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Introduction 
Acinetobacter baumannii has emerged as a significant 

nosocomial pathogen, especially in burn wounds, where it 

is capable of forming biofilms and exhibits resistant to 

numerous antibiotics. This resistance complicates 

treatment efforts and elevating the risk of mortality among 

patients (Vázquez-López et al. 2020). Burn wounds are    

particularly susceptible to bacterial colonization due to the 

exposure of subcutaneous tissues, compromised immune 

defences, and the presence of necrotic tissues. Such an 

event could lead to infections from microorganisms that 

are resistant to multiple antibiotics, significantly 
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ABSTRACT 

This study investigated a nanocomposite composed of chitosan, titanium 

dioxide, and zinc oxide aimed to combat the drug-resistant Acinetobacter 

baumannii bacteria, which contributes to heal burn infections. This treatment 

was effective to cure burn infections. Additionally, this composite served as an 

anticancer agent. The study examined the interaction between metal oxide 

nanoparticles (ZnO and TiO₂) and proteins associated with cancer. Molecular 

docking simulations demonstrated the adhesion of nanoparticles, as well as their 

blocking affinity (Ki), The RMSD sizes yielded the desired outcomes. The 

findings indicated a potential to inhibit the movement of other molecules. Real-

time PCR was employed to assess expression levels of the fimH gene in 

Acinetobacter baumannii isolated from burn wounds treated at Hillah Hospital 

in Iraq. This study examined the role of metal oxide nanoparticles, especially 

ZnO and TiO₂, alongside cancer-related proteins, such as Focal Adhesion 

Kinase (FAK), in prostate cancer (PC3). The nanocomposite destroyed tumor 

cells. The nanocomposite significantly reduced fimH expression from 

1.0125±0.18 to 0.0225±0.1. The optimal selective dosage of nanocomposite at 

400 µg/mL resulted in 39.35±4.78%, while HdFn cells exhibited 71.9±0.8%. 

TiO₂ exhibited a greater affinity for FAK during molecular docking, as 

indicated by with free energy values of -8.46 kcal/mol. ZnO exhibited lower 

binding affinities of -4.67. The findings indicated that TiO₂ has the potential to 

inhibit cancer cell growth, requiring further investigation into its mechanisms 

and therapeutic applications. This process helps achieve the goal of 

sustainability in the industrial development. 
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complicating the treatment process. It is critical to find new 

ways to treat burn patients in Iraq due to the elevated 

prevalence of multidrug-resistant Acinetobacter baumannii 

(Zidan et al. 2022, Al-Zuwaini et al. 2024).  

Nanotechnology can address drug-resistant diseases is 

the development of nanocomposites as strong antibacterial 

and anticancer agents, due to their unique physicochemical 

characteristics. Chitosan is a naturally occurring 

biopolymer known for its antibacterial properties (Ahmed 

& Gazi 2025). It has been used for a long time to make 

nanocomposite materials due to its biocompatibility and 

ability to incorporate metal oxide nanoparticles such as 

ZnO and TiO₂ (Abdelwahed et al. 2025) ZnO and TiO₂ 

nanoparticles has been known to possess the ability to 

generate reactive oxygen species, inhibit biofilm 

formation, and damage cancer cells without affecting 

healthy tissues (Harugade et al. 2023, Jha et al. 2023).  

The nanocomposite exhibited antibacterial and 

antibiofilm through an investigation of its effect on the 

fimH gene. The FimH protein facilitated the adherence of 

bacteria to host tissues and enables the formation of 

biofilms on both inanimate and living surfaces. 

Acinetobacter baumannii is a harmful bacterium that is a 

key target for treatment due to its strong reaction to FimH, 

which facilitates its adherence and survival in host 

environments (Mahmoud et al. 2020). The PC3 cell lines 

were utilized to assess the specific cytotoxicity effects of 

the nanocomposite (Sokurenko et al. 1994, Upmanyu et al. 

2022). This cell line was selected for the study due to its 

aggressive nature and ability to metastasize, and it has 

previously been utilized to investigate potential new 

therapies (Saranyutanon et al. 2020).  

Molecular docking and DFT simulations were 

employed to investigate the interaction of nanocomposite 

with PC3 prostate cancer cells. The docking may 

demonstrate a binding affinity of the nanomaterial binds to 

key biological targets and its potential interactions at the 

molecular level. The DFT analysis may reveal the 

organization of nanocomposite's electrons, its stability and 

reactivity. The application of these computational methods 

can improve the experimental results by revealing the 

molecular mechanism of action of nanocomposite.  

This study investigated a nanocomposite composed of 

chitosan, titanium dioxide, and zinc oxide aimed to combat 

the drug-resistant Acinetobacter baumannii bacteria, which 

contributes to heal burn infections. The comprehensive 

plan can give the potential of the Zn-TiO-CS 

nanocomposite as a promising candidate for targeted 

cancer therapy and for combating A. baumannii bacteria. 

 

Materials and Methods 

The total of thirty clinical samples were collected from 

clients at Morgan Hospital in the Babylon region of Iraq 

over a period of six months. All participants provided 

informed consent prior to sample collection, and ethical 

approval was obtained from the Medical Ethics Board. All 

the samples were appropriately labelled and dispatched to 

a microbial laboratory for analysis, adhering to ethical 

considerations. All treatment facilities involved in this 

study provided full consent, ensuring total compliance 

with the established rules and regulations of clinical 

research ethics. 

 

Acinetobacter baumannii isolation and identification 

Both the blood culture medium and the MacConkey 

agar were incubated aerobically at 37°C for 24-hours for 

each specimen. The colonies produced by this bacterial 

group on blood agar exhibited an opaque, creamy 

appearance, and demonstrated no haemolytic activity. 

