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Abstract: Biofilm-related infections play a significant role in the development and persistence of 
ventilator-associated pneumonia. Pseudomonas aeruginosa frequently causes biofilm-related 
infections associated with ventilator tubing. Glucosamine gold nanoparticles (AuNPs) may exhibit 
antibiofilm properties; however, more studies, including combinatorial therapy with antibiotics, are 
needed to explore their potential applications in clinical settings. This study aimed to investigate 
the biofilm inhibition properties of glucosamine AuNPs in combination with meropenem against 
Pseudomonas aeruginosa ATCC 9027 on the endotracheal tube. A biofilm inhibition assay of 
glucosamine AuNPs at 0.02 mg/ml, both singly and in combination with meropenem at 1 mg/ml, 
was carried out against Pseudomonas aeruginosa ATCC 9027 on an endotracheal tube using the tissue 
culture plate method. Scanning electron microscopy was performed for visualization. Glucosamine 
AuNPs at 0.02 mg/ml combined with meropenem at 1 mg/ml showed greater biofilm inhibition 
(72%) than glucosamine nanoparticles at 0.02 mg/ml alone (26%) on the endotracheal tube (p=0.001). 
The scanning electron microscopic visualization revealed that the untreated Pseudomonas aeruginosa 
biofilm was denser than the glucosamine nanoparticles-treated biofilm either combined with 
meropenem or glucosamine nanoparticles alone. The combination of glucosamine AuNPs and 
meropenem may have the synergistic effect to inhibit biofilm production of Pseudomonas aeruginosa 
on the endotracheal tube in patient with mechanical ventilation. Conducting additional experiments 
to explore the impact of combining glucosamine-coated gold nanoparticles (AuNPs) with 
meropenem on the inhibition of biofilm production by clinical Pseudomonas aeruginosa isolates 
would be beneficial.  
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1. Introduction 

Biofilm infections involving Pseudomonas aeruginosa present a complex and persistent problem 
in clinical settings [1]. As an opportunistic pathogen, Pseudomonas aeruginosa is known for its 
remarkable ability to form robust biofilms, which are structured communities of bacteria encased in 
a self-produced extracellular matrix [2,3]. This matrix provides essential structural support and 
protection, enabling the bacteria to adhere to surfaces, evade host immune responses, and exhibit 
resistance to conventional antimicrobial therapies [3,4].  

The challenges posed by Pseudomonas aeruginosa biofilm infections are multifaceted. One key 
challenge is the inherent antibiotic resistance displayed by bacteria within biofilms. This resistance is 
attributed to limited drug penetration into the biofilm matrix and the altered physiological states of 
bacteria residing within the biofilm [5]. Consequently, conventional antibiotic treatments often prove 
ineffective against biofilm-associated infections[1].  

A notable aspect of Pseudomonas aeruginosa biofilm infections is their association with medical 
devices, such as catheters, implant, and ventilator tubes [6–9]. These devices provide ideal surfaces 
for biofilm formation, leading to impaired device function and an elevated risk of systemic infections 
[10]. Biofilm formation on ventilator tubes poses a serious risk in healthcare settings, leading to 
ventilator associated pneumonia, increased patient morbidity, and healthcare costs [9]. Research 
efforts are dedicated to unraveling the molecular mechanisms underlying Pseudomonas aeruginosa 
biofilm formation and investigating potential targets for therapeutic intervention [11,12]. 
Understanding the role of quorum sensing, extracellular polymeric substances (EPS) production, and 
other virulence factors is paramount in devising effective strategies to disrupt biofilm development 
[12].  

Nanoparticles have emerged as promising tools in the battle against biofilm formation due to 
their unique physicochemical properties and versatile applications. These nanoscale materials exhibit 
a range of effects that interfere with various stages of biofilm development, offering innovative 
strategies to combat this persistent problem, and improve the efficacy of antimicrobial approaches. 
The effects of nano materials on preventing biofilm formation includes physical disruption, surface 
modification, release of antimicrobials, disruption of quorum sensing, electrostatic interactions, 
mechanical stress, photothermal effects, and enzymatic degradation [13,14]. 

