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Abstract 

Background: The widespread administration of quinolones may have led to an increase in bacterial resistance 

development. Objective: To synthesize and characterize manganese oxide nanoparticles (MnO2NPs) and evaluate 

their effects on the viability and biofilm formation of quinolone-resistant gram-positive and negative pathogenic 

bacteria. Methods: We prepared MnO2NPs using the photo-irradiation method and recorded their characteristics 

using XRD, TEM, and SEM. Staphylococcus aureus, Streptococcus pneumonia, Escherichia coli, Klebsiella 

pneumonia, and Pseudomonas aeruginosa were collected from the wastewater of Baghdad hospitals during the 

period from July 3rd to July 14th, 2023. We used the VITEK2 system to confirm and identify all of the isolates. We 

conducted biofilm formation and antibiotic susceptibility tests using nalidixic acid, ciprofloxacin, norfloxacin, 

aztreonam, levofloxacin, and ofloxacin, and also detected the qnrA and qnrB genes. Finally, we evaluated the 

effects of the prepared nanoparticles on the viability and biofilm formation of bacterial isolates. Results: MnO2NPs 

characterizations showed a diffraction peak at 2θ values with 21 nm average sizes; qnrA and qnrB genes were found 

in three and four isolates, respectively; and significant effects of MnO2NPs against viability and biofilm formation 

were recorded. Conclusions: The synthesized nanoparticles have antibacterial and anti-biofilm activities against a 

variety of bacteria possessing qnr genes. Even multi-resistant bacterial isolates have the potential to be strong 

antimicrobial agents against these pathogens. 
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 وتأثيرات جسيمات أكسيد المنغنيز النانوية ضد البكتيريا المقاومة للكينولون المعزولة من مياه الصرف الصحي في المستشفياتتحضير 

 الخلاصة

يز : توليف وتوصيف جسيمات أكسيد المنغنالهدف: قد يكون إعطاء الكينولونات على نطاق واسع قد أدى إلى زيادة في تطور المقاومة البكتيرية. خلفيةال

: قمنا بإعداد الطرق .وتقييم آثارها على صلاحية وتكوين الأغشية الحيوية للبكتيريا المسببة للأمراض إيجابية الجرام والسالبة المقاومة للكينولون النانوية

NPs2MnO  باستخدام طريقة التشعيع الضوئي وسجلنا خصائصها باستخدامXRD  وTEM و SEM.  تم جمع المكورات العنقودية الذهبية والالتهاب

تموز  3فترة من الرئوي العقدية والإشريكية القولونية والالتهاب الرئوي الكلبسيلة والزائفة الزنجارية من مياه الصرف الصحي لمستشفيات بغداد خلال ال

نا اختبارات تكوين الأغشية الحيوية والحساسية للمضادات الحيوية لتأكيد وتحديد جميع العزلات. أجري VITEK2استخدمنا نظام  .2023تموز  14إلى 

 و qnrAكشفنا أيضا جينات ستباستخدام حمض الناليديكسيك وسيبروفلوكساسين والنورفلوكساسين والأستريونام والليفوفلوكساسين وأوفلوكساسين، وا

qnrB. أظهرت توصيفات النتائج .الحيويالغشاء ة العزلات البكتيرية وتكوينها أخيرا، قمنا بتقييم آثار الجسيمات النانوية المحضرة على صلاحي :

MnO2NPs  2ذروة حيود عند قيمθ  نانومتر. تم العثور على جينات  21بمتوسط أحجامqnrA  وqnrB  في ثلاث وأربع عزلات، على التوالي. وتم

: الجسيمات النانوية المركبة لها أنشطة مضادة للبكتيريا لاستنتاجاتا .ضد الجدوى وتكوين الأغشية الحيوية NPs2MnOتسجيل تأثيرات كبيرة ل 

حتى العزلات البكتيرية متعددة المقاومة لديها القدرة على أن تكون  .qnr ومضادة للغشاء الحيوي ضد مجموعة متنوعة من البكتيريا التي تمتلك جينات

 .عوامل قوية مضادة للميكروبات ضد مسببات الأمراض هذه
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INTRODUCTION 

Antibiotic resistance is becoming an increasingly 

serious public health issue. In recent years, the rise of 

antibiotic-resistant bacterial species has posed a 

serious challenge to public health, making effective 

disease treatment more difficult around the world. In 

recent decades, the frequency of microbial illnesses 

has increased dramatically [1]. The rapid rise of 

antibiotic-resistant bacterial species has greatly 

hampered clinical treatment around the world. These 

newly resistant strains have rendered microorganisms 

impervious to standard antimicrobial therapy, 

resulting in disease persistence, increased healthcare 

expenses, and an increased mortality risk [2]. In 

recent decades, various novel antibiotics have been 

developed that have demonstrated improved 

efficiency against multidrug-resistant 

microorganisms. As a result, alternate therapy agents 

are critical for addressing the difficulties associated 

with these drug-resistant disorders [1]. Nanoparticle 

technology has emerged in recent decades, allowing 

for the development of dependable sensors with a 

wide range of applications, as well as nanoparticle-

based antibacterial treatments [4]. Furthermore, 

nanoparticles have the potential to extend the 

limitations of conventional antibacterial medications. 