Additionally, cultivated MacConkey agar colonies that 

did not ferment lactose, leading to a formation of pure 

colonies. The colonies were subsequently incubated at 

37°C for an additional 24 hours. Standard laboratory 

methods were employed to identify the isolated 

organisms, focusing on their colony and microscopic 

characteristics, conducting various biochemical tests, and 

utilizing the VITEK-2 system (Khaledi et al. 2017).  In 

addition to species identification, the VITEK 2 System 

was employed for antibiotic susceptibility testing (AST), 

which determined the minimum concentration of various 

antimicrobial agents required to inhibit growth. The 

system employed a colour change technique to assess the 

resistance levels of bacteria, providing MIC value for 

various antibiotics, which helped in identifying strains of 

A. baumannii that exhibited resistant to multiple drugs 

(Lysitsas et al. 2023). Stock cultures were preserved in a 

mixture of slant agar and 20% sterile buffered glycerine at 

a temperature of -70°C. Genomic DNA was isolated from 

the bacterial isolates utilizing a genetic DNA extraction 

kit (Merck, Germany). The identity of isolates was 

confirmed through Real-time PCR. The identification of 

A. baumannii ribosomal DNA was achieved by analysing 

the product size, sequencing the virulence genes in both 

directions, and examining the 16S rRNA gene (Table 1), 

as shown in the studies conducted by (Lysitsas 2023, 

Zeighami et al. 2019). 

 

Zn-TiO₂-Chitosan nanocomposite preparation  

For the development of new Zn-TiO₂-chitosan 

nanocomposite, firs involved the production of chitosan 

nanoparticles through the laser ablation method. This was 

achieved by drying a 1% acetic acid solution containing 

chitosan to form a solid chitosan target in the form of a 

film or pellet. The specimen was submerged in distilled 

water and subsequently subjected to a pulsed Nd:YAG 

laser, functioning at a wavelength of 1064 nm with 
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adjustable parameters such as pulse energy and repetition 

rate. The ablation process toom between 30 to 60 minutes, 

after which the liquid medium turned turbid, indicating 

the production of nanoparticles. The titanium plate was 

immersed in a pre-prepared chitosan solution. An Nd: 

YAG laser was utilized, delivering 1500 pulses at a 

frequency of 6 Hz, and a wavelength of 1064 nm.     

Subsequently, titanium plate was elevated and 

submerged in the high-purity (99.99%) zinc plate in the 

chitosan titanium oxide solution. The same ablation 

method was employed with the identical parameters, 

utilizing an increased number of pulses (1000 pulses) and 

an energy setting of 500 mJ/pulse. Consequently, CS-

TiO-ZnO was synthesized. The CS-ZnO and CS-TiO₂ 

nanocomposites were synthesized independently within 

the same chitosan solution. All four samples, namely CS, 

CS-ZnO, CS-TiO₂, and CS-TiO₂-ZnO, were subjected to 

similar laser settings. The samples were place on an 

aluminium substrate for EDX and SEM analysis 

(Mintcheva et al. 2020). 

Nano-characterization of Zn-TiO₂-Chitosan  

Multiple tests were employed to characterize the 

chemical, morphological, and structural properties of the 

Zn-TiO-chitosan nanocomposite. A spectrometer 

operating in the 4000-400 cm⁻³ range was utilized for 

FTIR analysis to investigate the chemical interactions and 

functional groups present in the nanocomposite 

(Mintcheva et al. 2020). Energy-Dispersive X-ray 

Spectroscopy (EDS) enabled the thorough elemental 

analysis, confirming the presence of Zn, Ti, C, and O. The 

surface morphology and particle size distribution were 

analysed through field emission scanning electron 

microscopy (FESEM). Atomic force microscopy (AFM) 

was employed to investigate the surface topography and 

roughness of the nanoscale nanocomposite to gain deeper 

insights into its surface properties (Gunasekaran et al. 

2023). 

Minimum inhibitory concentration of nanocomposite 

(MIC) 

The Clinical and Laboratory Standards Institute 

(CLSI) indicates that, the broth microdilution method is 

the most effective approach for determining the minimum 

inhibitory concentration (MIC) of the Zn-Ti-CS 

nanocomposite against Acinetobacter baumannii. A 

nanocomposite stock solution was successfully 

synthesized using sterile distilled water. The final 

concentrations of the solution were set to range from 

0.125 µg/mL to 512 µg/mL following two dilutions in 

cation-adjusted Mueller-Hinton broth (CAMHB). The 

concentrations were subsequently transferred to 96-well 

microtiter plates. The inoculum contained approximately 

5 × 10^5 CFU/mL of A. baumannii, and the plates were 

incubated at 37°C for a duration of 18 to 24 hours. The 

incubation process revealed the MIC of the Zn-Ti-CS 

nanocomposite, which effectively inhibited the visible 

bacterial growth. To ensure consistency, each experiment 

was conducted three times (Abdullah & Ahmed 2019). 

Genetic methods  

The sequences for the fimH gene and the 

housekeeping gene 16S rRNA were generated using 

Primer3 software, utilizing DNA sequences available in 

the NCBI database. The primers were prepared by 

diluting them with nuclease-free water to achieve a 

concentration of 100 µM upon arrival. To prepare 10 µM 

working solutions, the stock was diluted using nuclease-

free water. A 96-well plate was utilized for the real-time 

PCR, with each well containing a final volume of 20 µL. 

