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ARTICLE INFO ABSTRACT
Received: 27 Apr. 2026 Objective: To investigate the antibacterial and antibiofilm activities of diosmin, a plant-derived flavonoid
Accepted: 29 Jun. 2026 glycoside, against clinical isolates of methicillin-resistant Staphylococcus aureus (MRSA), in response to the

growing challenge of multidrug-resistant bacterial infections.

Methods: The antibacterial activity of diosmin was assessed against five clinical MRSA isolates using broth
microdilution method to determine minimum inhibitory concentration (MIC) and minimum bactericidal
concentration (MBC). Antibiofilm activity was evaluated using crystal violet biofilm assay. Additionally, cell
viability within biofilms was measured using a triphenyl tetrazolium chloride (TTC) assay.

Results: Diosmin demonstrated a consistent MIC of 1.0 mg/mL and MBC of 2.0 mg/mL across all tested MRSA
isolates, indicating primarily bacteriostatic activity at lower concentrations. Biofilm formation was significantly
inhibited in a dose-dependent manner, with reductions ranging from 52% to 79% at 1.5 mg/mL. The minimum
biofilm inhibitory concentration (MBICso) values ranged from 0.0048 mg/mL to 0.0350 mg/mL. TTC assay results
showed that diosmin significantly reduced viable biofilm-embedded cells at concentrations equal to or above the
MIC, while sub-MIC concentrations exhibited minimal cytotoxic effects, suggesting non-lethal antibiofilm
mechanisms.

Conclusion: Diosmin exhibits promising antibacterial and antibiofilm activities against MRSA, with effective
inhibition of biofilm formation and reduction of viable cells. These findings support its potential as a natural
alternative or adjunct therapeutic agent for managing MRSA infections.
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worldwide priority pathogens list of antibiotic-resistant

INTRODUCTION bacteria [10].

Methicillin-resistant, or methicillin-resistant

Multidrug-resistant bacteria that cause infections are Staphylococcus aureus (MRSA), is considered one of the worst
becoming more common, and this creates an imminent risk to  antibiotic-resistant bacteria in the USA, which costs the health-
global health [1, 2]. There has been a high death rate, disability  care system $3-4 billion annually [11]. Thus, research is still
rate, and sickness rate due to a shortage of recently developed  concentrated on MRSA infection control and prevention [12].
antimicrobial medications, especially in poornations [3]. twas  Antimicrobial compounds derived from plants offered an

rep'orted'that each year more than 2.8 million antibiot'ic— effective remedy, despite the fact that their antibacterial
resistant illnesses caused 35,000 deaths in the USA [4]. Despite efficacy is less than that of conventional antibiotics. As a

the fact that antibiotics are the most effective treatment for  consequence, herbal components can be used with antibiotics
bacterial diseases, bacteria are become resistant to these g increase their efficacy against bacterial illnesses [13].

medications [5, 6]. According to estimates, resistant
Staphylococcus aureus (S. aureus) infections cause about one
million fatalities worldwide [7]. S. aureus is an opportunistic
pathogen that causes high rates of illness and death. It plays a
significant role in the development of both minor and serious
diseases, such as toxic shock syndrome, infective endocarditis,
osteomyelitis, skin and respiratory infections, and toxic shock
syndrome [8, 9]. S. aureus is one of the clinically major
worldwide risks associated with multidrug resistance,
according to the World Health Organization’s most recent

Flavonoids known for its high bioactive components, which
poses potent biological actions [14]. These compounds can be
found in large amounts in a variety of foods, including fruits,
vegetables, whole grains, legumes, beans, herbs, seeds, nuts,
tea, and dark chocolate [15, 16]. Their therapeutic value and
biological activities are attributed to their presence of
bioactive phytochemical constituents. Diosmin compound is
also known as diosmetin 7-O-rutinoside is classified as an
unsaturated flavonoid glycoside has been previously isolated
from citrus fruits [17]. It is a physiologically active polyphenol

