant strains.

We hypothesize that a higher MIC is needed to kill
MRSA, CoNS, and VRE compared to Gram-negative
bacteria due to differences in cell wall structure, drug
permeability, and resistance mechanisms. Cisplatin
exhibits a lower MIC against Gram-negative bacteria
like Escherichia coli primarily because the outer
membrane contains various protein channels, called
porins, which are involved in the influx of various
compounds, including several classes of antibiotics [34-
36]. In contrast, Gram-positive bacteria lack an outer
membrane and possess a thick peptidoglycan layer [37]
demonstrated that the highly organized and tightly
packed PG structure in S. aureus can facilitate the
clogging of the PG pores, which prevents further drug
penetration from reaching intracellular targets [37].

Furthermore, Gram-positive bacteria, such as S.
aureus, may possess more robust DNA repair
mechanisms, in particular nucleotide excision repair
[38,39]. It may allow them to withstand cisplatin-
induced DNA damage, necessitating higher drug
concentrations to be bactericidal. It is also crucial to
take into account resistance mechanisms. While
Pseudomonas aeruginosa and E. coli have metal-ion
efflux systems, cisplatin can still accumulate before
being actively eliminated [40]. Because of alternative
detoxification mechanisms, such as thiol-based
inactivation, cisplatin may not be as potent against S.
aureus and Enterococcus spp [41-42]. Gram-positive
bacteria have highly cross-linked peptidoglycan layers,
which may also hinder cisplatin from targeting
intracellular targets [43].

Cisplatin releases reactive oxygen species (ROS),
which are connected to oxidative stress response
differences [44]. Gram-negative bacteria may be more
vulnerable, whereas Gram-positive bacteria possess
strong antioxidant defense systems, such as catalases
and peroxidases, which offer enhanced protection [45].

One of the key limitations of this study is the high
MIC values (256 pg/mL) observed for cisplatin against
all tested Gram-positive bacterial strains (MRSA,
MSSA, CoNS, and VRE), suggesting its limited
standalone antibacterial efficacy, which may restrict its
clinical application. Additionally, the study focused
only on in vitro MIC determination without assessing
the pharmacokinetics, toxicity, or therapeutic potential
of cisplatin in an in vivo model, which is crucial for
understanding its real-world applicability. The number
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of tested MSSA (n = 10) and VRE (n = 2) isolates was
relatively low, which may not fully represent the
diversity of these bacterial strains, potentially limiting
the generalizability of the results. Moreover, the study
did not evaluate the potential synergistic effects of
cisplatin in combination with other antibiotics, which
could help enhance its antibacterial efficacy and
overcome resistance mechanisms.

It should be noted that the MIC values observed for
cisplatin (256 pg/mL) are significantly higher than
therapeutically achievable concentrations, which limits
its direct clinical applicability. Although we used only
5% DMSO as a solvent, previous studies have
demonstrated that "DMSO reduced the activity of
cisplatin. The presence of sulfur in DMSO may have
partially reduced cisplatin activity, potentially affecting
the results [46]. In future work, we plan to explore
alternative, sulfur-free solvents to minimize this
limitation and more accurately assess -cisplatin's
efficacy.

Cisplatin is associated with significant dose-
limiting toxicities that restrict its clinical use. Indeed,
the most serious and one of the more common
presentations is acute kidney injury (AKI), which
occurs in 20-30% of patients. Nephrotoxicity occurs in
up to 70% of pediatric patients and 30-40% of adults,
typically presenting as acute kidney injury
characterized by elevated serum creatinine and blood
urea nitrogen, proteinuria, glucosuria, cation wasting,
and hypomagnesemia [47-49]. It has been demonstrated
that cisplatin-mediated hearing loss essentially involves
a robust generation of ROS in the cochlea, outer hair
cells, spiral ganglia, stria vascularis, and the spiral
ligament. Ototoxicity affects 40—-60% of adults and up
to 70% of children, manifesting as irreversible,
bilateral, high-frequency sensorineural hearing loss,
which may cause speech and language delays in
children and social or cognitive impairments in adults
[47-49]. These toxicities underscore the limitations of
cisplatin in clinical practice.