Gold nanoparticles (AuNPs) have garnered considerable scientific and technological interest in 
the past few decades [14,15]. In comparison with other nanoparticles, AuNPs are recognized for their 
exceptional stability and have been synthesized in diverse shapes and structures. Additionally, they 
exhibit adjustable and distinctive optical properties [14,16,17]. Currently, AuNPs has been 
engineered for diverse applications in the medical and pharmaceutical domains. These applications 
encompass antibacterial and antibiofilm properties, among others [17]. 

Glucosamine is a naturally occurring amino sugar that serves as a building block for various 
molecules within the body, including glycosaminoglycans (GAGs) and proteoglycans. In recent 
years, glucosamine nanoparticles have gained attention for their potential applications in various 
fields, including medicine and material science [12–14]. In the context of preventing biofilm 
formation, glucosamine nanoparticles have been investigated for their ability to inhibit initial 
bacterial adhesion. The functional groups on the surface of glucosamine can interact with bacterial 
cell surfaces, disrupting their attachment and colonization on surfaces. Additionally, glucosamine 
nanoparticles might interfere with quorum sensing systems that play a role in biofilm formation by 
inhibiting bacterial communication [4,15].  

Previous studies have reported the synergistic antibiofilm effect of colistin+meropenem against 
Myroides odoratimimus. However, combination involving meropenem, such as 
meropenem+ampicillin/sulbactam and meropenem+gentamicin did not exhibit antibiofilm activity 
against Acinetobacter baumannii [18,19]. Leon-Buitimea A, et al., described potential combination 
therapy between antibiotics and other antimicrobial agents including nanoparticles to combat 
antibiotic-resistant bacteria [20]. The combination of antibiotics and AuNPs, particularly those 
functionalized with glucosamine has the potentially to exhibit synergistic antibiofilm effects. This 
approach involves leveraging the advantages of both antibiotics and AuNPs to enhance antibiofilm 
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activity and overcome limitations associated with conventional antibiotic therapies. We aimed to 
investigate the effect of glucosamine nanoparticles, both alone and combination with meropenem, to 
prevent biofilm formation of Pseudomonas aeruginosa ATCC 9027 on the endotracheal tube, serving as 
a model of ventilator associated pneumonia. Ex-vivo assessment of glucosamine nanoparticles 
against Pseudomonas aeruginosa biofilm was conducted using the tissue culture plate method and 
scanning electron microscope. 

2. Materials and Methods 

2.1. Endotracheal tube Pieces Preparation 

The package of endotracheal tube (Life Resources) was opened under the biological safety 
cabinet. The endotracheal tube was cut with a sterile scalpel of around 0.5 cm per piece. A piece of 
sterile endotracheal tube was placed into an individual well of tissue culture plate for further 
experiment [14].  

2.2. Bacterial Isolate  

Pseudomonas aeruginosa ATCC 9027 was used in this study. The isolates from fresh agar plates 
were inoculated in 5 mL of trypticase soy broth and were kept for incubation at 37oC for 24 hours. 
The 108 CFU/mL of inoculum was used for biofilm formation assay on the endotracheal tube. 

2.3. AuNPs Preparation 

The preparation of AuNPs with average sizes of 10 nm was conducted as previously described 
with slight modification [21,22]. Briefly, 1 mL of 0.1% m/v HAuCl4.3H2O and 49 mL water were added 
to 4 mL of 0.02%, 0.04%, and 0.06% (m/v) Na3-citrate solution with continuous stirring at 60oC and 
800 rpm for 45 minutes. Subsequently, the mixture was cooled to room temperature before the 
addition of glucosamine phosphate.     