Then the addition of subsequent elements in to each 

reaction: A total of 10 µL of Applied Biosystems SYBR 

Green PCR Master Mix was combined with 1 µL of 

forward primer (10 µM), 1 µL of reverse primer (10 µM), 

1 µL of cDNA template (equivalent to 50 ng of RNA), 

and 7 µL of clean water for each reaction. Real-time PCR 

was performed to amplify the fimH gene under specific 

heat cycling conditions. 

  The process started with an initial denaturation 

at 94.0°C for 30 seconds, ensuring complete separation of 

the DNA strands. Subsequent amplification cycles were 

conducted, including denaturation at 94.0°C for 5 seconds 

and an annealing phase at 60.0°C for 35 seconds, 

allowing primers to effectively bind to the target 

sequence. The final phase involved maintaining a 

temperature of 90.0°C for a duration of 15 seconds. The 

parameters were optimized to ensure outstanding 

efficiency and precision in detecting the fimH gene in 

bacterial samples. A melt curve analysis was conducted at 

the conclusion of the PCR run to validate the specificity 

of the amplification. By employing 16S rRNA as a 

control, the gene expression was assessed through an 

observation of threshold cycle (Ct) values and utilized the 

ΔΔCt method (Kadhim et al. 2018, Abdullah & Ahmed 

2019, Hetta et al. 2021). 
 

Table 1 Primers used in this study. 

 

Primer 
Seq

. 

Primer sequence 

5' - 3' 

Size 

(bp) 
Ref 

FIM-H 

F 
TGCAGAACGGA

TAAGCCGTGG 
508 

Mahmou

d 

et al.  

2020 
R 

GCAGTCACCTG

CCCTCCGGTA 

16s RNA 

Referenc

e Gene 

F 
CAGCTCGTGTC

GTGAGATGT 
150 

Mahmou

d 

et al. 

2020 
R 

CGTAAGGGCCA

TGATGACTT 
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Gene expression 

A bacterial suspension measuring100 µL was 

introduced into a 10 mL of Luria-Bertani (LB) broth to 

facilitate the cultivation of A. baumannii. The optical 

density at 600 nm (OD600) reached approximately 0.6 

following incubation of the culture at 37°C with stirring at 

200 rpm. Following the incubation phase, the culture was 

divided into two distinct groups: one that underwent no 

treatment and another that did. The study group 

underwent the nanocomposite test. The TRIzol technique, 

as outlined in (Ibraheem et al. 2018, Mintcheva et al. 

2020), was employed to extract total RNA from 1 mL of 

each bacterial culture following treatment. The extracted 

RNA was measured using a spectrophotometer to confirm 

an A260/A280 ratio within the range of 1.8 and 2.0. The 

integrity of the RNA was confirmed through gel 

electrophoresis. Subsequently, a reverse transcription kit 

like QuantiTect Reverse Transcription Kit from Qiagen, 

was employed to convert 1 µg of RNA into cDNA. The 

fimH gene was targeted through real-time PCR analysis 

utilizing cDNA as a template. Alongside the primers for 

the housekeeping gene 16S rRNA, which served as an 

internal control, primers specific to these genes were 

utilized as well. In the real-time PCR, a total of ten 

microliters of SYBR Green master mix was combined 

with one microliter of each primer (10 µM), one 

microliter of cDNA template, and seven microliters of 

nuclease-free water, resulting in a final reaction volume of 

20 µL. The ΔΔCt technique was employed to assess the 

comparative expression levels of the fimH and Afa genes 

in treated samples compared to control samples, following 

established methodologies. (Hetta et al. 2021)   

 

The methyl thiazole tetrazolium (MTT) 

The Methyl Thiazole Tetrazolium (MTT) Assay 

serves as a technique for quantifying cell toxicity. The 

MTT test was employed to evaluate the cytotoxicity of the 

nanocomposite on PC-3 and HDFn cells. using. The 

initial stage of cell proliferation was conducted at a 

density of 1 x 104 cells per well utilizing 96-well plates 

containing flat bottoms. The cells were exposed to ZnO-

TiO₂-CS nanoparticles at different concentrations (25, 50, 

100, 200, and 400 g/mL) for an additional 24 hours 

following a 24-hour incubation period. Following the 

incubation period, the cells underwent a washing process 

with a sterile phosphate-buffered saline solution, after 

which 20 µL of MTT was added to each experimental 

well. Following this, the cells underwent an additional 

incubation for 4 hours, during which blue formazan 

crystal production was consistently observed under an 

inverted microscope. Following the formation of 

formazan crystals, the liquid medium was extracted from 

each well, and subsequently, 150 µL of DMSO was added 

to facilitate the disintegration of the formazan. The plates 

underwent rotation on an orbital shaker to achieve a 

uniform solution. An absorbance measurement was 

conducted at a wavelength of 570 nm utilizing a plate 

reader manufactured by Bio-Rad in Germany. The MTT 

experiment was conducted following established 

protocols (Vázquez-López et al. 2020). For the 

measurement of optical density, the following formula 

calculated the proportion of cell death: Test OD/Control 

OD * 100 = viability %, OD refers to an optical density 

(Virych et al. 2022). 

 

Computational analysis   

Density functional theory (DFT) calculations 

DFT calculations were performed to examine the 

stability of the ZnO-TiO₂-chitosan complex. The 

calculations were performed utilizing Schrödinger Jaguar 

(Bochevarov et al. 2013). By utilizing the software with 

the B3LYP functional along with the 6-31G basis set. The 

geometry optimization of the complex was conducted to 

obtain the most stable conformation. The energy 

calculations were performed to evaluate the electronic 

properties and interactions within the complex. All 

calculations were performed in the gas phase, excluding 

any implicit solvent model. 

