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Introduction: Urinary tract infections related to catheters are one of the most common urinary infections and can affect patient 
outcomes. Hence, coating urinary catheters is an important issue against several resistant bacterial pathogens that can form a resistant 
biofilm. This study examined the antibacterial and antibiofilm properties of the coated catheter with green silver nanoparticles (AgNPs) 
made from Origanum majorana.
Methods: Aloe Vera, Ocimum basilicum, Matricaria chamomilla, Foeniculum vulgare, Glycyrrhiza glabra, Origanum majorana, 
Urtica urens, Salvia Rosmarinus, and Salvia officinalis hydro-alcoholic extracts were prepared and tested for their antibacterial 
activities utilizing the agar well diffusion technique. Furthermore, O. majorana extract was tested against biofilm formation using 
a microtiter plate assay. UPLC-ESI-Q-TOF was used for the profiling and tentative identification of biological compounds in the 
O. majorana extract. O. majorana was used to prepare AgNPs-MARJ, which were characterized for their size, charge, and shape. 
Further, AgNPs-MARJ were used to coat two types of urinary catheters. The coated catheters were tested for their resistance to 
bacterial biofilm formation and compared with non-coated catheters.
Results and Discussion: Initial antimicrobial screening tests showed that O. majorana extracts presented a significant (p<0.05; 
ANOVA/Tukey) antibacterial activity against the studied species of bacteria compared to the other plant extracts. O. majorana extract 
showed MIC value of 35.0 mg/mL for E. coli, Pseudomonas aeruginosa and K. pneumoniae and displayed the highest antibiofilm 
activity at 100 mg/mL. LC-MS analysis tentatively identified the presence of quinic acid and flavonoid-based constituents like 
apigenin which contribute to the antibiofilm activity. AgNPs-MARJ were efficiently prepared with a size and charge of 111.5 nm and 
−19.66 mV, respectively. The coated urinary catheters showed a significant (p<0.05) decrease in Pseudomonas aeruginosa biofilm 
formation compared to control non-coated catheters.
Conclusion: AgNPs-MARJ offer promising prospects for addressing biofilm-related challenges in urinary tract-related catheter 
infections.
Keywords: Origanum majorana, silver nanoparticles, urinary catheters, antibiofilm activity, plant extract

Introduction
Hospitals address incontinence and urine retention via catheters. Urinary tract infections can result from catheter surface 
bacterial colonization. Common catheter-associated bacteria include E. coli, K. pneumoniae, and E. faecalis. These 
organisms can form catheter biofilms, complicating therapy and increasing morbidity and healthcare costs.1 The 
produced biofilm provides a strong resistance to any delivered antibiotics. In this context, strenuous efforts have been 
directed to minimize the accumulation of bacteria on the surface of urinary catheters especially those used for long term 
therapy. The use of antibacterial coating agents such as silver sulfadiazine or antibiotics to prevent bacterial growth and 
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catheter infections is a traditional method for bacterial catheter colonization. These conventional methods have several 
limitations,such as they help germs to grow and become antimicrobial-resistant.1,2 In addition to other materials like 
antimicrobial peptides used for retardation of bacterial growth, they demonstrated potential toxicity, lower coating 
properties and high initial cost.3,4 Nanomaterials play a crucial role in controlling nosocomial infections via effective 
coating and releasing of components which can disrupt the formed resistant biofilm. Furthermore, they can be efficiently 
engineered to form an efficient coat, decrease bacterial adhesion to the catheter surface as well as be biocompatible. 
Different nanomaterials have been investigated for their efficiency for catheter coating and bacterial colonization growth 
retardation such as silver nanoparticles, gold nanoparticles, copper nanoparticles, and zinc-doped copper oxide 
nanoparticles.3–6

Among the metal nanoparticles, silver nanoparticles (AgNPs) showed a potent broad spectrum of antibacterial and 
anti-fungal properties, in addition, AgNPs can resist bacterial colonization in several ways.4,5 It was also demonstrated 
that AgNPs could be used as efficient coating nanomaterials for different surfaces like catheters, titanium implants, 
textiles, and water membranes.5–7

Natural products offer a wide range of biological molecules which have been shown to have many biological 
properties as well as being easily obtained via simple extraction procedures. The extracted materials could be used as 
alternatives to the chemically synthesized antibacterial agents. Origanum majorana offers antibiofilm activity on medical 
devices, such as catheters and implants. Coating O. majorana-based extract into the design of medical devices could 
possibly diminish biofilm formation and diminish the probability of device-related infections.8–10 Among various 
essential oils that may be useful as antibacterial agents is the O. majorana oil which belongs to the Lamiaceae 
family.11,12 O. marjorana is characterized also by the presence of a variety of volatile secondary metabolites, especially 
carvacrol which represents 81.5% of O. majorana essential oils. Carvacrol is traditionally used to treat different 
conditions like asthma, rheumatism, dizziness, gastrointestinal disorders, and migraine.13,14 The antimicrobial action of 
O. majorana essential oil relies on the hydrophobic property of the oil which facilitates easy penetration into the bacterial 
cell membrane. Further, it can also penetrate the cell interior to interact with intracellular sites vital for bacterial 
activities.15–17 Other researchers explained their role in inhibition of glucosyl transferase enzyme activity, which is 
responsible for bacteria adhesion to its sites.18

It is well known that plant extracts obtained from different sources are powerful materials for green synthesis of 
metallic NPs, especially AgNPs.19,20 It has been reported that AgNPs were prepared within higher stability and 
optimum particle size without the use of chemically reducing agents.21,22 Not only an environment friendly method 
but, also, it is straightforward and cheap. The prepared AgNPs obtained from plant sources have many physical, 
chemical, and biological purposes like antibacterial, anti-viral, anti-inflammatory, anti-platelet, and anti-fungal.22,23 

Our previous study has shown the coating of urinary catheters using AgNPs stabilized with certain cellulosic 
polymers.24 Even though the study revealed promising results, however, the use of polymers in terms of industry 
might be expensive and not economic. Combining the antibiofilm and antibacterial activities of O. majorana extract 
and AgNPs could provide a synergistic effect to retard and control bacterial colonization and biofilm formation in 
urinary catheters.