Exploring combination therapies represents a
particularly promising direction for future work.
Cisplatin alone may not achieve clinically useful MICs
against Gram-positive pathogens but pairing it with
established antimicrobials could change this picture
entirely. The logic here is straightforward: if two drugs
hit different cellular targets, pathogens like MRSA and
VRE—which have become notoriously difficult to
treat—may be unable to mount effective resistance
against both simultaneously. What makes this approach
even more attractive. In addition to combination
therapies, it is critical to investigate the role of biofilm
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formation in the resistance of Gram-positive bacteria to
cisplatin. Since MRSA and VRE are known to form
biofilms that act as a physical barrier to antibiotic
penetration, anti-biofilm strategies could play a crucial
role in enhancing the activity of cisplatin. Furthermore,
a deeper understanding of how cisplatin interacts with
the cell wall and intracellular structures of Gram-
positive bacteria is essential. Investigating the
mechanisms of resistance, such as the efflux of cisplatin
by resistant strains, will provide valuable insights into
how cisplatin can be used more effectively. Finally,
pharmacokinetic studies in animal models and clinical
trials are necessary to determine the optimal dosing
regimens for cisplatin against Gram-positive
organisms. This will help to identify safe and effective
dosage strategies to maximize the drug's therapeutic
potential, particularly for resistant strains like MRSA
and VRE.

Conclusions

In conclusion, this study provides the first
comprehensive in vitro evaluation of cisplatin against
MRSA, MSSA, CoNS, and VRE, highlighting its
limited antibacterial activity with an MIC of 256 pg/mL
across all tested strains. Further translational research,
including in vivo studies, combination therapy testing,
biofilm targeting, and toxicity assessments, is essential
before any potential clinical application can be
considered.

Corresponding author

Karem Ibrahem

Department of Clinical Microbiology and Immunology,
Faculty of Medicine, King Abdulaziz University,
Jeddah 21589, Saudi Arabia

Tel: +966562525685

Email: kaibrahem@kau.edu.sa

Conflict of interest
No conflict of interest is declared.

References

1. Fair RJ, Tor Y (2014) Antibiotics and bacterial resistance in
the 21st century. Perspect Medicin Chem 6: 25-64. doi:
10.4137/PMC.S14459.

2. Inoue H (2019) Strategic approach for combating antimicrobial
resistance (AMR). Glob Health Med 1: 61-64. doi:
10.35772/ghm.2019.01026.

3. Ba X, Harrison EM, Lovering AL, Gleadall N, Zadoks R,
Parkhill J, Peacock SJ, Holden MTG, Paterson GK, Holmes
MA (2015) Population structure and evolution of
Staphylococcus aureus. Antimicrob Agents Chemother 59:
7396-7404. doi: 10.1128/AAC.01469-15.

4. Lindsay JA, Holden MTG (2006) Understanding the rise of the
superbug: investigation of the evolution and genomic variation

807



Bani Abdel-Rahman et al. — Cisplatin Activity Against Gram-Positive Pathogens

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

of Staphylococcus aureus. Funct Integr Genomics 6: 186-201.
doi: 10.1007/s10142-005-0019-7.

Fernandez S, Murzicato S, Sandoval O, Fernandez-Canigia L,
Mollerach M (2015) Community-acquired necrotizing
pneumonia caused by methicillin-resistant Staphylococcus
aureus ST30-SCCmecIVe-spat019-PVL positive in Argentina.
Rev Argent Microbiol 47: 50-53. doi:
10.1016/j.ram.2014.11.002.

Berger-Bachi B, Rohrer S (2002) Factors influencing
methicillin resistance in staphylococci. Arch Microbiol 178:
165-171. doi: 10.1007/s00203-002-0436-0.

Ganai AW, Kotwal SK, Wani N, Malik MA, Jeelani R, Kour
S, Zargar R (2016) Prevalence of methicillin-resistant
Staphylococcus aureus in animals. Indian J Anim Sci 86: 508-
S11.

Becker K, Heilmann C, Peters G (2014) Coagulase-negative
staphylococci. Clin Microbiol Rev 27: 870-926. doi:
10.1128/CMR.00109-13.

Pfaller MA, Herwaldt LA (1992) Laboratory, clinical, and
epidemiological aspects of coagulase-negative staphylococci.
Clin Microbiol Rev 6: 463-475. doi: 10.1128/cmr.6.3.463.
Michels R, Last K, Becker SL, Papan C (2021) Update on
coagulase-negative staphylococci—what the clinician should
know. Microorganisms 9: 830. doi:
10.3390/microorganisms9040830.