 

Molecular Docking of ZnO and TiO₂ Nanoparticles with 

FAK (1MP8)  

Molecular docking simulations were performed 

utilizing AutoDock 4 (Oner et al. 2023). The objective 

was to evaluate the binding interactions between ZnO and 

TiO₂ nanoparticles and FAK (PDB ID: 1MP8) 

(Nowakowski et al. 2002) associated with PC3, prostate 

cancer as well as with the human estrogen receptor alpha 

(PDB ID: 2IOK) (Mintcheva et al. 2020) (MCF-7, breast 

cancer). The protein structures were obtained from the 

Protein Data Bank (PDB) and prepared using 

AutoDockTools (Dunya et al. 2022) (ADT), which 

involved the removal of water molecules and the addition 

of polar hydrogens. The ligand structures, specifically 

ZnO and TiO₂ nanoparticles underwent optimization 

through energy minimization utilizing the Universal Force 

Field (UFF). The parameters for the docking grid box 

were meticulously set to cover the active site of each 

protein, thereby facilitating thorough ligand-receptor 

interactions. Molecular docking result analysis and 

visualization were conducted using Discovery Studio 

(Oner et al. 2023). 
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Results  

Identification of Acinetobacter baumannii by Vitek 

assay 

Thirty isolates were analysed using a VITEK2 

compact system, resulting in the identification of eight as 

Acinetobacter baumannii. 

 

Characterization of nanocomposite 

The analysis of the Zn-TiO₂-CS nanocomposite 

through FTIR demonstrated distinctive absorption peaks. 

The presence of hydroxyl groups in chitosan was 

supported by the significant peak observed at 3352 cm⁻¹, 

corresponding to the O-H stretching vibrations. In 

chitosan, the absorption bands at 1641 cm⁻¹ and 1397 

cm⁻¹ corresponded to amide I and amide III, respectively. 

The bands were linked to the constriction of C=O bonds 

and the bending of N-H bonds. The stretching vibration of 

C-N bonds within chitosan correlated with the peak 

dimension observed at 1275.6 cm⁻¹. The peaks observed 

at 456 and 427, as well as at 411 cm⁻¹, were utilized for 

the detection of zinc oxide (ZnO). The observed peaks 

suggested the presence of ZnO in the nanocomposite, 

aligning with the vibrations associated with the stretching 

of Zn-O bonds. The characteristic peaks of Ti-O 

connections further demonstrated the successful 

integration of ZnO and TiO₂ particles within the chitosan 

matrix (Fig 1). 

 

 
Fig 1.  FTIR of ZnO-TIO2-Cs nano composite. 

 

       The ZnO/TiO₂/chitosan (Cs) nanocomposite was 

examined using FESEM revealing measurements ranging 

from 108 to 63 nm, with subsequent analysis conducted 

through the ImageJ program. The increased surface area 

of the nanocomposites can improve the antibacterial and 

anticancer properties of the cell membranes of the 

bacterial isolate (Fig 2). This demonstrated the 

composition and distribution of elements, which proved to 

be very beneficial. The findings indicated that the organic 

chitosan structure contributed to a carbon (C) 

concentration of 22.43% w/w. The zinc (Zn) content was 

quantified at 16.51% w/w, confirming the presence of 

ZnO nanoparticles in the mixture. The analysis revealed 

that Titanium (Ti) constituted 11.01% w/w, indicating 

effective corporation of the TiO₂ nanoparticles as 

illustrated in Fig 2   and 3. 

         The examination of surface roughness in the 

ZnO/TiO₂/chitosan (Cs) nanocomposite revealed 

significant topographical characteristics in AFM. The 

average roughness (Ra) was measured at 13.7 nm, 

indicating a relatively smooth surface that is essential for 

enhancing surface interactions between bacterial and 

cancer cells in medicinal applications. The root mean 

square roughness (Rq) was determined to be 19.7 nm, 

indicating the extent of surface texture variations that 

could influence the interaction of the nanocomposite with 

microbial biofilms, including cellular structures. The total 

roughness (RT) was measured at 263.2 nm, revealing 

significant valleys and peaks on the nanocomposite 

surface, which may improve the material's outermost area 

and bioactivity (Fig 4). 

 

 

 
Fig 2. FESEM of ZnO-Tio-Cs nanocomposite A at 

500nm and B at 200nm. 
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  Fig 3.  EDS of ZnO-TiO2-Cs nanocomposite. 

 

The examination of surface roughness in the 

ZnO/TiO₂/chitosan (Cs) nanocomposite revealed 

significant topographical characteristics in AFM. The 

average roughness (Ra) was measured at 13.7 nm, 

indicating a relatively smooth surface that is essential for 

enhancing surface interactions between bacterial and 

cancer cells in medicinal applications. The root mean 

square roughness (Rq) was determined to be 19.7 nm, 

indicating the extent of surface texture variations that 

could influence the interaction of the nanocomposite with 

microbial biofilms, including cellular structures. The total 

roughness (RT) was measured at 263.2 nm, revealing 

significant valleys and peaks on the nanocomposite 

surface, which may improve the material's outermost area 

and bioactivity (Fig 4).  

 

 
 

Fig 4.   AFM of Zn-TiO₂ -Cs nanocomposite. 

 

 

 

Minimum Inhibitory Concentration of Nanocomposite 

(ZnO/TiO₂/chitosan) 

The broth microdilution method was employed to 

determine the minimum inhibitory concentration (MIC) 

values of TiO₂ nanoparticles against Acinetobacter 

baumannii. In this assay, "C-" served as the negative 

control (broth only), whereas "C+" represented the 

positive control (bacteria in broth without the nanoparticle 

treatment). The investigation evaluated the efficacy of 

TiO₂ nanoparticles (NPs) in eliminating Acinetobacter 

baumannii. The minimum inhibitory concentration (MIC) 

was determined to be 22 mg/mL, while a dosage of 0.19 

mg/mL effectively inhibited the growth of A. baumannii 

growth in the majority of the tested strains. 