The present study aimed to evaluate the antimicrobial and antibiofilm activity of AgNPs coated with O. majorana, 
AgNPs-MARJ, prepared utilizing a green approach using O. majorana leaf extract. This was followed by coating of two 
types of urinary Foley catheters and investigating the effect of coating on the retardation of biofilm formation caused by 
P. aeruginosa. Briefly, different plants materials were extracted and tested for their antibacterial effect against different 
Gram-positive and Gram-negative bacterial strains using the agar well diffusion method to find the MIC in vitro of every 
plant extract. Further, the antibiofilm activity was conducted using microtiter plate assay for the best extract showing the 
highest antimicrobial activity. LC-MS was used to identify some of the important components of O. majorana. AgNPs were 
prepared using O. majorana extract and characterized for their size, charge, and morphology. The prepared AgNPs-MARJ 
were used to coat two types of urinary Foley catheters. The resistance of coated urinary catheters to bacterial biofilm 
formation was investigated and compared to non-coated catheters.
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Materials and Methods
Plant Materials and Preparation of the Plant Extracts
The plant materials were obtained for the local market from Buraydah, Qassim, Saudi Arabia, and authenticated by Dr. Hamdoon 
Mohammed, the pharmacognosist at the Faculty of Pharmacy, Qassim University, Saudi Arabia. A voucher sample of the plants 
was stored at the same department under the numbers OPP-136 to OPP-144, for the Aloe vera, Ocimum basilicum, Matricaria 
chamomilla, Foeniculum vulgare, Glycyrrhiza glabra, Origanum majorana, Urtica urens, Salvia rosmarinus, and Salvia 
officinalis. The plants are widely available in local herbalist shops and are not classified as endangered or extinct. Therefore, 
no institutional or additional approvals were required to conduct this research in accordance with local regulations. Plant 
materials were ground into small pieces before being subjected to extraction with hydroalcoholic solution (30% water in pure 
ethanol). The dried plant materials (100 g) were macerated with the hydroalcoholic solvent overnight under continuous agitation 
to facilitate the plant constituent extraction. The extracts were then filtrated using cellulose Whatman 7.0 cm2 filter paper and 
dried under reduced pressure and stored in the freezer for further phytochemical analysis and biological applications.25

Tested Microorganisms
The following microbial cultures were used in this study: Bacillus subtilis, Escherichia coli, Staphylococcus aureus, Serratia 
marcescens, Klebsiella pneumoniae and Pseudomonas aeruginosa. All these microorganisms are involved in human and 
animal diseases or frequently reported from contaminated soil, water, and food substances. All isolates were isolated from 
different sources in human bodies (urine, sputum, or stool) at Assiut University Hospital, Assiut, Egypt. These isolates were 
preliminary identified using Gram stain, morphological and physiological characters, and by using specific media.

Inoculum Preparation
For inoculum preparation, bacteria cultures were cultured in nutrient agar medium over night at 37 ±2 °C, then diluted 
with sterilized nutrient broth to obtain 108 CFU/mL using 0.5 McFarland standard (BioMerieux, Paris, France).

Screening for the Antimicrobial Potential Activity
The agar well-diffusion method was used to screen the antibacterial activity of all hydro-alcoholic extracts of 
medicinal plants used. Nutrient agar plates prepared according to the manufacturer’s instruction were autoclaved 
and dispensed into sterile 10 cm2 Petri dish. Further, 0.1 mL of diluted inoculum (105 CFU/mL) of test organism was 
spread on nutrient agar plates using sterilized glass spreader. Sterile cork borer was used to make 6-mm wells on 
nutrient agar plates (4 wells/plate) and filled with 50 μL of plant extract. DMSO (Sigma-Aldrich, St. Louis, MO, USA) 
was used as a negative control and chloramphenicol (20 μg/mL) (Sigma-Aldrich, St. Louis, MO, USA) was used as 
a positive control. DMSO was the negative control because it is often used as a solvent to dissolve test compounds that 
are not water-soluble and it has minimal or no antimicrobial activity at low concentrations, making it a suitable 
negative control. This ensures that any observed effects in the experiment are due to the test compound itself and not 
the solvent. Chloramphenicol (20 μg/mL) is the positive control because it is a broad-spectrum antibiotic that inhibits 
bacterial protein synthesis by binding to the 50S ribosomal subunit and it is used as a positive control to confirm that 
the bacterial strain is susceptible to antibiotic treatment. This ensures the experimental setup is functional and capable 
of detecting inhibitory effects when present.

Then, the plates were incubated aerobically at 37 °C, overnight. All tests were performed in triplicate.26 The 
antimicrobial screening was determined by measuring the size of clear zone of inhibition across the diameter of 
the well (mm). Zone of inhibition measuring more than 7 mm implies that the organism is susceptible to the tested 
plant extract.27,28 The extracts that showed antimicrobial activity were further tested to determine the minimum 
inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) for each of the tested organisms.