2.4. Conjugation of Glucosamine Phosphate and AuNPs (GlcN-AuNPs) 

The different concentrations of GlcN-AuNPs were generated as previously described [22]. 
Appropriate amounts of glucosamine phosphate (Sigma-Aldrich, USA) were added into a cylindrical 
flask with a flat bottom containing 5 mL of AuNPs at a designated flow rate (0.150 mL/min). The 
mixture was stirred at 800 rpm in room temperature. The final concentration of GlcN-AuNPs were 
0.008%, 0.012%, 0.016%, 0.020%, and 0.024%. Ultraviolet-visible spectrophotometry (ThermoScientific 
Genesys 150) and Transmission Electron Microscopy (TEM) (JOEL JEM-1400) of GlcN-AuNPs were 
performed prior to usage for characterization and quality assurance purposes. The TEM images were 
obtained at the TEM service unit in the Department of Chemistry, Faculty of Mathematics and 
Natural Sciences, Gadjah Mada University, Yogyakarta, Indonesia. 

2.5. Ex-Vivo Assessment of GlcN-AuNPs against Pseudomonas aeruginosa ATCC 9027 Biofilms 

Tissue culture plate method was carried out to investigate the biofilm formation of Pseudomonas 

aeruginosa ATCC 9027 on the endotracheal tube [23]. A piece of ETT was placed in a well of individual 
wells of 24 well-flat bottom polystyrene (Biologix Europe GmbH). Individual wells of 24 well-flat 
bottom polystyrene (Biologix Europe GmbH) were filled with 200 μL of 108 CFU/ml Pseudomonas 

aeruginosa ATCC 9027 inoculums into 200 μL trypticase soy broth-glucose medium. The uninoculated 
medium, serving as the negative control, was added to each well to ensure that the medium was 
sterile. After the plates were incubated for eight hours at 37 °C, the broth medium was carefully 
pipetted out of the wells. Plates were washed twice with 200 μL of phosphate buffer saline (pH 7.2). 
The ETT was moved to a new individual wells of 24 well-flat bottom polystyrene. The individual 
wells were filled with 200 μL of trypticase soy broth (without glucose) for further experiments 
described in Table 1. 
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Table 1. The experiment of ex-vivo assessment of GlcN-AuNPs against Pseudomonas aeruginosa 
biofilm. 

Group Treatment 

1 Pseudomonas aeruginosa ATCC 9027 (untreated)  

2 Pseudomonas aeruginosa ATCC 9027 + GlcN-AuNPs 0.02 mg/ml 

3 Pseudomonas aeruginosa ATCC 9027 + GlcN-AuNPs 0.02 mg/ml + 

meropenem 1 mg/ml 

Plates then were incubated at 37oC for 24 hours. After 24 hours incubation, plates were washed 
twice with 200 μL of phosphate buffer saline (pH 7.2) and incubated at 37oC for an hour. The plates 
were stained with 200 μL of 0.1% crystal violet for 10 min. Excess stain was removed by washing 
twice with deionized water and the plates were kept for drying. 200 μL of 33% glacial acetic acid was 
added to the wells. Optical density (OD) of the isolates were determined using micro-ELISA auto 
reader (BIORAD) at a wavelength of 570 nm. The experiment was performed quadruplets per group. 
The analysis of optical density data for identifying biofilm formation referred to Table 2. 
Additionally, the percentage of biofilm inhibition was determined using the following formula [19]: 

%inhibition = 100 – (OD570 sample/OD570 untreated group x 100) 

Table 2. Interpretation of optical density data for detection of biofilm formation [24]. 

Average OD value Interpretation 
OD < ODc No biofilm formation 
ODc < OD < 2x ODc Weak biofilm formation 
2xODc < OD < 4xODc Moderate biofilm formation 

4xODc < OD Strong biofilm formation 
Notes: All OD values were measured at 570 nm; ODc=average OD of negative control +3x standard deviation of 
the negative controls; ODc=optical density cutoff value. 