Chajecka-Wierzchowska W, Zadernowska A, Nalepa B,
Sierpinska M, Laniewska-Trokenheim L (2015) Coagulase-
negative staphylococci (CoNS) isolated from ready-to-eat food
of animal origin - phenotypic and genotypic antibiotic
resistance. ~ Food  Microbiol — 46:  222-226.  doi:
10.1016/j.fm.2014.08.001.

Dastmalchi Saei H, Hossein-zadeh S (2014) A study of
coagulase-negative staphylococci (CoNS) isolated from
bovine mastitis for the presence of penicillin and methicillin
resistance-encoding genes in the north west of Iran. Arch Razi
Inst 69: 149-156. doi: 10.7508/ari.2014.02.005.

Miragaia M (2018) Factors contributing to the evolution of
mecA-mediated B-lactam resistance in staphylococci: update
and new insights from whole genome sequencing (WGS).
Front Microbiol 9: 2723. doi: 10.3389/fmicb.2018.02723.
Lade H, Kim JS (2023) Molecular determinants of f-lactam
resistance in methicillin-resistant Staphylococcus aureus
(MRSA): an updated review. Antibiotics 12: 1362.
Chenoweth C, Schaberg D (1990) The epidemiology of
enterococci. Eur J Clin Microbiol Infect Dis 9: 80-89. doi:
10.1007/BF01963631.

Ohri S, Singh K, Sidhu SK, Oberoi L, Malhotra S, Kaur R
(2020) Vancomycin resistance among enterococci: further
limiting our therapeutic options. Int ] Contemp Med Res 7: 98-
101. doi: 10.21276/ijcmr.2020.7.3.21.

Kardos G, Laczko L, Kaszab E, Timmer B, Szarka K, Prepost
E, Banyai K (2024) Phylogenetic analysis of the genes in D-
Ala-D-lactate synthesizing glycopeptide resistance operons:
the different origins of functional and regulatory genes.
Antibiotics 13: 573. doi: 10.3390/antibiotics13070573.
Sekyere JO (2016) Current state of resistance to antibiotics of
last-resort in South Africa: a review from a public health
perspective.  Front  Public Health 4: 209. doi:
10.3389/fpubh.2016.00209.

Nasrin F (2014) Study of antimicrobial and antioxidant
potentiality of anti-diabetic drug metformin. Int J Pharm Drug
Anal 2: 220-224.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

J Infect Dev Ctries 2026; 20(6):802-809.

Farid N, Bux K, Ali K, Bashir A, Tahir R (2023) Repurposing
amphotericin B: antimicrobial, molecular docking and
molecular dynamics simulation studies suggest inhibition
potential of amphotericin B against MRSA. BMC Chem 17: 1-
16. doi: 10.1186/s13065-023-00980-9.

Miro-Canturri A, Ayerbe-Algaba R, Smani Y (2019) Drug
repurposing for the treatment of bacterial and fungal infections.
Front Microbiol 10: 41. doi: 10.3389/fmicb.2019.00041.

Cha Y, Erez T, Reynolds 1J, Kumar D, Ross J, Koytiger G,
Kusko R, Zeskind B, Risso S, Kagan E, Papapetropoulos S,
Grossman I, Laifenfeld D (2018) Drug repurposing from the
perspective of pharmaceutical companies. Br J Pharmacol 175:
168-180. doi: 10.1111/bph.13798.

Daghistani H, Attallah D, Algarni MA, Saleh BH, Alhussainy
NH, Sait AM, Ibrahem K (2022) Repurposing the anticancer
drug cisplatin for antibacterial therapy: evaluating its efficacy
against Pseudomonas aeruginosa infections. Infect Drug
Resist 15: 4179-4186. doi: 10.2147/IDR.S524005.

Albuhairy A, Attallah D, Qashqari S, Al-Rabia MW, Kaki R,
Harakeh S, Alkuwaity K, Abujamel T, Altorki T, Mokhtar J,
Alharbi O, Ismail M, Mufrrih M, Sait A, Momin H, Abu I,
Saleh B, Ekhmimi T, Alfadil A, Ibrahem KA (2024)
Bloodstream infections caused by Staphylococcus aureus in
patients admitted to King Abdulaziz University Hospital,
Jeddah, Saudi Arabia. Eur Rev Med Pharmacol Sci 28: 4621-
4633.