 

Gene expression  

The results of statistical analysis conducted through 

T-test revealed a significant (p = 0.000) difference in 

fimH gene expressions before and after folding. The 

average expression level was significantly higher 

(1.0125 ± 0.18) prior to folding, as illustrated in 2 and 

figures 5 and 6.  

The cytotoxicity of ZnO-TiO₂-CS nanoparticles 

was assessed in comparison to the normal cells of the 

HdFn cell line, specifically targeting PC3 cancer cells. 

In the MTT test, for every cell line, the concentrations 

of ZnO-TiO₂-Cs nanocomposite were systematically 

increased for each cell line to 25, 50, 100, 200, and 400 

µg/mL. The optimal selective dosage identified at 400 

µg/mL was 39.35 ± 0.92%; conversely, in HdFn cells, it 

was 71.9 ± 0.85% (Table 3). 

 

 

 

Fig 5. Expression of the fimH gene after and before 

folding. 
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Table 2 The fold change (FC) of FAM-H isolated from A. baumannii before and after using TiO₂-ZnO-Cs. 

 

Samples FAM-H 16s-RNA Folding The average 

S1-Before 26.3 14.6 0.81  

 

 

 

 

 

 

(1.0125) before 

S2-Before 26 14.4 0.86 

S3-Before 26 14.7 1.06 

S4-Before 26.5 14.9 0.86 

S5-Before 25.9 14.6 1.06 

S6-Before 25.8 14.7 1.22 

S7-Before 26.1 15.1 1.31 

S8-Before 26.2 14.7 0.92 

S1- After 32.3 15 0.02  

 

 

 

 

 

(0.0225) after 

S2 – After 33.2 15.1 0.01 

S3 -After 31.3 15 0.03 

S4 - After 31.6 15.5 0.04 

S5 - After 31 15.1 0.04 

S6 - After 32.6 15.1 0.01 

S7 - After 32.1 15 0.02 

S8 - After 33.2 15.2 0.01 

 

 

Table 3 Comparisons of mean ± SD cell inhibition of ZnO-TiO₂-CS NPs on PC-3 and HdFn at various dosages (25, 

50, 100, 200, 400 µg/mL) for 24 h. 

 

 

Concentration 

Mean ± SD 
P-value   

PC3 Hdfn 

25 95.71 ±0.98 a 95.21±0.92 a 0.573 NS 

50 90.7 ± 1.1 a 95.33 ± 0.79 a 0.0048* 

100 71.48± 0.95 b 93.59± 0.93 a 0.0001* 

200 48.03± 0.88 c 84.79 ± 0.75 b 0.0001* 

400 39.35± 0.92 d 71.9± 0.85 c 0.0001* 

P-value 0.000* 0.000* 

 
Tests of Normality 0.065 NS 0.002* 

Test of Homogeneity 0.000* 0.000* 

Kruskal-Wallis ANOVA 0.000* 0.000* 

 

      

The results from the current investigation were 

subjected to statistical analysis through both between-

groups (PC3 Hdfn) comparisons and within-group 

comparisons (within PC3 within Hdfn). The analysis of 

between-groups (PC3 Hdfn) comparisons indicated a 

significant reduction in the viability of PC3 at higher 

concentrations when compared to Hdfn, with the 

exception of the 25 concentrations, which did not exhibit 

any significant differences between the groups.       

       Furthermore, the analysis of within-PC3 and within-

Hdfn indicated that there was a concentration of 400 

µg/ml associated with reduced viability in both groups. 

The normality tests revealed that across all concentration 

levels, the statistic approached 1.0, indicating that the 

data for each concentration in both cell types (PC3 and 

HDFN) follows a normally distribution. Following the 

statistical analysis, it was determined that the test for 

homogeneity of variances across concentrations was not 

violated. The findings indicated that the variances 

remained consistent across all concentrations tested, 

specifically at 25, 50, 100, 200, and 400. This analysis 

clearly demonstrated that the variance in the data 



 

 

 

Kadhim et al. 2025                                                                           Microbial Biosystems 10(4)-2025 

171 

remained consistent across all concentration levels        

(Fig 7). 

 

 

Fig 6. The cycle number of the fimH gene is quantified 

using real-time PCR. 

 

 
 

Fig 7. Mean ± SD cell viability of PC-3 cells compared 

with HdFn cells after treatment with ZnO-TiO2-CS 

NPs using MTT in vitro assay at 37ºC, 5% CO2 for 

24 h. 

Electronic and thermodynamic properties: 

Density Functional Theory (DFT) calculations were 

conducted employing the B3LYP functional alongside the 

6-31G basis set to investigate the electronic and 

thermodynamic properties of the chitosan-TiO₂-ZnO 

nanostructure complex (Fig 8). Furthermore, the positive 

entropy change indicated that the formation of the 

complex was entropically driven, which may be beneficial 

for self-assembly processes in solution. The 

thermodynamic parameters and electronic structure 

observed indicated that this hybrid nanostructure could be 

a promising candidate for applications in drug delivery, 

antibacterial coatings, or photocatalysis, where strong 

interactions and charge transfer capabilities are desirable 

(table 4). 

Fig 8. 3d formula of chitosan, zinc oxide, and titanium 

dioxide. 