2.6. Scanning Electron Microscope 

Scanning electron microscope preparation was conducted following the previous described 
method [25]. Initially, the suspensions containing a piece of ETT in each well of the tissue culture 
microplate were discarded. Subsequently, each ETT piece underwent two gentle rinses with 1% 
sterile phosphate-buffered saline (Merck, USA) and was fixed with 2.5% glutaraldehyde for 2 hours. 
The fixed ETT pieces were then washed again with PBS and dehydrated through a series of graded 
ethanol solutions. Finally, the ETT pieces were removed from the wells, dried overnight, and gold-
coated before imaging. The examination was performed using a scanning electron microscope 
(Hitachi TM 3000, Japan) at the Laboratory of Bioscience, Brawijaya University, Malang, Indonesia. 

3. Results 

3.1. Characterization of GlcN-AuNPs 

Figure 1 displays the ultraviolet-visible spectra of both AuNPs and GlcN-AuNPs, revealing a 
distinctive absorption band in the range of approximately 500-550 nm. The AuNPs (0%) showed an 
absorption band at 525 nm, this presence signifies the formation of AuNPs. The functionalized of 
GlcN-AuNPs in difference concentrations including 0.008%, 0.012%, 0.016%, 0.020%, and 0.024% 
(m/v) resulted the similar absorption bands at 525 nm, reflecting the similar size, shape, and surface 
of the nanoparticles. In addition, the morphology and particle size of AuNPs and GlcN-AuNPs were 
characterized by TEM. Both AuNPs and GlcN-AuNPs were found to have a spherical shape and 
exhibited an average size of less than 100 nm (Figure 2).  
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Figure 1. Visible absorption spectra for AuNPs without glucosamine (0%) and functionalized of GlcN-
AuNPs in difference concentrations (0.008%, 0.012%, 0.016%. 0.020%, and 0.024% m/v). 

 
Figure 2. Transmission electron micrographs of (A) AuNPs and (B) GlcN-AuNPs showing the size 
distribution and shape. 

3.2. Biofilm Formation of Pseudomonas aeruginosa ATCC 9027 on an Endotracheal Tube 

The detection of biofilm formation by Pseudomonas aeruginosa ATCC 9027 on endotracheal 
tube pieces using tissue culture plate method shows different intensities among treatment groups 
(Figure 3). In concordance with the interpretation of optical density results presented in Table 3, the 
untreated group (first row) showing high intensity indicates strong biofilm production. After 
exposure to GlcN-AuNPs alone and in combination with meropenem (second and third row), the 
intensity of biofilm formation by Pseudomonas aeruginosa ATCC 9027 was lower, exhibiting 
moderate biofilm production.    
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Figure 3. Detection of biofilm formation by Pseudomonas aeruginosa ATCC 9027 on  endotracheal 
tube pieces using the tissue culture plate method (four replications per group). 

In addition, endotracheal tube pieces exposed to untreated Pseudomonas aeruginosa ATCC 
9027 demonstrated biofilm production, with the biofilm manifesting as confluent sheets of cells 
within a dense extracellular matrix observed by scanning electron microscope (Figure 4A). In 
contrast, the negative control tube containing Tripticase Soy Broth media showed no evidence of 
biofilm formation upon scanning electron microscopy examination (Figure 4D). Figure 4B displays 
the distribution of intact planktonic cells not covered by an extracellular matrix, indicating the 
inhibition of biofilm formation of Pseudomonas aeruginosa ATCC 9027 after exposure to GlcN-
AuNPs 0.02 mg/ml alone. The combination of GlcN-AuNPs 0.02 mg/ml and meropenem 1 mg/ml 
applied to the ETT pieces resulted in a simultaneous effect. The SEM image shows damage to 
planktonic cells, and the extracellular matrix sheet is absent (Figure 4C).           