Determination of MIC and MBC
The double-fold micro-dilution method29 was used according to the Clinical and Laboratory Standards Institute. Samples 
of 100 µL of plant extract were prepared starting with the original concentration used in the screening experiment, with 
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various concentrations of two-fold serial dilution of each of the most effective extracts. One milliter of the standard 
inoculum (5 × 105 bacterial cells/mL) of each of isolate was dispersed with a 20 mL nutrient agar medium (NA) plate, 
and after solidification, 50 μL of each concentration were put in the agar well (0.5 cm2 diameter). The plates were 
incubated at 30 °C for 24–48 h, the minimum inhibitory concentration (MIC) was expressed as the lowest concentration 
that inhibits the visible growth of each strain.30 To evaluate the MBC, the concentrations that showed complete inhibition 
of the microbial growth were streaked onto agar plates and incubated under the same conditions as previously mentioned. 
The complete inhibition of microbial growth on the agar surface at the lowest concentrations was defined as the MBC.31

Quantitative Assessment of Anti-Biofilm Formation by the Microtiter Plate Method 
(MTP)
The antibiofilm activity of the crude extract of organum against biofilm produced by S. mutans and B. subtilis, S. aureus, 
K. pneumoniae, P. aeruginosa, E. coli and S. marcescens was assessed according to the method described by Yimgang 
et al32 using a 96-well microtiter plate with some modifications. A single colony from the nutrient agar (NA) medium 
overnight bacterial culture was incubated at 37 °C for 24 h, then 1 mL was transferred to 100 mL poly beta- 
hydroxybutyric acid (BHIB) supplemented with 4% sucrose and 100 µL of single strength nutrient broth were distributed 
in the wells of 96 microtiter plate. Aliquots of 100 µL of each extract (100 mg/mL) were transferred to the first well of 
each row, and then two-fold serial dilutions was carried out up to the tenth columns from which 100 µL aliquots were 
discarded. The last 2 columns (11th and 12th) represent 2 controls for biofilm formation level of untreated bacterial 
isolates. The plate was then incubated at 37 °C for 24 h. After incubation, the content of each well was carefully 
discarded and washed three times with 200 μL of PBS (pH 7.3) to remove the non-adherent bacterial cells, then the plate 
was left to air dry at room temperature. Crystal violet 2% (200 μL) was used to stain the formed bacterial biofilm for 
15 min at room temperature, and the plates were then washed three times with distilled water to remove the excess stain. 
Next, 200 μL of methanol was added to each well for 30 min to resolubilize the adhered biofilm. The optical density 
(OD) of stained biofilm at λmax of 600 nm was measured using the microtiter plate reader (BioTek EPOCH, Highland 
Park, Winooski, VT, USA).31,33

Qualitative Detection of Anti-Biofilm Formation by the Test Tube Method (TM)
Overnight bacterial cultures were prepared using BHIB and then 1 mL transferred to 100 mL BHIB supplemented with 
4% sucrose and 1 mL of these broths were distributed in clean sterilized test tubes. Aliquots of 100 µL of each extract 
(100 mg/mL) were transferred to the first test tube and then two-fold serial dilutions was carried out up to tube number 6 
from which 100 µL aliquots were discarded. The last tube represents control for biofilm formation level of untreated 
bacterial isolates. The tubes were then incubated at 37 °C for 24 h. After incubation, tubes were washed gently three 
times with sterile saline, and then dried at room temperature. Three milliters of crystal violet solution (0.1% w/v) were 
added to each tube, then the tubes were left at room temperature for 15 min, followed by removing of crystal violet 
solution and three times gentle washing with deionized water. Biofilm formation was detected by the appearance of 
visible violet color on the walls and the bottoms of the test tubes.34,35

LC-MS/MS Analysis of the Plant Extract
LC-MS analysis was carried out on a Shimadzu Exion-LC (Shimadzu, Kyoto, Japan) connected to a TurboIon-Spray 
SCIEX-X500R-QTOF (SCIEX, Framingham, MA, USA). Analytical grade solvents were used for dissolving the extract 
and to prepare the mobile phase systems. In addition, the plant extract was dissolved in DMSO in a concentration of 0.5  
mg/mL, 5 min centrifuged (5,000 rpm), passed through a Millipore 0.2 m filter paper, and placed in a vial for 
autosampler. The injection volume was adjusted to 3.0 µL. The analysis was carried out at the capillary voltage of 
−4,000 V, nebulizer gas of 2.0 bar, nitrogen flow of 8 L/min, and dry temperature of 200 °C. The mass sensitivity was 
adjusted at 50,000 FSR, the mass precision was 1 ppm, and the TOF recurrence was adjusted at a rate up to 20 kHz. 
Chromatographic separation with the gradient elution method was applied using an RP-C18 column (2.1 mm I.D., 
100 mm length, and 3 µm particle size) from GL-Science (Japan). The parameters of the separation were adjusted as 
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follows: flow rate of 0.35 mL/min for 30 min of running. Formic acid (0.1%) and pure acetonitrile were used as the 
mobile phases A and B, respectively. The gradient system was composed of 0.1% formic acid in water (A) and 
acetonitrile (B); for the first 4 min, the system was composed of 96% of system (A) and 4% of system (B). The ratio 
of acetonitrile (B) was increased to 6% in 10 min, 7% in 12 min, 8% in 15 min, 13% in 18 min, 15% in 23 min, 20% in 
25 min, and 28% in 27 min, and maintained until 30 min. The annotation processes were based on several analysis 
outcomes, including the molecular weight of the compounds, their fragmentation pattern compared to the literature, the 
suggestions of the machine library, and the reported constituents of O. majorana.

Preparation of Silver Nanoparticles Coated with O. majorana
Silver nitrate 17 mg was added to a 100 mL of extract and left on a hot plate (WiseStir, MSH-30A, Korea) with stirring 
for about 30 min. Further, with the color change to deep red, the solution is set aside to cool and filtered to remove the 
formed AgNP big particles. Finally, the produced AgNPs were centrifuged (HERMLE Z 200 A Centrifuge, Germany) at 
7000 rpm for 10 min and stored in the fridge for further investigations.36,37 The produced AgNPs-MARJ were 
characterized for size and zeta potentials using a Malvern zetasizer nano (Malvern, UK).38,39 Furthermore, the shape 
of the produced AgNPs-MARJ was identified using transmission electron microscope (TEM) (JEM-1230; Joel 
Japan, Tokyo, Japan).23,24,40 Stability of the prepared NPs was checked after storage of AgNPs-MARJ at room 
temperature for one month, followed by measuring their size and charge and comparing them with the initial values.