 

Docking of ZnO and TiO2 with Focal Adhesion Kinase 

(FAK) (1MP8)  

The docking results demonstrated clear differences in 

the binding affinities of ZnO and TiO₂ nanoparticles with 

respect to the focal adhesion kinase (FAK) (1MP8). TiO₂ 

demonstrated a stronger interaction with FAK, displaying 

a lower estimated free energy of binding (-8.46 kcal/mol) 

in contrast to ZnO (-4.67 kcal/mol). The inhibition 

constant (Ki) reinforced this finding, as TiO₂ 

demonstrated a lower value (0.631 µM) compared to ZnO 

(375.31 µM), indicating a greater inhibitory potential. 

(Table 4, Fig 9 and 10).  

 

Table 4: Binding affinity and inhibition constant analysis 

 
Comp. Estimated 

Free 

Energy of 

Binding 

(kcal/mol) 

RMSD       
(A) 

Estimated 

Inhibition 

Constant, Ki 

(uM 

(nanomolar) 

Final 

Intermolecular 

Energy     =   -

9.23 kcal/mol 

USER        

vdW + 

Hbond + 

desolv Energy 

(kcal/mol) 

1MP8 (FAK) PC3 

ZnO - 4.67 4.195 375.31 - 5.27 

TiO2 - 8.46 2.053 0.631 - 9.95 
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Fig 9. The binding mode of ZnO with 1MP8 (FAK).             Fig 10. The binding mode of TiO₂ with 1MP8 (FAK). 

  

 

Discussion 

The development of novel antimicrobial treatments 

against A. baumannii is critically important, as this 

pathogen poses significant challenges due to its rising 

prevalence of drug resistance. A. baumannii rapidly 

acquires tolerance to traditional antibiotics, resulting in 

limited treatment options despite their availability; this 

highlights necessity for innovative approaches. 

The integration of ZnO and TiO₂ with chitosan 

(ZnO-TiO₂-CS) presents a compelling opportunity, as 

these compounds are likely to exhibit synergistic effects. 

Chitosan contributed to biocompatibility while improving 

the durability and bioactivity of the nanocomposite. Zinc 

oxide (ZnO) combined with titanium dioxide (TiO₂) 

exhibited strong antibacterial properties, especially when 

exposed to ultraviolet irradiation. The objective was to 

develop a more efficient nanocomposite aimed at A. 

baumannii that can be combine with these components; 

consequently, this composite will contribute to addressing 

the concerning increase in antibiotic resistance (Al- 

Bermani et al. 2017). This will finally provide a 

treatment for diseases caused by resistant bacteria. The 

infrared transmission obtained from FTIR has 

significantly enhanced the understanding of the chemical 

composition and molecular bonding within the 

ZnO/TiO₂/Cs composite. The prominent peak observed at 

3352 cm⁻¹, linked to O-H stretching vibrations, indicated 

the presence of hydroxyl groups, typically associated with 

the polysaccharide structure of chitosan, along with 

moisture adsorbed on the surface of the nanocomposite 

(Ali et al. 2019). As previously indicated by Gunasekaran 

et al. (2023), the appearance of amide I bands (C=O 

stretching) at 1641 cm⁻¹ confirmed the presence of 

chitosan in the nanocomposite and suggested its role as a 

stabilizing agent.  

The band observed at 1271 cm⁻³, indicative of C-O 

bending vibrations, further confirmed the presence of 

chitosan within the material matrix. A signal at 1397 

cm⁻³, associated with carboxylate groups (COO⁻), 

indicated a potential interaction between ZnO and TiO₂ 

nanoparticles within the chitosan matrix. This may 

enhance the strength and bioactivity of the nanocomposite 

(Dykstra et al. 2007). The structure connection between 

ZnO and TiO nanoparticles was confirmed by the peaks 

observed at 456 cm and 411 cm, attributed to the 

stretching vibrations of Zn-O and TiO (Gunasekaran et al. 

2023). The results indicated that the ZnO/TiO/chitosan 

composite has been successfully synthesized. The 

components exhibited significant interactions, likely 

enhancing their efficacy against bacteria and cancer (Ali 

et al. 2019, Iqbal et al. 2022).  

The findings aligned with previous research on ZnO-

TiO nanocomposites, which had demonstrated similar 

results (Tahir et al. 2024, Bai et al. 2021). Image analysis 

using SEM revealed that the ZnO TiO₂-Cs nanocomposite 

effectively encapsulated within a Cs matrix, exhibiting a 

spherical nanocomposite structure. The unique 

configurations of these composites enhance their 

effectiveness in photocatalysis and bacterial eradication 

by increasing surface area and facilitating charge 

separation. Energy dispersive X-ray spectroscopy (EDS) 

studies have provided insights into the structure and 

composition of the Zn-Ti-CS nanocomposite by revealing 

its distinctive elemental composition. Chitosan, an 

organic component of the nanocomposite, holds 

significant importance. The carbon (C) concentration was 

measured at 22.43% by mass (w/w) and 21.24% in terms 
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of atomic percentage (A/A). Significant characteristics of 

chitosan-derived materials were their elevated carbon 

content. These carbon-rich polysaccharide chains of these 

chemicals accounted for this phenomenon (Hellen et al. 

2018).  

The composite effectively integrated zinc (Zn) at a 

weight proportion of 16.51% w/w, alongside an 

anatomical activity percentage of 9.66%. The difference 

between the two mass measurements arose from zinc’s 

large atomic mass, which causes its weight to surpass its 

atomic percentage (Kravanja et al. 2019). The 

nanocomposite naturally contained titanium dioxide 

(TiO₂) when titanium (Ti) was incorporated at a weight 

percentage of approximately 11.06% w/w and an air 

content of 7.15% A/A. The increased size of titanium 

could lead to a higher atomic mass, similar to that of zinc 

(Mishra et al. 2017). The incorporation of zinc oxide and 

titanium dioxide into the nanocomposite was anticipated 

to enhance its strength and photocatalytic efficiency, 

leading to improved overall performance (Ziental et al. 