 

Figure 4. Biofilm formation of Pseudomonas aeruginosa ATCC 9027 on an endotracheal tube 
observed by scanning electron microscope. A=untreated Pseudomonas aeruginosa ATCC 9027; 
B=Pseudomonas aeruginosa ATCC 9027 treated with GlcN-AuNPs 0.02 mg/ml alone; 
C=Pseudomonas aeruginosa ATCC 9027 treated with GlcN-AuNPs 0.02 mg/ml + meropenem 1 
mg/ml; D=negative control. . 
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3.3. Biofilm Inhibition Activities of GlcN-AuN, Both Alone and in Combination with Meropenem, against 

Pseudomonas aeruginosa ATCC 9027 on the Endotracheal Tube 

The results demonstrated a decrease in biofilm production of Pseudomonas aeruginosa 9027 on 
the endotrachael tube after exposure to either GlcN-AuNPs alone or in combination with meropenem 
(Figure 4). The percentage of biofilm inhibition was 26% and 71% after exposure to GlcN-AuNPs 
alone and in combination with meropenem, respectively. Pseudomonas aeruginosa ATCC 9027 
exhibited the lowest level of biofilm formation, significantly decrease after exposure to the 
combination of GlcN-AuNPs and meropenem (p=0.001). The Tukey post hoc test revealed a 
significant decrease in the biofilm formation level of Pseudomonas aeruginosa 9027 when treated 
with the combination of GlcN-AuNPs and meropenem, compared to both the untreated group and 
those treated with GlcN-AuNPs alone (Table 3).     

Table 3. Biofilm activity assay of Pseudomonas aeruginosa ATCC 9027 treated with GlcN-AuNPs. 

Group Replication OD Mean +SD Interpretation 

Untreated 

1 1.863 

2.466 +0.406a 

Strong biofilm 

formation 2 2.724 

3 2.584 

4 2.695 

GlcN-AuNPs 0.02 

mg/ml 

1 2.618 

1.832 +0.601a 

 

Moderate biofilm 

formation 2 1.887 

3 1.648 

4 1.176 

GlcN-AuNPs 0.02 

mg/ml + meropenem 

1 mg/ml 

1 0.908 

0.720 +0.173b 

 

Moderate biofilm 

formation 2 0.533 

3 0.620 

4 0.819 

One-way Anova analysis: p value=0.001, a and b indicate significantly different by the Tukey post-hoc test. 
OD=optical density; SD=standard deviation. 

 

Figure 4. Biofilm forming activity of Pseudomonas aeruginosa ATCC 9027. The assessment of biofilm 
formation was conducted using the microtiter plate technique and staining with crystal violet. The 
graph displays the average + standard deviation of biofilm formation derived from three groups. 
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Group 1=untreated; group 2=GlcN-AuNP 0.02 mg/ml; group 3=GlcN-AuNPs 0.02 mg/ml + 
meropenem 1 mg/ml. 

4. Discussion 

Ventilator-associated pneumonia is defined as pneumonia that develops after 48 hours patient 
undergoes mechanical ventilation via an ETT while in the hospital. The formation of a biofilm on the 
ETT significantly contributes to the occurrence of VAP [9]. This type of pneumonia manifests in 25%-
56% of all mechanically ventilated patients [26].  

Ventilator-associated pneumonia primarily arises from multidrug-resistant and extremely drug-
resistant strains of Pseudomonas aeruginosa, resulting in heightened rates of treatment failure. 
Additionally, the effectiveness of antibiotics such as aminoglycosides, quinolones, and β-lactams are 
limited by the rapid formation of Pseudomonas aeruginosa biofilms on the endotracheal tube surface. 
These microbial communities represent a crucial virulence factor of Pseudomonas aeruginosa [27,28]. 
Biofilms created by Pseudomonas aeruginosa establish conditions more conducive to bacterial 
persistence, as embedded bacteria pose greater challenges for elimination compared to their 
planktonic counterparts [25].  

Meropenem, belonging to the β-lactam antibiotics class, is regarded as one of the most effective 
therapeutic choices for addressing multidrug-resistant Pseudomonas aeruginosa [25]. Nevertheless, 
there is a global trend of elevated carbapenem resistance observed among these organisms [29].  