Coating of Urinary Catheter with AgNPs-MARJ
Two different urinary catheters were used in this study, the first is a latex Foley balloon catheter model, silicone coated, 
and the second type is a silicone Foley balloon catheter model, all silicone.

Coating of Urinary Catheters
Catheters were sliced into small pieces of approximately 2 cm2 length and soaked in the AgNPs-MARJ solution 
containing 15 µg/mL AgNPs with stirring overnight as mentioned previously.24,41 Further, they are washed twice with 
distilled water and dried at ambient conditions of laboratory for 24 h and stored in closed container for further 
investigation.

Antibiofilm Efficacy for Coated Urinary Catheters
A pathogenic bacterial species, P. aeruginosa was investigated in this study. Generally, coated and non-coated (negative 
control) catheters were incubated in the investigated bacterial suspension overnight. Then, bacterial adhesion to the 
surface of the catheters was determined by staining 2 cm2 of the catheter with methyl violet and measuring the intensity 
of the biofilm calorimetrically as previously described.

Statistical Analysis
The data were compiled in MS Office Excel 365. Statistical analysis was done using SPSS version 21 software package 
(SPSS Statistics for Windows, Version 28.0; SPSS Inc., Chicago, IL, USA). ANOVA, and Student ‘t’ tests were 
performed. A p-value less than <0.05 was statistically significant.

Results
Results from the aforementioned studies and experiments are presented in the following sections. The obtained results are 
novel and matching the aims of the study. Briefly, the results begin through the evaluation of the antibacterial activity of 
the obtained plants extracts and their pronounced antibacterial and antibiofilm effect especially with O. majorana. These 
are followed by detailed chemical analysis of the O. majorana extract using LC-MS and green synthesis of AgNPs and 
their characterizations. Finally, coating of urinary catheters with the prepared AgNPs and their antibiofilm activity toward 
one of the most prevalent and harmful bacterial species responsible for urinary tract infections.
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Evaluation of Antimicrobial Activity
Results from the agar well diffusion method showed that only O. majorana leaves' hydro-alcoholic extract had strong 
antibacterial activity against the studied species of bacteria compared to the other investigated extracts as shown in 
Table 1.42

The initial screening test showed that O. majorana extract showed a significant (p<0.05; ANOVA/Tukey) antibacter
ial activity against the studied species of bacteria compared to the other investigated extracts as shown in Table 1.

Susceptibility of Bacterial Strains to O. majorana Extract
In this experiment, the zone of inhibition was measured, and the data are presented in Table 2. The results showed that 
the O. majorana leaf extract was efficiently suppressing the growth of the studied strains. The crude extract recorded the 
highest zone of inhibition against Gram-positive strains (S. aureus) and Gram-negative strains (K. pneumoniae and 
S. marcescens). In the case of B. subtilis, the extracts showed minimal to moderate inhibitory effects, with some extracts 
leading to notable inhibition zones. E. coli exhibited similar patterns, with certain extracts demonstrating higher 
inhibitory activity. P. aeruginosa, S. marcescens, S. aureus, and K. pneumoniae also displayed varying degrees of 
sensitivity to the extracts, highlighting the diversity of antibacterial effects across different bacterial species.43,44

Determination of MIC and MBC
The tested antimicrobial substances were further evaluated for its MIC and MBC using the microdilution assay, as shown 
in Tables 2 and 3. The MIC value was found to be 35.0 mg/mL for the studied organisms with zones of inhibition of 13 
±0.4, 15±0.4 and 20.0±0.4 mm for S. aureus, K. pneumoniae and S. marcescens; respectively using O. majorana extract. 
Zones of bacterial growth inhibition for E. coli and P. aeruginosa was found to be 10.0±0.8 and 10.0±0.5 mm, 

Table 1 Sensitivity of the Investigated Bacterial Species to Different Types of the Investigated Extracts Shown as Inhibition Zone (mm)

Bacteria Species Aloe 
Vera

Basil Chamomile Fennel Liquorice Marjoram Nettle Rosemary Sage 
Leaves

Bacillus subtilis – – – – – 10±1.7 – – –

Escherichia coli – – – – – 10±0.9 – – –

Pseudomonas 
aeruginosa

– – – – – 10±0.8 – – –

Serratia marcescens – – – – – 20±0.4 – – –

Staphylococcus aureus – – – – – 13±1.2 – – –
Klebsiella pneumoniae – – – 7±0.5 8±0.1 15±1.3* – 8 –

Notes: Negative results indicated by (–) included in which no zone of inhibition (mm) appeared around the plant extract wells. The data obtained are expressed as mean 
±standard deviation. *Significantly different (p<0.05; ANOVA/Tukey) than fennel and liquorice extracts.

Table 2 Minimal Inhibitory Concentration (MIC) of O. marjorana Leaves Hydro-Alcoholic 
Extract (mg/mL) Against Tested Organisms

Microorganism Marjoram Extract Concentrations (mg/mL)

35.0 17.5 8.75 4.375 2.18 1.094 0.54 0.273

Bacillus subtilis 10±0.8 – – – – – – –
Escherichia coli 10±0.8 – – – – – –

Pseudomonas aeruginosa 10±0.5 – – – – – – –

Serratia marcescens 20±0.4* 15±0.2 – – – – – –
Staphylococcus aureus 13±0.4 – – – – – – –