Copyright © 2026 by Author/s and Licensed by Modestum. This is an open access article distributed under the Creative Commons Attribution License which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.


https://www.ejgm.co.uk/
mailto:sultan.s.ayesh@ahu.edu.jo
https://doi.org/10.29333/ejgm/19028
https://orcid.org/0000-0001-7134-3199
https://orcid.org/0000-0002-8747-0747
https://orcid.org/0000-0003-3751-7348

2/6 Saghiretal. / ELECTRON J GEN MED, 2026;23(4):em746

Table 1. List of bacterial strains used in antibacterial

assessment

Number of clinical isolates Accession number

MRSA isolate 2 0Q568767
MRSA isolate 4 0Q568769
MRSA isolate 6 0Q568771
MRSA isolate 7 0Q568772
MRSA isolate 9 0Q568774

Note. MRSA: Methicillin-resistant Staphylococcus aureus

with anti-inflammatory, antioxidant,

mutagenic qualities [18].

hypoglycemic, and

Prior studies demonstrated a nephroprotective role for
diosmin against alloxan-induced nephropathy in rat models,
and its efficiency against alcoholic liver injury [19].
Furthermore, diosmin effectively enhanced cardiac functions
and had antihyperlipidemic effects against isopropanol-
induced myocardial damage in rats [20]. A search of the
literature turned up no credible studies on the defenses of
diosmin against MRSA. Consequently, the purpose of this study
is to investigate the antibacterial effects of efficacy of diosmin
against MRSA and examination of its safety and the underlying
mechanism of action.

MATERIALS AND METHODS

Bacterial Culture and Preparation

Clinical isolates of MRSA (MRSA 2, MRSA 4, MRSA 6, MRSA 7,
and MRSA 9) were obtained and stored at -80 °C in 20% glycerol.
These isolates were previously identified and characterized in
previous studies [21, 22]. Prior to experiments, each strain was
streaked onto nutrient agar plates and incubated at 37 °C for
18-24 hours. Single colonies were then selected and inoculated
into Mueller-Hinton Broth, followed by incubation at 37 °C with
shaking at 150 rpm until reaching the logarithmic growth phase
(OD600 = 0.5).

Bacterial suspensions were subsequently adjusted to a
final concentration of 5 x 105 CFU/mL for minimum inhibitory
concentration (MIC), minimum bactericidal concentration
(MBC), and biofilm assays. A stock solution of diosmin was
prepared by dissolving 10 mg in 1 mL of dimethyl sulfoxide
(DMSO). The untreated control culture was prepared similarly.
Each test was performed in triplicate. Diosmin was purchased
from Biosynth Carbosynth, UK, five strains of MRSA were used
in this study to detect antimicrobial and antibiofilm activity of
diosmin. Diosmin was purchased from Biosynth Carbosynth,
UK. Rregarding the microorganisms, five strains of MRSA were
used in this study to detect antimicrobial and antibiofilm
activity of diosmin (Table 1).

Determination of Minimal Inhibitory Concentration and
Minimal Bactericidal Concentration of Diosmin

The broth dilution technique was employed to ascertain
the MIC and MBC values of diosmin against MRSA strains,
according to early study with some modifications [23]. In 96-
well microplates, 100 pL of each diosmin dilution ranging from
5mg/mL to 0.01 mg/mL was mixed with 90 uL of Mueller Hinton
broth and 10 pL of bacterial inoculums. The bacterial inoculum
was prepared at 5 x 10° CFU/mL, resulting in a final inoculum
concentration of 5 x 10° CFU/mL in each well, in accordance
with NCCLS standard methods, with some modifications.

The MIC is defined as the lowest concentration at which the
tested concentration fully prevents the visible growth of
bacteria after a 24-hour incubation period at 37 °C, as
measured by an ELISA reader. While, for determination of MBC,
10 pl from each well with concentrations equal to or greater
than the MIC was sub-cultured on Muller-Hinton agar for 24
hours at 37 °C. The MBC is characterized as the concentration
of diosmin that eliminates 99.9% of the introduced bacteria
[24].