Nanomaterials exhibiting heightened antimicrobial properties show potential as viable 
substitutes for conventional antibiotics. They offer a distinct advantage by circumventing prevalent 
antibiotic resistance strategies, as the mechanisms underlying most antibiotic resistance are not 
aligned with the pathways through which nanomaterials exert their effects [30]. As mentioned earlier, 
the impact of nanomaterials in inhibiting biofilm formation encompasses various mechanisms such 
as physical disruption, surface modification, antimicrobial release, interference with quorum sensing, 
electrostatic interactions, mechanical stress, photothermal effects, and enzymatic degradation [13,14]. 
In addition, there have been reports on the synergistic effect of combining nano materials with 
antibiotics to prevent the biofilm formation [20]. A prior study documented the benefit of 
antimicrobial and antibiofilm effect of meropenem and ZnO nanoparticles to protect the cornea rat 
model from pseudomonas-induced keratitis [25]. 

To our knowledge, this study is the first to experiment with synthesizing glucosamine 
phosphate with gold nanoparticles (GlcN-AuNPs) and applying it simultaneously with meropenem 
to inhibit biofilm formation on the endotracheal tube. Gold nanoparticles are widely recognized for 
their significant potential in various biomedical applications such as drug delivery, imaging, and 
diagnostics. Specifically, AuNPs have been extensively studied and investigated for their versatility 
in these fields including their ease of preparation, surface reactivity, and unique optical properties 
[31]. Gold is acknowledged as a non-toxic nanomaterial; however, the substances employed in its 
preparation and modification may have toxic properties. This toxicity tends to become apparent 
when the concentration of gold nanoparticles is elevated. Despite this, AuNPs exhibit notable 
antibacterial effects. At specific concentrations, these nanoparticles do not display toxic effects on 
normal cells [16]. In addition, the small size of AuNPs, along with their biocompatibility, minimal 
toxicity, and the potential for the simultaneous assembly of various molecular functionalities, renders 
them appealing for biomedical applications in therapy and sensing [31].  

In this study, we observed the biofilm inhibition effect of AuNPs conjugated with glucosamine 
phosphate against Pseudomonas aeruginosa ATCC 9027 on the endotracheal tube. This finding is 
consistent with a previous study that highlighted the effectiveness of AuNPs in combating biofilm-
related infections caused by Pseudomonas aeruginosa PAO1 [32]. Simultaneously, all experimental 
indications suggest a crucial role played by the glucose subunit found in glucosamine phosphate [33]. 
This sugar stimulates the generation of intracellular NAG-6-P that would inactivate the regulator 
NagC causing a decrease in biofilm formation [34].  

Moreover, this study illustrated the synergistic impact of GlcN-NPs and meropenem in 
restraining the formation of biofilm by Pseudomonas aeruginosa ATCC 9027 on the endotracheal tube. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 12 December 2023                   doi:10.20944/preprints202312.0835.v1

https://doi.org/10.20944/preprints202312.0835.v1


 9 

 

The biofilm inhibition rate was nearly threefold greater when exposed to the combination of GlcN-
NPs and meropenem compared to GlcN-NPs alone. The collaboration between nanomaterials and 
antibiotics could potentially contribute to enhancing the activity of biofilm inhibition against 
Pseudomonas aeruginosa ATCC 9027 [25]. Nevertheless, additional research is warranted to explore the 
influence of GlcN-NPs in conjunction with meropenem on clinical Pseudomonas aeruginosa isolates, 
particularly those derived from lower respiratory specimens of mechanically ventilated patients.   

5. Conclusions 

In summary, our study highlights the potential for employing combination therapies involving 
nanomaterials and antibiotics, as opposed to relying solely on antibiotics. This approach aims to 
mitigate the risk of increased resistance, thereby reducing the likelihood of elevated morbidity and 
mortality resulting from treatment failures. Our findings underscore the enhanced antibacterial and 
antibiofilm efficacy achieved with the combination of GlcN-NPs and meropenem, presenting a 
successful strategy to counter the emerging resistance of Pseudomonas aeruginosa to carbapenems.    
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