Klebsiella pneumoniae 15±0.4

Notes: Negative results indicated by (–) included in which no zone of inhibition (mm) appeared around the plant 
extract wells. The data obtained are expressed as mean±standard deviation. *Significantly different (p<0.05; ANOVA/ 
Tukey) than the other investigated tested organisms.
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respectively as shown in Table 2. MIC is generally regarded as the most basic laboratory measurement of the activity of 
an antimicrobial agent against an organism. MBC values were in the range of 35–17.5 mg/mL for O. majorana extract as 
depicted in Table 3. Results of MIC and MBC measurements showed strong antibacterial activity of O. majorana extracts 
against the tested Gram-positive and Gram-negative bacteria, with largest inhibition zones and the lowest MIC values 
(35.0 and 17.5 mg/mL) against both B. subtilis and S. aureus, a Gram-positive bacterium, and S. marcescens, 
P. aeruginosa and K. pneumoniae, a Gram-negative bacterium with largest inhibition zones and the lowest MIC values 
(35.0 mg/mL), and mild antibacterial activity was detected against both of E. coli, Gram-negative bacteria, with MIC 
value of (35.0 mg/mL). Least activity was exhibited against the rest of tested microorganisms, with the smallest 
inhibition zones and MIC value of (35.0 mg/mL). In agreement with our results, Ramos et al, reported that the 
methanolic extract of O. majorana was active against S. aureus, E. faecalis, and E. coli.45 In contrast to our results, 
a study reported that O. majorana showed a strong growth inhibition effect against E. coli, S. enteritidis, S. aureus, and 
B. cereus.46

Effect of O. majorana Extract on Biofilm Formation
The effect of O. majorana extract on the biofilm formation of bacterial isolates was qualitatively and quantitatively 
tested. The presence of violet visible film lining the walls and bottoms of the Wassermann tubes indicates biofilm 
production (Figure 1). The quantification of anti-biofilm activity was performed using a microtiter plate assay. The data 
were expressed in terms of the average OD values at 600 nm. In this experiment, bacterial biofilms were exposed to 
multiple concentrations (35, 17.5, 8.75, 4.375, 2.18, 1.095 mg/mL) of the O. majorana extract for 48 h. O. majorana 
extract showed the highest anti-biofilm activity at a concentration of 100 mg/mL (Figure 2). The results of the tube 
method (TM) revealed that the extract has high anti-biofilm activity at different concentrations.

Phytochemical Profiling of O. marjorana Extract
The LC-MS-based constituent profiling of O. marjorana was conducted to identify the plant constituents from the 
cultivated species of the plant in Egypt and to understand the possible interactions and mechanisms underlying the 

Table 3 Minimum Bacteria Concentration (MBC) of O. marjorana Leaves 
Hydro-Alcoholic Extract (mg/mL) Against Tested Organisms by the Agar 
Well Diffusion Method

Microorganism Marjoram Extract Concentration (mg/mL)

35 17.5

Staphylococcus aureus +

Bacillus subtilis +
Escherichia coli +
Serratia marcescens +
Pseudomonas aeruginosa +

Figure 1 The 96-well microtiter plate assay depicted the O. marjorana hydro-alcoholic extract on the biofilm formation of K. pneumoniae and P. aeruginosa.
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antimicrobial activity of the plant. The LC-MS analysis of the plant extract leads to the tentative identification of 31 
compounds among tens of the peaks demonstrated in the LC chromatogram. The tentative nomination of the compounds 
has been carried out using the mass fragmentation patterns and the library identification based on the high-resolution 
mass of these compounds. All the identified compounds were of a polyphenolic nature, either phenolic acids or 
flavonoids. Among the compounds listed in Table 4 sixteen compounds were identified as phenolic acids, and fifteen 
compounds were found to be flavonoids in nature. In addition, most of the identified flavonoids were in glycosidal forms, 
and part of their identification was attributed to the presence of their aglycon mass fragments in the MS/MS 

Figure 2 Antibiofilm efficacy of O. marjorana hydro-alcoholic extract on certain bacteria strains. The optical density (OD) of stained biofilm at λmax of 600 nm was measured 
using the microtiter plate reader.

Table 4 LC-MS Analysis of O. marjorana Hydro-Alcoholic Extract

No Rt Name m/z 
[M–H]–/ [M]–

MS/MS, m/z Ref

1 2.16 Dihydroxy ferulic acid 146.9820

2 2.20 Caffeic acid 179.0029 167, 135, 122 [47]

3 2.48 Quinic acid 191.0819 173, 110, 99 [48]
4 2.54 Caffeic acid 3-sulfate 259.0491

5 2.54 Ferulic acid 193.0621 136, 105, 87 [49]

6 2.69 Caffeoylshikimic acids 335.0867 161, 135, 99 [50]
7 4.55 Dihydro coniferyl alcohol 181.0970 165, 121,96

8 6.63 Arbutin 271.1181 109, 108 [51]

9 8.90 Naringenin-7-O-glucoside 433.1904 271 [52]
10 10.03 Caffeoyl-arbutin 433.1900 323, 161, 113, 85 [51]

11 10.26 Apiin 563.1751 269, 268

12 10.37 Chicoric acid (dicaffeoyltartaric acid) 473.1905 311, 177 [53]
13 10.64 Neochlorogenic acid 353.1439 191, 192 [54]

14 11.58 Vicenin-2 (apigenin-6,8-di-C-hexoside) 593.1332 474 [55]

15 11.66 Baicalin 445.2283 269 [56]
16 11.66 Chlorogenic acid 353.1336 191, 193 [57]

17 11.81 Apigenin-O-glucuronide 445.1350 270, 269 [55]

18 12.08 Isoorientin 447.1498 285, 327, 357 [58]

(Continued)
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chromatogram. For instance, the presence of mass fragment m/z 269 in the chromatogram of apiin (RT 10.26, m/z 563 
[M–H]–) was assigned to the aglycon apigenin after detaching the apiosyl-glucoside mass unit. In a similar way, 
apigenin-O-glucuronide, luteolin-O-glycoside, kaempferol-O-sambubioside, kaempferitrin, kaempferol-O-glucuronide, 
rutin, and luteolin-O-rutinoside were identified based on the presence of the mass fragments of apigenin (m/z 270), 
luteolin (m/z 285), kaempferol (m/z 284), and quercetin (m/z 301) in their MS/MS chromatogram. The overall 
phytochemical analysis of the plant indicated its enrichment with polyphenolic compounds, especially the phenolic 
acids and flavonoid glycosides.