Evaluation of Anti-Biofilm Activity of Diosmin

Anti-biofilm activity was assessed using crystal violet and
triphenyl tetrazolium chloride (TTC) viability assays [2].

Minimum Biofilm Inhibition Concentration

The effectiveness of diosmin in combating biofilms formed
by MRSA strains was evaluated using the crystal violet method,
as per the specified protocol. As for the MIC, the same
procedure was followed in the 96-well plate, and the plate was
incubated at 37 °C. After incubation for 24 hours, planktonic
cells and loosely bound cells were washed off three times with
sterile normal saline, and the plates were dried. Afterward, the
biofilm was stained with 0.250 mL of 0.4% (w/v) crystal violet.
To eliminate excess stain, the contents of the wells were
discarded and subsequently washed twice with sterile normal
saline and dried. 0.250 mL of 30 (v/v) glacial acetic acid was
introduced to each well to facilitate the adherence of the
biofilm to crystal violet for duration of 10 minutes and
measured at 600 nm [24].

MBIC is characterized as the lowest concentration that
demonstrates the most significant reduction in biofilm
formation relative to the control. Conversely, the MBIC of
diosmin necessary to inhibit biofilm formation by 50% is
referred to as minimum biofilm inhibitory concentration of 50
(MBICso). The percentage inhibition was measured as % of
inhibition = (control ODew - treated ODeoo)/control ODsoo) x 100.

Cell Viability Assay of Diosmin

The activity of diosmin on the cell viability of different
MRSA strains within biofilm was assess by using TTC assay
(2,3,5-triphenyl-tetrazolium chloride), as described previously
in crystal violet and MIC methodology with some modifications
[25]. After 24 hours, the well contents were discarded, washed
with normal saline, and then dried. After that, 50 uL of 2% TTC
was added to each well of 96-well microtiter plate and then
incubated in a dark condition at 37°C and 150 rpm to allow
reduction of TTC by metabolically active cells to formazan red
dye. After five hours, the absorbance was recorded at 450 nm.
The percentage of inhibition in MRSA strains viable cells was
calculated in reference to the untreated control culture.

Statistical Analysis

Data are expressed as mean * standard deviation.
Statistical analysis was performed using SPSS software
(version 25.0; SPSS Inc., Chicago, IL, USA). Comparisons among
different groups were conducted using one-way analysis of
variance, followed by Dunnett’s post-hoc test using GraphPad
Prism 7 software (San Diego, CA, USA). Statistical significance
was defined as p <0.05.
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Table 2. MIC and MBC of diosmin against MRSA isolates

Isolate number MIC MBC

MRSA 2 1 mg/ml 2 mg/ml
MRSA 4 1 mg/ml 2 mg/ml
MRSA 6 1 mg/ml 2 mg/ml
MRSA 7 1 mg/ml 2 mg/ml
MRSA 9 1 mg/ml 2 mg/ml
Note. MIC: Minimum inhibitory concentration; MBC: Minimum

bactericidal  concentration; &  MRSA: Methicillin-resistant

Staphylococcus aureus

RESULTS

Evaluation of MIC & MBC of Diosmin

The antibacterial efficacy of diosmin against five MRSA
clinical isolates (MRSA 2, MRSA 4, MRSA 6, MRSA 7, and MRSA 9)
was assessed using the broth microdilution method. Diosmin
exhibited a consistent MIC of 1.5 mg/mL across all tested
strains, effectively preventing visible bacterial growth after 24
hours of incubation at 37 °C. The MBC was determined to be
greater than 3 mg/mL for all isolates, indicating that diosmin
bactericidal activity requires higher concentrations than its
inhibitory effects (Table 2).