2020). Future assessments should consider the presence of 

pollutants identified by the EDS analysis, as they could 

potentially impact the physical properties of the material 

(Ghamarpoor et al. 2024). In conclusion, the successful 

mixing of ZnO and TiO₂ within the chitosan structure, 

along with the identified pollutants, indicated that the 

ZnO/TiO₂/CS nanocomposite material achieves an ideal 

combination of inorganic and organic elements. This 

characteristic exhibited significant potential in mechanical 

reinforcement, bioactivity, and antibacterial properties 

(Roy et al. 2024).  

The findings from AFM in figure 4 illustrated the 

surface characteristics of the samples and their potential 

efficacy as antibacterials against Acinetobacter 

baumannii. The sample exhibited a Ra = 13.73 nm and a 

root mean square roughness (Rq) of 19.77 nm, alongside 

an RT of 263.2 nm, as detailed in reference (Guo et al. 

2024). The findings indicated that a smoother surface was 

associated with a reduced likelihood of bacterial 

adherence, potentially preventing biofilm formation and 

colonization of A. baumannii (Xia & Youcef-Toumi 

2022). The rougher surface of sample 1 could inhibit 

biofilm formation through enhanced interactions with 

bacterial cells, as shown by its 31.87 nm Rt (Wu et al. 

2018). The rough surface could potentially improve 

antimicrobial efficacy, possibly by disrupting bacterial 

colonies or offering additional sites for antibacterial 

activity (da Silva et al. 2019). Consequently, while 

selecting samples for application in biomedicine, it is 

crucial to evaluate whether a significantly rougher or 

slightly smoother surface provides enhanced antibacterial 

properties. Further investigation, including studies on 

bacterial adhesion and antibiotic susceptibility testing, is 

required to determine which sample is more effective in 

eliminating Acinetobacter baumannii and achieving 

certain biological goals (Haghighi et al. 2023).  

The Zn-TiO₂-CS nanocomposite demonstrated a 

statistically significant difference in fimH gene expression 

levels in Acinetobacter baumannii, indicated by a p-value 

of 0.000 for the T-test. The presence of the FimH gene 

was essential for bacteria to adhere to surfaces and form 

biofilms. The observation that these genes exhibited 

significant expression in untreated bacteria (with a mean 

expression level of 1.0125 ± 0.18) indicates that the 

bacteria possessed the ability to perform these activities 

(Kalra et al. 2022). The ability of the nanocomposite to 

inhibit bacterial adherence was demonstrated by rapid 

decrease in effectiveness following treatment with Zn-

TiO₂-CS.  

The reduction in fimH gene expression resulted from 

the synergetic effects of zinc oxide, titanium dioxide, and 

chitosan, which inhibited microbial activity. Titanium 

dioxide and zinc oxide are photo- and stimulus-sensitive 

reactive oxygen species (ROS). Bacterial cells underwent 

oxidative stress as a result, potentially influencing the 

expression of key virulence genes like fimH. Chitosan 

enhanced the antibacterial effect by blocking the 

expression of genes involved in adhesion and biofilm 

formation, (Habib et al. 2023). This process involved 

penetrating microbial cell membranes and potentially 

engaging with DNA. The nanocomposite demonstrated a 

reduction in fimH levels, due to the synergistic effects of 

ZnO, TiO₂, and CS, enhancing its bactericidal and gene 

regulatory capabilities. The combination of Zn-TiO₂-CS 

demonstrated a significant antibacterial effect, as shown 

by a statistically significant reduction in gene expression 

(p = 0.000).  

Previous studies have demonstrated that these 

nanocomposites possess the ability to inhibit the synthesis 

of virulence factors and biofilm formation in various 

bacterial species, potentially contributing to the control of 

multidrug-resistant infections like Acinetobacter 

baumannii (Ibrahim et al. 2021). Certain findings 

indicated that ZONPS exhibited a positive, beneficial 

effect in the protection of the rat tissues while alleviating 

the side effects associated with oxidative stress (Al-Kurdy 

et al. 2024). The hybrid ZnO-TiO₂-CS nanoparticles 

exhibited significant cytotoxicity effects on PC-3 cell 

lines, which were concentration-dependent on. The results 

aligned with a previous study that employed ZnO/TiO₂ 

alongside chitosan (Mustafa 2023). Therefore, the 

presence of chitosan could explain the dependence on the 

concentration toxicity of the synthesized nanoparticles 

(Habib et al. 2023).  

Chitosan frequently demonstrated improved 

anticancer effectiveness when paired with both ZnO and 
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TiO₂. A nanocomposite composed of ZnO, TiO₂, and 

chitosan was utilized to stimulate T lymphoblastic 

leukemia MOLT4 cells. The IC50 value of 33.4 µg 

suggested a high probability of cell morality The ZnO-

TiO₂-chitosan bio-nanocomposites were hypothesized to 

elevate oxidative stress and inhibit the NF-kB cascade, 

thereby preventing cellular proliferation (Prada-Gracia et 

al. 2016, Sisubalan et al. 2018, Maheo et al. 2023). 

Investigations have been conducted on the interaction of 

metal nanoparticles (NPs) when combined with chitosan. 

The study revealed that the cytotoxic effect of chitosan-

assisted metal NPs is caused by the production of reactive 

oxygen species (ROS), leading to cellular damage and 

death of cancer cells (Li et al. 2021, Al-Zuwaini et al. 