The AgNPs-MARJ were formed with a faint brown color (Figure 3A). The size and PDI of the prepared AgNPs- 
MARJ was recorded using DLS as 111.5±12.6 and 0.43±0.02, respectively. In addition, they have a zeta potential value 
of −19.66±3.22 (Figure 3B). TEM image showed a round to oval nanoparticles with a size ranging from 50–150 nm 
(Figure 3C). Upon storage of AgNPs-MARJ at room temperature, it was found that there is no significant difference was 
found between the measured initial size and charge and that obtained after one-month storage at room temperature.

Two types of catheters have been investigated in this study. Type I (Figure 3D), surface coated, silicone coated latex 
Foley catheter, and type II (Figure 3E), fully coated silicone Foley catheter. The two types of catheters were subjected to 
coating with AgNPs-MARJ (Figure 3F). The catheters showed formation of an AgNPs-MARJ layer on the surfaces of 
type I (Figure 3G) and type II (Figure 3H).

The effect of AgNPs-MARJ coating and resistance to biofilm formation into the investigated unrainy catheters was 
tested using the tube assay method. It was clear that the silicone coated Foley catheter showed a lower percentage of 
bacterial biofilm formation compared to the latex type Foley catheter. AgNPs-MARJ coated catheters showed 36.6±2.5 
and 43.6±3.5% biofilm formation for latex Foley catheter and silicone coated Foley catheter, respectively as shown in 
(Figure 4). Both the investigated catheters showed a significant (p<0.05) decrease in biofilm formation compared to 
control non-coated catheters. Furthermore, the investigated catheters did not show any significant difference (p>0.05) in 
percentage of P. aeruginosa biofilm formation (Figure 4).

Discussion
Plant materials contain numerous valuable components which show different medical and chemical activities. Herein in 
this study, different plant materials were extracted using the maceration technique. Such a method is simple and the 
cheapest method for extraction. In addition, it is widely used for extraction of leaves derived plant components, but it 
takes a relatively long time.60

Table 4 (Continued). 

No Rt Name m/z 
[M–H]–/ [M]–

MS/MS, m/z Ref

19 12.08 Luteolin-O-glycoside 447.1498 285 [55]
20 12.15 Gallocatechin isomer 305.1085 225, 155, 98 [55]

21 12.15 Rosmarinic acid 359.1236 161, 179, 179 [48]

22 12.46 Kaempferol-O-sambubioside 579.2092 284 [55]
23 12.61 Kaempferitrin 577.2239 283 [59]

24 12.61 Vitexin 431.1537 341, 311 [55]

25 12.64 3-O-Methyl-catechin 303.1303 96 [55]
26 12.76 Kaempferol-O-glucuronide 461.1300 286, 285, 151 [55]

27 13.40 Coumaric acid 163.0632 147, 119 [55]

28 13.51 Rutin 609.2020 301, 285 [55]
29 13.74 Salvianolic acid B 717.2329 519, 340, 321, 279 [55]

30 13.78 Salvianolic acid I 537.1707 494, 321, 295, 179, 135 [55]

31 14.08 Luteolin-O-rutinoside 593.2050 285 [55]
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O. majorana extract has been widely studied for its strong antibacterial properties, often showing significant activity 
compared to other investigated herbal extracts. O. majorana extract contains various bioactive compounds, including 
monoterpenes, phenolic acids, and flavonoids, which contribute to its pronounced antibacterial activity. Studies have 
shown that O. majorana extract is effective against a range of bacteria, including both Gram-positive and Gram-negative 
strains. It has been investigated that the hydro-alcoholic extract of O. majorana stem exhibited strong antibacterial 
activity against food spoilage bacteria such as B. cereus.61 The antibacterial activity of O. majorana extract is attributed 
to its ability to disrupt bacterial cell membranes, inhibit enzyme activity, and interfere with bacterial DNA synthesis.61,62 

Due to its strong antibacterial properties, O. majorana extract is used as a natural preservative in food products to prevent 
spoilage and extend their shelf life. Its effectiveness against biofilms and resistant pathogenic bacteria makes it also 
valuable component in medical and dental treatments.61,63,64

LC-MS analysis revealed the presence of several phenolic acids and flavonoids, along with their corresponding 
glycosides, which contributed to the plant antimicrobial and antibiofilm activities. In addition, the presence of the listed 
compounds in Table 4 might be also reflected the potential antioxidant health benefits of the plant and its extract. 
Compounds like flavonoids, tannins, and essential oils from plants exhibit anti-biofilm properties by interfering with 
quorum sensing, disrupting the extracellular polymeric substance (EPS), and inhibiting bacterial adhesion to surface like 
catheter walls. In addition, the presence of these compounds, which are known for their metal-reducing ability,48,65 in the 
plant extract might be underlying one of their potential mechanisms to inhibit microbial growth by inhibiting the metal- 
based microbial enzymes, the mechanism which is known for several antimicrobial agents such as lactoferrin.66 The 