Mokhtar J, Attallah D, Al-Rabia MW, Algarni MA, Alkuwaity
KK, Almoghrabi Y, Daghistani H, Ismail MA, Sharif AT,
Redwan B, Ajabnoor AM, Alharbi OS, Abu IM, Alhazmi W,
Mufrrih M, Sait AM, Alfadil A, Daghistani Y, Momin HJ,
Ibrahem K (2025) Epidemiology and clinical impact of
vancomycin-resistant  Enterococcus at King Abdulaziz
University Hospital (2015-2022): prevalence, risk factors, and
mortality. Int J Gen Med 18:  2021-2031.
doi.org/10.2147/1IGM.S508262.

Elfadil A, Ibrahem K, Abdullah H, Mokhtar JA, Al-Rabia MW,
Mohammed HA (2024) Synergistic activity of 3-
hydrazinoquinoxaline-2-thiol in combination with penicillin
against MRSA. Infect Drug Resist 17: 355-364.
doi.org/10.2147/IDR.S448843.

Ibrahem K, Alhazmi W, Niyazi HA, Niyazi HA, Saleh B,
Ekhmimi T, Mokhtar JA, Attallah D, Bazuhair M, Alkuwaity
K, Sait A, Mufrrih M, Ismail M, Almoghrabi Y, Daghistani H,
Alharbi O, Altayb H, Alfadil A (2024) An in vitro investigation
of the potential synergistic effect of 3-hydrazinoquinoxaline-2-
thiol and thymoquinone against methicillin-resistant
Staphylococcus aureus (MRSA). J Pure Appl Microbiol 18:
2837-2849. doi: 10.22207/JPAM.18.4.55.

Alharbi OS, Alharbi MT, Saleh BH, Daghistani H, Shamrani
T, Ismail MA, Sait AM, Zubair MA, Juma NA, Helmi NR,
Mufrrih M, Niyazi HA, Niyazi H, Alhazmi W, Halabi WS,
Alfadil A, Tbrahem K (2025) Unveiling the synergistic power
of 3-hydrazinoquinoxaline-2-thiol and vancomycin against
MRSA: an in vitro and in silico evaluation. Biomol Biomed 25:
2335-2344. doi: 10.17305/bb.2025.11886.

Hu Y, Liu Y, Coates A (2019) Azidothymidine produces
synergistic activity in combination with colistin against
antibiotic-resistant Enterobacteriaceae. Antimicrob Agents
Chemother 63: €02171-18. doi: 10.1128/AAC.02171-18.
Jiang L, Lin J, Taggart CC, Bengoechea JA, Scott CJ (2018)
Nanodelivery strategies for the treatment of multidrug-resistant
bacterial infections. J Interdiscip Nanomed 3: 111-121. doi:
10.1002/jin2.438.

808



Bani Abdel-Rahman et al. — Cisplatin Activity Against Gram-Positive Pathogens

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Rohde M (2019) The gram-positive bacterial cell wall.
Microbiol Spectr 7: GPP3-0044-2018. doi:
10.1128/microbiolspec. GPP3-0044-2018.

Beveridge TJ (1999) Structures of gram-negative cell walls and
their derived membrane vesicles. J Bacteriol 181: 4725-4733.
doi: 10.1128/jb.181.16.4725-4733.1999.

Dasari S, Tchounwou PB (2014) Cisplatin in cancer therapy:
molecular mechanisms of action. Eur J Pharmacol 740: 364-
378. doi: 10.1016/j.ejphar.2014.07.025.

Chowdhury N, Wood TL, Martinez-Vazquez M, Garcia-
Contreras R, Wood TK (2016) DNA-crosslinker cisplatin
eradicates bacterial persister cells. Biotechnol Bioeng 113:
1984-1992. doi: 10.1002/bit.25963.

Viganor L, Howe O, McCarron P, McCann M, Devereux M
(2017) The antibacterial activity of metal complexes
containing 1,10-phenanthroline: potential as alternative
therapeutics in the era of antibiotic resistance. Curr Top Med
Chem 17: 1280-1302. doi:
10.2174/1568026616666161003143333.