Anti-Biofilm Activity MBICso

The ability of diosmin to inhibit biofilm formation by MRSA
strains was evaluated using the crystal violet staining assay,
with concentrations ranging from 0.002 to 1.449 mg/mL.
Diosmin demonstrated dose-dependent inhibition of biofilm
formation across all isolates (Figure 1). At the highest
concentration tested (1.449 mg/mL), significant reductions in
biofilm biomass were observed, with inhibition percentages of
79% (MRSA 2), 58% (MRSA 4), 52% (MRSA 6), 58% (MRSA 7), and
70% (MRSA 9). However, for isolates 2, 4, 6, 7, and 9, diosmin
exhibited MBICs, values of 0.0048 mg/ml, 0.0150 mg/ml, 0.012

& of biofilmInhibition
% of biofilm Inhibition

mg/ml, 0.035 mg/ml, and 0.0177 mg/m, respectively. These
results indicate that diosmin effectively disrupts biofilm
formation, with MRSA 2 and MRSA 9 showing the highest
susceptibility.

Effect of Diosmin on Cell Viability

To confirm that diosmin antibiofilm activity was not solely
due to reduced bacterial growth, cell viability within MRSA
biofilms was assessed using a TTC assay. Biofilms treated with
diosmin concentrations at or above the MIC (1.449 mg/mL)
showed significant reductions in viable cells. Specifically, at
1.449 mg/mL and 0.97 mg/mL, cell viability was reduced by
72.51% and 48.50%, respectively, compared to untreated
controls (Figure 2). At lower concentrations (0.324-0.00005
mg/mL), no significant inhibition was observed, with over 90%
of cells remaining viable. Consequently, concentrations of
0.324,0.108, and 0.036 mg/mL were selected for further studies
due to their minimal impact on cell viability. The negative
control DMSO showed no antibiofilm activity.

DISCUSSION AND CONCLUSION

The accelerating prevalence of bacteria capable of
withstanding multiple antimicrobial agents has emerged as a
critical concern for modern healthcare systems, particularly
due to the sustained clinical burden imposed by MRSA [26].
Ongoing challenges in antibiotic discovery and development
have shifted research efforts toward non-conventional
antimicrobial  sources, including biologically active
constituents of medicinal plants [27]. Diosmin, a citrus-derived
flavonoid glycoside known for its antioxidant and anti-
inflammatory effects, has been widely studied in
cardiovascular and metabolic contexts [18]; however, its
effectiveness against MRSA remains limited and requires
further investigation [28].
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Figure 1. Antibiofilm effect of diosmin on different MRSA isolates (panels [2, 4, 6, 7, and 9] correspond to the five tested isolates:
MRSA 2 [a], MRSA 4 [b], MRSA 6 [c], MRSA 7 [d], and MRSA 9 [e]); Biofilm formation was assessed using the crystal violet assay after
24 h of incubation with diosmin at concentrations ranging from 1.449 mg/mL to 0.002 mg/mL; Data are presented as mean +
standard deviation (n=3); *p <0.05; **p < 0.01; & ***p < 0.001 compared to control) (created by the authors using GraphPad Prism

7 software [San Diego, CA, USA])
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Figure 2. Percentage of inhibition in MRSA strains viable cells treated or untreated with diosmin (panels [2, 4, 6, 7, and 9]
correspond to the five tested isolates: MRSA 2 [a], MRSA 4 [b], MRSA 6 [c], MRSA 7 [d], and MRSA 9 [e]); Cell viability of biofilm was
assessed by using TTC assay after 24 h of incubation with diosmin at concentrations ranging from 1.449-0.002 mg/mL; Data are
presented as mean + standard deviation (n = 3); p < 0.05; **p <0.01, & ***p < 0.001 compared to control) (created by the authors

using GraphPad Prism 7 software [San Diego, CA, USA])

This study shows that diosmin has significant antibacterial
and antibiofilm activity against clinical MRSA isolates,
suggesting its potential as a complementary approach for
managing multidrug-resistant infections. The consistent MIC
across isolates indicates a reliable inhibitory effect, while the
higher MBC suggests a primarily bacteriostatic action at lower
concentrations, requiring higher doses for bactericidal activity.
This pattern is typical of flavonoids and supports their use as
adjunct rather than standalone antimicrobial agents [26].
Diosmin demonstrated strong antibiofilm activity in a dose-
dependent manner, with substantial reductions in biofilm
biomass at higher concentrations. Biofilm-associated
infections represent a major clinical challenge due to their
inherent tolerance to antibiotics and host immune defenses
[28].