Figure 3 The role of silver nanoparticles in catheter coatings; (A) AgNPs-MARJ prepared and reduced using O. marjorana; (B) Characterization of AgNPs-MARJ by size, PDI, 
and Zeta potential of the prepared AgNPs-MARJ; (C) Characterization through TEM image of the prepared AgNPs-MARJ; (D) Non-coated latex Foley catheter; (E) Non- 
coated silicone Foley catheter; (F) freshly prepared catheter coated with AgNPs-MARJ; (G) Coating catheters with AgNPs-MARJ; silicone latex Foley catheters coated with 
AgNPs-MARJ and (H) silicone Foley catheter coated with AgNPs-MARJ.
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flavonoids have been also reported to inhibit the topoisomerase enzymes including DNA gyrase, the responsible enzymes 
for the DNA replication in the prokaryotes, which might also highlight the plant antimicrobial activity owing to its 
flavonoid contents.58 Polyphenols have been also reported to inhibit the microbial growth via preventing the microbial 
cell envelope synthesis by the inhibition of bacterial-type II fatty acid synthase.67

In that context, quinic acid (RT 2.48), has been reported for its antibiofilm activity against P. aeruginosa biofilms and 
enhances the antibiofilm activity of some antibiotics such as ciprofloxacin.68 The antimicrobial effect of quinic acid is 
related to the compound ability to modulate ribosome functions and aminoacyl-tRNA synthesis, alters glyceropho
spholipid and fatty acid levels, and messes with the oxidative phosphorylation pathway. This may help to explain why 
quinic acid interferes with membrane fluidity.69 Similarly, ferulic acid, dihydroxy ferulic acid, coumaric acid, arbutin, and 
chlorogenic acid have exerted inhibition to different microbial biofilms.70

The LC-MS analysis also revealed the presence of several antimicrobial and antibiofilm flavonoid-based constituents 
in O. marjorana hydro-alcoholic extract (Table 4). These flavonoids includes apigenin derivatives such as apiin, vicenin- 
2, and apigenin-O-glucuronide, which according to literature induced substantial antimicrobial and antibiofilm activities, 
specifically against S. aureus and E. coli microbial pathogens.71 Moreover, apigenin have been reported to affect the 
adherence and biofilm formation through changing the surface characteristics of S. aureus mutants pathogen.72 In 
addition to the presence of a mixture of luteolin, kaempferol, and quercetin derivatives, which usually detected in the 
several anti-inactive and anti-biofilm plants.73–75 The overall LC-MS profiling results supported the present anti- 
microbial and antibiofilm findings of O. marjorana extract and its beneficial effect on synthesis of AgNPs and further 
coating of urinary catheters to fight bacterial colonization.

In the case of AgNPs-MARJ, O. marjorana was adsorbed onto the surface of AgNPs via the carbonyl groups of the 
contained compounds. The obtained negative charge of the prepared AgNPs-MARJ proved the effective O. marjorana 
coating layer around the produced AgNPs. Hence, better particle stability and this could eventually provide good 
adherence to catheter wall. In general, the measured particle size by TEM was smaller than that obtained by DLS, as 
TEM only showed the particle’s metal core. At the same time, DLS assesses the hydrodynamic particle size.24 

Furthermore, the Marjoram coating effect on the surface of NPs reduced particle diffusivity and increased particle size 
as assessed by DLS.76

Figure 4 The effect of AgNPs-MARJ on the percentage biofilm formation after coating urinary catheters compared to non-coated catheters. The tube method (TM) assay 
was used for antibiofilm activity. *Significantly different (p<0.05; ANOVA/Tukey) than non-coated latex Foley catheter; **Significantly different (p<0.05; ANOVA/Tukey) than 
non-coated silicone Foley catheter.
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One of the most prevalent causes of urinary tract infections is the use of the urinary catheters especially those used for 
the long term. The catheter-associated urinary tract infections can range from few bacterial growths to high microbial 
colonization during patient hospitalization. In addition, growth of highly resistant bacterial species like E. coli, 
K. pneumoniae and P. aeruginosa can form resistant biofilm.77,78 The significance of catheter-associated urinary tract 
infections is presented in the future patient’s outcome. From these outcomes is an overuse of antibiotics, long 
hospitalization time, higher healthcare expenditures, and the overuse of antibiotics, as well as higher mortality 
rates.79–81 In this study, K. pneumoniae was chosen as it often contributes significantly to catheter-associated urinary 
tract infections through cross-transmission.82 It was also found in many studies that K. pneumoniae is second most 
prevalent pathogen following E. coli among Enterobacteriaceae in urinary tract infections.82,83 Colonization of 
K. pneumoniae produces high levels of extended-spectrum β-lactamase (ESBL), which causes resistance to most 
antibiotics. Furthermore, highly resistant species of K. pneumoniae showed a significant resistance to carbapenems.84 

P. aeruginosa was also chosen as another important Gram-negative anaerobic bacteria which contributes to nosocomial 
urinary tract infections and is reported to be a significant biofilm producer.78

Coating of urinary catheters with antimicrobial agents derived from biological sources could be beneficial compared 
with conventional chemical compounds like antibiotics. Hence, they are considered safer, and they have also different 
components with many biological activities which could act synergistically to retard bacterial colonization and biofilm 
formation. It was reported by Mohanta et al that AgNPs synthesized from plant extracts exhibited significantly greater 
antibacterial activity that that prepared from other sources like bacteria, fungi, algae, etc. The authors also pointed out 
that the plant derived AgNPs could be more superior than the chemically synthesized one in terms of self-coating and 
stabilization as well as exhibiting their own antibacterial activity.85 Goda et al have demonstrated the effect of AgNPs 
prepared using Pomegranate rind extract on the retardation of biofilm colonization in urinary catheters. AgNPs coated 
catheters significantly inhibited the colonization of catheters by certain antibiotic-resistant clinical Gram-positive and 
Gram-negative bacterial strains. However, the coating solution contains chloroform which is an organic solvent, and its 
residue remaining after coating is still an issue.86 Lethongkam et al, similarly, studied the effect of AgNPs produced from 
Eucalyptus camaldulensis leaves on the prevention of biofilm formation in urinary catheters. Even though they have 
obtained promising results, they utilized a complex method that depends on coating and reduction of silver nitrate 
solution as well as the long time of the used process which persist for 5 days.87 Divya et al have shown the promising 
effect of AgNPs for bacterial growth and biofilm retardation in urinary catheters. The results exhibit that the coating of 
synthesized AgNPs on catheters effectively inhibited the growth and biofilm formation of urinary tract infection causing 
pathogens. However, the processes of bacterial isolation, screening, and identification is harsh, expensive, and time 
consuming.88 Our last investigation in this field has demonstrated the effect of AgNPs stabilized with certain polymeric 
materials to retard biofilm formation. Data obtained in this study delineated the useful use of AgNPs coated with ethyl 
cellulose and PVP as potential antibacterial and anti-biofilm catheter coating agents to prevent the development of 
urinary tract infections caused by E. coli. However, in this study, AgNPs were prepared via chemical method, reduction 
of silver nitrate, and focused on E. coli bacterial strains.24