Robertazzi A, Platts JA (2004) Hydrogen bonding, solvation,
and hydrolysis of cisplatin: a theoretical study. ] Comput Chem
25: 1060-1067. doi: 10.1002/jcc.20038.

Navarre WW (1999) Gram-positive cell wall. Microbiol Mol
Biol Rev 63: 174-229.

Ha KP, Edwards AM (2021) DNA repair in Staphylococcus
aureus. Microbiol Mol Biol Rev 85: e00091-21. doi:
10.1128/mmbr.00091-21.

Ha KP, Clarke RS, Kim GL, Brittan JL, Rowley JE, Mavridou
DAL Parker D, Clarke TB, Nobbs AH, Edwards AM (2020)
Staphylococcal DNA repair is required for infection. mBio 11:
¢02288-20. doi: 10.1128/mBi0.02288-20.

Li XZ, Livermore DM, Nikaido H (1994) Role of efflux pumps
in intrinsic resistance of Pseudomonas aeruginosa: resistance
to tetracycline, chloramphenicol, and norfloxacin. Antimicrob
Agents Chemother 38: 1732-1741. doi:
10.1128/AAC.38.8.1732.

41.

42.

43.

44,

45.

46.

47.

48.

49.

J Infect Dev Ctries 2026; 20(6):802-809.

Linzner N, Van Loi V, Fritsch VN, Antelmann H (2021) Thiol-
based redox switches in the major pathogen Staphylococcus
aureus. Biol Chem 402: 333-361. doi: 10.1515/hsz-2020-0272.
Gaca AO, Lemos JA (2019) Adaptation to adversity: the
intermingling of stress tolerance and pathogenesis in
enterococci. Microbiol Mol Biol Rev 83: e00008-19. doi:
10.1128/mmbr.00008-19.

Kim SJ, Chang J, Singh M (2015) Peptidoglycan architecture
of gram-positive bacteria by solid-state NMR. Biochim
Biophys  Acta  Biomembr  1848:  350-362.  doi:
10.1016/j.bbamem.2014.05.031.

Ma P, Xiao H, Yu C, Liu J, Cheng Z, Song H, Zhang X, Li C,
Wang J, Gu Z, Lin J (2017) Enhanced cisplatin chemotherapy
by iron oxide nanocarrier-mediated generation of highly toxic
reactive oxygen species. Nano Lett 17: 928-937. doi:
10.1021/acs.nanolett.6b04269.

Seixas AF, Quendera AP, Sousa JP, Silva AFQ, Arraiano CM,
Andrade JM (2022) Bacterial response to oxidative stress and
RNA  oxidation. Front Genet 12: 821535. doi:
10.3389/fgene.2021.821535.

Gupta A, Bernacchia L, Kad NM (2022) Culture media,
DMSO and efflux affect the antibacterial activity of cisplatin
and oxaliplatin. Lett Appl Microbiol 75: 951-956. doi:
10.1111/lam.13767.

Karasawa T, Steyger PS (2015) An integrated view of
cisplatin-induced nephrotoxicity and ototoxicity. Toxicol Lett
237:219-227. doi: 10.1016/j.toxl1et.2015.06.012.

Wertman JN, Melong N, Stoyek MR, Piccolo O, Langley S,
Orr B, Berman JN (2020) The identification of dual protective
agents against cisplatin-induced oto- and nephrotoxicity using
the  zebrafish model. Elife 9: e56235. doi:
10.7554/eLife.56235.

Sung CYW, Hayase N, Yuen PS, Lee J, Fernandez K, Hu X,
Cheng H, Star RA, Warchol ME, Cunningham LL (2024)
Macrophage depletion protects against cisplatin-induced
ototoxicity and nephrotoxicity. Sci Adv 10: eadk9878. doi:
10.1126/sciadv.adk9878.

809



	Introduction
	Methodology
	MRSA identification
	Detection of Coagulase-Negative Staphylococci (CoNS) Using the VITEK 2 System
	Detection of Vancomycin-Resistant Enterococci (VRE) via VITEK 2
	MIC Assay
	Ethical Statement

	Results
	Antimicrobial Activity of Cisplatin Against Gram-Positive Clinical Isolates

	Discussion
	Conclusions
	Corresponding author
	Conflict of interest
	References