The observed antibiofilm efficacy of diosmin is therefore
particularly relevant, as it suggests an ability to interfere with
early biofilm development and maturation, processes that are
critical for persistent MRSA infections [29]. Assessment of cell
viability within established biofilms using the TTC assay
revealed that diosmin significantly reduced the metabolic
activity of biofilm-embedded cells at concentrations equal to
or exceeding the MIC. This finding indicates that, at higher
concentrations, diosmin’s antibiofilm activity is partly
attributable to a direct inhibitory effect on bacterial viability
within the biofilm matrix.

In contrast, sub-MIC concentrations showed minimal
effects on cell viability, despite measurable reductions in
biofilm formation. This observation suggests that diosmin may
interfere with biofilm development through non-lethal
mechanisms at lower doses [27]. Although the precise
molecular mechanisms underlying diosmin’s antibiofilm
activity were not directly investigated in this study, several
plausible explanations can be proposed based on the known
biological properties of flavonoids. Previous studies on

structurally related flavonoid compounds have shown that
they can disrupt quorum sensing systems, reduce extracellular
polymeric substance production, and interfere with bacterial
surface adhesion [26]. It is therefore reasonable to hypothesize
that diosmin may modulate similar pathways, thereby
weakening biofilm structure and stability without exerting
overt cytotoxic effects at sub-inhibitory concentrations. These
non-lethal antibiofilm actions are particularly attractive, as
they may reduce selective pressure for resistance development
[27]. Despite its promising antibiofilm and antibacterial effects,
the relatively high MBC values observed indicate that diosmin
alone may not be sufficient for complete bacterial eradication
at clinically feasible concentrations. This limitation reinforces
the potential value of combination strategies, where diosmin
could be used alongside conventional antibiotics to enhance
overall efficacy, improve biofilm penetration, and possibly
reduce required antibiotic doses [30]. In summary, diosmin
shows promise as an antibacterial and antibiofilm agent
against MRSA, particularly as an adjunct therapy. Future
studies should clarify its molecular targets, assess synergy with
antibiotics, and confirm its efficacy and safety in vivo to
establish its clinical relevance against resistant staphylococcal
infections.

Author contributions: SAMS: conceptualization, formal analysis,
funding acquisition, methodology, project administration, supervision,
writing - original draft; SMD: conceptualization, formal analysis,
funding acquisition, methodology, project administration, supervision,
writing - original draft, writing - review & editing; SA:
conceptualization, formal analysis, funding acquisition, methodology,
project administration, supervision, writing - original draft, writing -
review & editing. All authors have agreed with the results and
conclusions.

Funding: This study was supported by the Deanship of Scientific
Research at Al-Hussein Bin Talal University for funding it under grants
number 2023/174.

Acknowledgments: The authors would like to thank the Deanship of
Scientific Research at Al-Hussein Bin Talal University for their



Saghiretal. / ELECTRON J GEN MED, 2026;23(4):em746

5/6

invaluable support and assistance in the successful completion of this
project.

Ethical statement: The authors stated that this study was approved by
the Research Ethics Committee at the University of Jordan Hospital on
14 September 2021 with reference number: 285/2021.

Al statement: The authors stated that generative Al was not used
through writing this research.

Declaration of interest: No conflict of interest is declared by the
authors.

Data sharing statement: Data supporting the findings and
conclusions are available upon request from the corresponding author.