2025). The semiconductor properties of metal oxide 

nanoparticles led to the production of reactive oxygen 

species (ROS) through the interaction of electrons and 

holes. The combination of these holes and electrons with 

oxygen and hydroxyl ions resulted in the formation of 

highly reactive species that caused oxidative damage to 

cells (Bouzzine et al. 2024, Peuget et al. 2024).  

The optimal selective dose was determined to be 

84.79±1.20 at a concentration of 200 µg/mL, in contrast 

to 48.03±2.55% observed for HdFn cells. At a 

concentration of 200 mg/ml, ZnO-TiO₂-CS NPs exhibited 

significantly reduced impact on the viability of normal 

HDFN cells compared to their effects on PC-3 cancer cell 

lines (Kadiyam et al. 2024). The results indicated that Zn-

TiO₂-CS nanocomposites have significant potential in the 

healthcare sector, especially in improving patient 

outcomes and minimizing infections associated with 

biofilms.  

The calculated thermodynamic parameters 

demonstrated the stability and viability of the complex 

formation. The calculated free energy (ΔG) was -29.753 

kcal/mol, indicating that the formation of the complex is 

thermodynamically favourable. The presence of negative 

free energy value indicated that the interaction between 

chitosan, TiO₂, and ZnO nanostructures was spontaneous 

(Vallejo et al. 2025). The computed enthalpy (ΔH) of 

12.89 kcal/mol indicated the heat absorbed during the 

complex formation. The positive enthalpy value indicated 

that although the process was endothermic, it was still 

viable under suitable conditions. The entropy (ΔS) of the 

system was determined to be 143.05 cal/(mol·K), 

indicating a significant level of disorder following 

complexation. The positive entropy value indicated that 

the formation of the complex increased the randomness of 

the system, likely due to the dynamic interactions 

occurring between chitosan and the nanostructures (Al-

Bermani et al. 2017, Vallejo et al. 2025).  

The negative HOMO and LUMO values 

demonstrated that the complex exhibited strong electronic 

stability, whereas the low energy gap suggested a high 

level of reactivity and improved charge transfer efficiency 

(Srinivasan et al. 2017, AL-Zuwaini et al. 2022). The 

combination of chitosan with TiO₂ and ZnO 

nanostructures provided a compelling hybrid material 

with potential applications in both biomedical and 

environmental sectors. The spontaneous nature of the 

complex formation, indicated by the negative free energy, 

suggested that this material may be synthesized 

effectively with minimal energy input. The electronic 

properties highlighted the material's potential for 

photocatalytic and electronic applications due to its small 

HOMO-LUMO gap that enhanced charge mobility 

(Brancolini et al. 2014).  

Hussein et al. (2015) told, the comprehensive 

analysis of intermolecular energy revealed that TiO₂ 

exhibited a more favourable interaction energy of -9.95 

kcal/mol compared to ZnO, which had an interaction 

energy of -5.27 kcal/mol. The findings highlighted the 

enhanced binding efficiency of TTiO₂, suggesting its 

potential role as a nanomaterial-based therapeutic agent. 

The analysis included the contributions of vdW, hydrogen 

bonding, and desolvation energy to assess their role in 

stabilizing the interactions. This study validated the prior 

results regarding the Alhagi-Propolis-PVA composition in 

relation to MCF-7 cells, demonstrating that hybrid 

chemicals enhanced binding affinity and electrical 

interactions, leading to the death of cancer cells. The 

composite of ZnO-TiO₂-Chitosan (CS) demonstrated 

anticancer potential through molecular docking combined 

with DFT analysis. The findings indicated that 

combinations of various active ingredients could enhance 

therapeutic efficacy through targeted mechanisms, such as 

apoptosis induced by oxidative stress-induced (Al-

Zuwaini et al. 2024). 

Future studies should focus on experimental 

validation using in vitro and in vivo assays to confirm the 

computational findings and evaluate the biological 

implications of these nanoparticle-protein interactions.  
 

Conclusion 

The ZnO/TiO₂/chitosan (Cs) nanocomposite exhibited 

significant potential as a multifunctional agent capable for 

targeting and eliminating bacteria and cancer cells. The 

nanocomposite significantly inhibited the growth of 

Acinetobacter baumannii, a multidrug-resistant 

bacterium. The reduction in the expression of the fimH 

gene from 1 to 0.0225 demonstrated this point very 

clearly. The observed downregulation indicated that the 

composite influenced the behaviour of pathogenic 

bacteria, enhancing its utility in the management of 

clinical infections. Molecular docking and Density 

Functional Theory (DFT) calculations demonstrated the 
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binding interactions of the chitosan-TiO₂-ZnO 

nanostructure complex with key target proteins, as well as 

the evolution of its thermodynamic properties over time. 

The DFT results indicated that the complex exhibited 

thermodynamic stability, characterized by a negative free 

energy (ΔG = -29.753 kcal/mol), suggesting that it formed 

spontaneously. The increase in enthalpy (ΔH = 12.89 

kcal/mol) and entropy (ΔS = 143.05 cal/(mol·K)) 

indicated that the complex could form, but with more 

molecular disorder. Molecular docking studies 

demonstrated that TiO₂ nanoparticles exhibited a higher 

binding efficiency than ZnO when binding with Focal 

Adhesion Kinase (FAK) (1MP8). TiO₂ exhibited lower 

estimated free energy of binding and inhibition constants, 

indicating that they are tighter and more stable binders for 

the proteins. The positive intermolecular energy of TiO, 

along with its smaller RMSD value, indicates a strong 

potential for its application as a drug-based nanomaterial. 

In short, these findings highlighted the potential of TiO₂ 

in biomedical applications, particularly in targeted protein 

interactions. Future in vivo experiments are necessary to 

validate these computational predictions and investigate 

the therapeutic potential of these nanomaterials. 
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