Fully coated silicone catheter showed a lower percentage of biofilm formation compared to silicone coated latex 
Foley catheter that could be possibly due to the inner and outer coating of catheter with silicone which potentially 
decreases the adhesion of bacteria into the inner wall of catheter.

The anti-biofilm activity observed after coating the urinary catheters could be attributed to the dual effect of 
both AgNPs as well as the O. marjorana extract components which acts synergistically to retard biofilm formation. 
As depicted from LC-MS, O. marjorana extract contained valuable antibacterial and anti-biofilm compounds like 
quinic acid and flavonoids such as apigenin which all contribute to the anti-biofilm activity and good adherence to 
catheter wall. It has been found that AgNPs are considered one most excellent tool for avoiding catheter-associated 
microbial infections due to their pronounced antibacterial activities.89 AgNPs released silver ions which can target 
certain cell component like proteins and unsaturated fatty acids, thus followed by inactivation of certain enzymes 
and proteins associated with the bacterial cell wall.90,91 After that, the bacterial membrane becomes permeable with 
enhanced fluidity character followed by overall disruption of cell wall and altering membrane integrity.92 This is 
followed by easy internalization of AgNPs, they could interact with bacterial DNA causing disturbance and 
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accumulation into the cytoplasm of damaged bacteria, leading to leakage of cellular components and bacterial 
death.93 It has been also stated that the inhibition of biofilm formation by AgNPs could be possibly attributed to the 
inhibitory effect on what is called exopolysaccharides, a prerequisite for biofilm formation.94 Park et al95 showed 
that the biosorption could be responsible for the inhibition of biofilm formation against P. aeruginosa induced by 
AgNPs. Similar results were also found by Mohanta et al,96 who demonstrated that AgNPs prepared using different 
phytoconstituents present in some Indian plants have a significant inhibitory effect on biofilm formed from either 
P. aeruginosa or E. coli at low concentrations. The authors also delineated that the complex biofilm signaling 
mechanism could also be associated with cell survival. It cannot be also neglected the role of O. marjorana as it has 
a pronounced antibacterial and anti-biofilm activities as shown in our study and previously reported.97 So, the 
combined synergistic effect could be responsible also for the observed anti-biofilm activity. Similarly, Mohanta 
et al,96 who demonstrated the antibacterial properties and antibiofilm activity of AgNPs prepared using leaf extracts 
of Semecarpus anacardium, Glochidion lanceolarium, and Bridelia retusa. From our perspective, the obtained 
findings correlate with the results and research objectives. In addition, they are relevant to the study objectives. 
Beginning from the plant extraction, screening for antibacterial action and biofilm study, green synthesis of AgNPs- 
MARJ and characterization, coating of urinary catheters, and finally their anti-biofilm activity after catheter coating. 
The significant reduction in the biofilm formation with the investigated two types of urinary catheters produced 
with P. aeruginosa which contribute significantly to catheter-associated urinary tract infections is considered a good 
and promising target of our study. In addition, a one-step coating process, based on a simple, straightforward 
technique and economic, saving time and effort, can give promising results on biofilm retardation. However, further 
study should be conducted to minimize and determine the optimum coating layer for more reduction in biofilm 
formation and with other bacterial strains.

Conclusion
O. marjorana hydro-alcoholic extract was efficiently prepared and revealed that it contains a more valuable compounds 
which contributed to its antibacterial and anti-biofilm activities as obtained from LC-MS analysis compared to the other 
investigated extracts. Antibacterial AgNPs from plant sources offer a natural alternative to synthetic antimicrobials. The 
included compounds in the extract showed a promising role as an efficient reducing and coating agents to prepare 
stabilized AgNPs-MARJ with reasonable size and charge. Coating of urinary catheters was performed simply and straight 
forward with the prepared AgNPs-MARJ. Such coating offers a significant reduction in biofilm formation caused by 
P. aeruginosa which contribute significantly to catheter-associated urinary tract infections. The synergistic effect of both 
AgNPs and O. marjorana extract formed around the NPs contributed to the antibiofilm activity against the tested 
bacteria. It could be concluded that AgNPs-MARJ is a promising tool for urinary catheter coating to control the related 
unrainy tract nosocomial infections. Hence, they could improve urinary tract interventions, patient outcomes, and 
catheter-related infections by combining nanotechnology and plant-based resources to overcome standard antibacterial 
approaches.

Technology Challenges Issues
Despite the synthesis of efficient stabilized AgNPs-MARJ for urinary catheter coatings, however, there are certain 
technological challenges which should be considered. Some of these challenges relay on the optimization of coating 
process factors which contribute to formation of efficient coating layer on the catheter wall on both sides. As well as 
technology transfer from small scale to large scale production. In addition to, utilizing an in vivo model to study the 
effect of AgNPs-MARJ under a urine flowing condition.

Future Prospects
Nanoparticles and natural extracts can disclose novel antibacterial agents and promote novel formulations. Future 
perspectives include widening the angle to study the effect of these nanomaterials in different medical disorders like 
wounds as well as extending the market and potential impact.
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