REFERENCES

10.

van Duin, D, Paterson DL. Multidrug-resistant bacteria in
the community: An update. Infect Dis Clin North Am.
2020;34(4):709-22.  https://doi.org/10.1016/j.idc.2020.08.
002 PMid:33011046 PMCid:PMC8713071

Al Hashedi SA, Dmour SM, Galut HS, et al. Myricetin as a
potential therapeutic agent against Pseudomonas
aeruginosa: Inhibition of biofilm formation, quorum
sensing, and virulence factor production. Biofouling.
2026;42(4):429-45. https://doi.org/10.1080/08927014.2026.
2634395 PMid:41807094

Antimicrobial Resistance Collaborators. Global burden of
bacterial antimicrobial resistance in 2019: A systematic
analysis. Lancet. 2022;399(10325):629-55. https://doi.org/
10.1016/S0140-6736(21)02724-0 PMid:35065702 PMCid:
PMC8841637

Kadri SS. Key takeaways from the US CDC’s 2019 antibiotic
resistance threats report for frontline providers. Crit Care
Med. 2020;48(7):939-45.  https://doi.org/10.1097/CCM.
0000000000004371 PMid:32282351 PMCid:PMC7176261
Ventola CL. The antibiotic resistance crisis: Part 1: Causes
and threats. P T. 2015;40(4):277-83.

Dmour SM, Abushattal S, Saghir, SAM, et al. Phytochemical
composition, antibacterial, and antioxidant properties of
Foeniculum vulgare essential oil. Online J Biol Sci.
2025;25(3):617-26. https://doi.org/10.3844/0jbsci.2025.
617.626

GBD 2019 Antimicrobial Resistance Collaborators. Global
mortality associated with 33 bacterial pathogens in 2019: A
systematic analysis for the global burden of disease study
2019. Lancet. 2022;400(10369):2221-48.

Coates MM, Kintu A, Gupta N, et al. Burden of non-
communicable diseases from infectious causes in 2017: A
modelling study. Lancet Glob Health. 2020;8(12):e1489-98.
https://doi.org/10.1016/S2214-109X(20)30358-2 PMid:
33098769 PMCid:PMC8040338

Al-Groom R, Al-Saraireh G, Saghir SAM, et al. Resistance
profiles of Staphylococcus aureus isolates against
frequently used antibiotics at private sector laboratories in
Jordan. Iran J Microbiol. 2025;17(2):229-38. https://doi.org/
10.18502/ijm.v17i2.18382 PMid:40337673 PMCid:
PMC12053391

Gurung RR, Maharjan P, Chhetri GG. Antibiotic resistance
pattern of Staphylococcus aureus with reference to MRSA
isolates from pediatric patients. Future Sci OA.
2020;6(4):FSO464. https://doi.org/10.2144/fsoa-2019-0122
PMid:32257376 PMCid:PMC7117559

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Bueno J. Antimicrobial adjuvants drug discovery, the
challenge of avoid the resistance and recover the
susceptibility of multidrug-resistant strains. J Microb
Biochem Technol. 2016;8(3):169-76. https://doi.org/10.
4172/1948-5948.1000281

Kramer T, Schroder C, Behnke M, et al. Decrease of
methicillin resistance in Staphylococcus aureus in
nosocomial infections in Germany - A prospective analysis
over 10 years. J Infect. 2019;78(3):215-9. https://doi.org/10.
1016/}.jinf.2018.12.005 PMid:30658080

AbiramasundariP, PriyaV, Jeyanthi GP, Devi SG. Evaluation
of the antibacterial activity of Cocculus hirsutus. Hygeia J
Drugs Med. 2011;3(2):26-31.

Cizmérovd B, Hubkova B, Tomeckova V, Birkova A.
Flavonoids as promising natural compounds in the
prevention and treatment of selected skin diseases. Int J
Mol Sci. 2023;24(7):6324. https://doi.org/10.3390/ijms
24076324 PMid:37047297 PMCid:PMC10094312

Webb D. Phytochemicals’ role in good health. TD.
2013;15(9):70.

Liu RH. Dietary bioactive compounds and their health
implications.  J Food Sci.  2013;78(s1):A18-25.
https://doi.org/10.1111/1750-3841.12101

Szymanski M, Mlynarek D, Szymanski A, Matlawska I.
Simultaneous determination of diosmin and hesperidin in
pharmaceuticals by RPLC using ionic liquids as mobile
phase modifiers. Iran J Pharm Res. 2016;15(1):141-8.
Srinivasan S, Pari L. Ameliorative effect of diosmin, a citrus
flavonoid against streptozotocin-nicotinamide generated
oxidative stress induced diabetic rats. Chem Biol Interact.
2012;195(1):43-51.  https://doi.org/10.1016/j.cbi.2011.10.
003 PMid:22056647

Ahmed S, Mundhe N, Borgohain M, et al. Diosmin
modulates the NF-kB signal transduction pathways and
downregulation of various oxidative stress markers in
alloxan-induced diabetic nephropathy. Inflammation.
2016;39(5):1783-97.  https://doi.org/10.1007/s10753-016-
0413-4 PMid:27492452

Senthamizhselvan O. Manivannan J, Silambarasan T, Raja
B. Diosmin pretreatment improves cardiac function and
suppresses oxidative stress in rat heart after
ischemia/reperfusion. Eur J Pharmacol. 2014;736:131-7.
https://doi.org/10.1016/j.ejphar.2014.04.026 PMid:
24769512

Abushattal S, Alnaimat SM, Dmour SM, Saidat N, Al-Nsour
EH. Molecular profiling and genetic diversity of mecA-
mediated methicillin-resistant staphylococcus aureus
isolates from healthcare workers in a major hospital.
Electron J Gen Med. 2025;22(5):em686. https://doi.org/10.
29333/ejgm/16775 PMCid:PMC12855577

Al-Nsour EH, Al-Hadithi H, Al-Groom RM, et al. Increased
incidence of methicillin resistant Staphylococcus aureus
and methicillin resistant Staphylococcus epidermidis in the
skin and nasal carriage among healthcare workers and
inanimate hospital surfaces after the COVID-19 pandemic.
Iran J Microbiol. 2024;16(5):584-97. https://doi.org/10.
18502/ijm.v16i5.16791 PMid:39534286 PMCid:
PMC11551659

Narimisa N, Khoshbayan A, Gharaghani S, Razavi S, Jazi FM.
Inhibitory effects of nafcillin and diosmin on biofilm
formation by Salmonella Typhimurium. BMC Microbiol.
2024;24(1):522. https://doi.org/10.1186/512866-024-03646-
1 PMid:39695365 PMCid:PMC11653847


https://doi.org/10.1016/j.idc.2020.08.002
https://doi.org/10.1016/j.idc.2020.08.002
https://doi.org/10.1080/08927014.2026.2634395
https://doi.org/10.1080/08927014.2026.2634395
https://doi.org/10.1016/S0140-6736(21)02724-0
https://doi.org/10.1016/S0140-6736(21)02724-0
https://doi.org/10.1097/CCM.0000000000004371
https://doi.org/10.1097/CCM.0000000000004371
https://doi.org/10.3844/ojbsci.2025.617.626
https://doi.org/10.3844/ojbsci.2025.617.626
https://doi.org/10.1016/S2214-109X(20)30358-2
https://doi.org/10.18502/ijm.v17i2.18382
https://doi.org/10.18502/ijm.v17i2.18382
https://doi.org/10.2144/fsoa-2019-0122
https://doi.org/10.4172/1948-5948.1000281
https://doi.org/10.4172/1948-5948.1000281
https://doi.org/10.1016/j.jinf.2018.12.005
https://doi.org/10.1016/j.jinf.2018.12.005
https://doi.org/10.3390/ijms24076324
https://doi.org/10.3390/ijms24076324
https://doi.org/10.1111/1750-3841.12101
https://doi.org/10.1016/j.cbi.2011.10.003
https://doi.org/10.1016/j.cbi.2011.10.003
https://doi.org/10.1007/s10753-016-0413-4
https://doi.org/10.1007/s10753-016-0413-4
https://doi.org/10.1016/j.ejphar.2014.04.026
https://doi.org/10.29333/ejgm/16775
https://doi.org/10.29333/ejgm/16775
https://doi.org/10.18502/ijm.v16i5.16791
https://doi.org/10.18502/ijm.v16i5.16791
https://doi.org/10.1186/s12866-024-03646-1
https://doi.org/10.1186/s12866-024-03646-1

6/6

Saghiretal. / ELECTRON J GEN MED, 2026;23(4):em746

24. Thieme L, Hartung A, Tramm K, et al. MBEC versus MBIC:

25.

26.

The lack of differentiation between biofilm reducing and
inhibitory effects as a current problem in biofilm
methodology.  Biol Proced Online.  2019;21:18.
https://doi.org/10.1186/s12575-019-0106-0 PMid:31528123
PMCid:PMC6743098

Saghir SAM, Sadikun A, Al-Suede FSR, Majid AMSA,
Murugaiyah V. Antihyperlipidemic, antioxidant and
cytotoxic activities of methanolic and aqueous extracts of
different parts of star fruit. Curr Pharm Biotechnol.
2016;17(10):915-25. https://doi.org/10.2174/138920101766
6160603013434 PMid:27262321

Xu S, Kang A, Tian Y, et al. Plant flavonoids with
antimicrobial  activity against methicillin-resistant
Staphylococcus aureus (MRSA). ACS Infect Dis.
2024;10(9):3086-97.  https://doi.org/10.1021/acsinfecdis.
4c00292 PMid:38833551

27.

28.

29.

30.

Sharma V, Sharma D, Saini M, et al. Flavonoids as
antimicrobial agents: A comprehensive review of
mechanisms and therapeutic potential. Curr Pharm
Biotechnol. 2025. https://doi.org/10.2174/0113892010384
002250628163849

Almutairy B. Flavonoid-mediated biofilm inhibition and
toxicological evaluation of Atriplex laciniata against
multidrug-resistant MRSA. Front Pharmacol.
2025;16:1577052. https://doi.org/10.3389/fphar.2025.
1577052 PMid:40575777 PMCid:PMC12198611

Carevi¢ T, Kolarevic S, Kolarevic MK, et al. Citrus flavonoids
diosmin, myricetin and neohesperidin as inhibitors of
Pseudomonas aeruginosa: Evidence from antibiofilm, gene
expression and in vivo analysis. Biomed Pharmacother.
2024;181:117642. https://doi.org/10.1016/j.biopha.2024.
117642 PMid:39486364

Porwal P, Sharma SK. Synergistic effect between
vancomycin and traditional Chinese medicine (TCM) herbs
against methicillin-resistant Staphylococcus aureus (MRSA)
infections. Pharmacol Res Mod Chin Med. 2024;13:100538.
https://doi.org/10.1016/j.prmcm.2024.100538


https://doi.org/10.1186/s12575-019-0106-0
https://doi.org/10.2174/1389201017666160603013434
https://doi.org/10.2174/1389201017666160603013434
https://doi.org/10.1021/acsinfecdis.4c00292
https://doi.org/10.1021/acsinfecdis.4c00292
https://doi.org/10.2174/0113892010384002250628163849
https://doi.org/10.2174/0113892010384002250628163849
https://doi.org/10.3389/fphar.2025.1577052
https://doi.org/10.3389/fphar.2025.1577052
https://doi.org/10.1016/j.biopha.2024.117642
https://doi.org/10.1016/j.biopha.2024.117642
https://doi.org/10.1016/j.prmcm.2024.100538

	INTRODUCTION
	MATERIALS AND METHODS
	Bacterial Culture and Preparation
	Determination of Minimal Inhibitory Concentration and Minimal Bactericidal Concentration of Diosmin
	Evaluation of Anti-Biofilm Activity of Diosmin
	Minimum Biofilm Inhibition Concentration
	Cell Viability Assay of Diosmin
	Statistical Analysis

	RESULTS
	Evaluation of MIC & MBC of Diosmin
	Anti-Biofilm Activity MBIC50
	Effect of Diosmin on Cell Viability

	DISCUSSION AND CONCLUSION
	REFERENCES