Nanoparticles that operate as antibiotics are gaining 

popularity due to their potential to overcome the 

limits of regular antibiotics. They are very efficient 

against multidrug-resistant mutants and biofilms [5]. 

Biofilms, which are organized aggregates of bacteria, 

can withstand a variety of environmental conditions 

and are resistant to antibiotics [6]. Biofilms are 

clusters of bacteria embedded in an extracellular 

polymeric substance, mostly consisting of nucleic 

acids, polysaccharides, and proteins [6]. Antibiotic 

inefficacy in non-treating biofilm infections, due to a 

permeability barrier, may provide hurdles to long-

term disease eradication [1]. New antibiofilm agents 

are required to treat illnesses caused by bacteria that 

form biofilms [6]. Biofilms are clusters of bacteria 

embedded in an extracellular polymeric substance, 

mostly consisting of nucleic acids, polysaccharides, 

and proteins [7]. Antibiotics' ineffectiveness in 

treating biofilm infections, owing to a permeability 

barrier, may provide hurdles to long-term disease 

eradication [8]. To treat infections caused by bacteria 

that form biofilms, novel antibiofilm agents are 

required [7,8]. Metal oxide nanoparticles have high 

antibacterial capabilities and are compatible with 

mammals, making them effective agents [9]. There is 

evidence that MgO nanoparticles can kill both gram-

positive and gram-negative bacteria, such as 

Streptococcus pneumonia and E. coli [8]. The current 

study aimed to synthesize and analyze manganese 

oxide nanoparticles, as well as assess their impact on 

the survival and biofilm formation of resistant gram-

positive and gram-negative bacteria. 

METHODS 

Synthesis of oxide nanoparticles 

All compounds were analyzed and used without 

further processing. Manganese oxide (MnO2NPs) 

manufactured using reported methods [10,11] 

provided manganese nitrate [Mn(NO3)2] and oxalic 

acid [C2H2O4] (Figure 1).  

 

Figure 1: Photo-irradiation of synthesized MnO2NPs 

The photocell requires a 125 W UV mercury lamp 

with a wavelength of 365 nm and an ice bath-cooled 

tube to prevent temperature rise caused by UV 

radiation. As a result, 2 moles of nitrate were 

dissolved in 25 ml of water, followed by 4 moles and 

25 ml of oxalic acid, which was gently added to the 

solution over 60 minutes. The solution was 

irradiated, and a dark grain precipitated. A water-

filled centrifuge was used to separate and wash them 

multiple times. The powder was dried overnight at 60 

ºC and calculated in a furnace at 450 ºC for 4 hours, 

resulting in a dark precipitate of MnO2 NPs. 

Characterization of MnO2 NPs 

X-ray diffraction (XRD) tests were done with a 

Japan (XRD-6000) rotating anode X-ray tube that 

was filled with Cu K (λ = 1.52A˚). To capture 

images, we used a JEOL JEM-2100 transmission 

electron microscope with a 100 kV acceleration 

voltage. We obtained the MnO2 NPs' moral using 

scanning electron microscopy (SEM; JEOL JEM-

6510 LV) with a gold layer [12,13]. 

Bacterial isolates 

Bacterial isolates of Staphylococcus aureus, 

Streptococcus pneumonia, Escherichia coli, 

Klebsiella pneumonia, and Pseudomonas aeruginosa 

were obtained from the microbiology laboratories of 

Science at Mustansiriyah University. These isolates 

were collected from the wastewater of Baghdad 

hospitals during the period from July 3rd to July 14th, 

2023. The VITEK2 system was used to identify all of 

the isolates according to the manufacturers’ 

specifications. 

Antimicrobial susceptibility pattern 

Nalidixic acid, ciprofloxacin, norfloxacin, 

aztreonam, levofloxacin, and ofloxacin were tested 

for antimicrobial susceptibility using the disc 

diffusion method [14,15]. 
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Detection of the qnrA and qnrB genes 

After the cultivation of bacterial isolates in Luria-

Bertani broth at 37 °C for 18 hours, several colonies 

of bacteria were transferred to distilled water. The 

bacterial DNA of all isolates was extracted by using 

the boiling method [16]. Multiplex PCR was done by 

using four primers, as shown in Table 1.  

Table 1: qnrA and qnrB primers PCR  

Primers Primer sequence 
Product 

size 
Ref. 

qnrA-F 5-ATTTCTCACGCCAGGATT-3 
580 bp 

16 
qnrA-R 5-GATCGGCAAAGGTTAGGTCA-3 
qnrB-F 5-GATCGTGAAAGCCAGAAAGG-3 

264 bp 
qnrB-R 5-ACGATGCCTGGTAGTTGTCC-3 

Five bacterial DNA, four primers (1 μl of each), ten 

of master mix (Jena, Germany), and one of deionized 

water were added to reach a final volume equal to 20 

µl. The reaction was performed according to a 

previous study [17–19]. 

Determination of antibacterial effects 

The antibacterial properties of MnO2NPs were tested 

against all of the selected bacterial isolates (S. 

aureus, S. pneumonia, E. coli, K. pneumonia, and P. 

aeruginosa) using the well diffusion method [18]. 

We diluted the overnight bacterial growth in 

sterilized distilled water until it met the McFarland 

criterion (1.5*10-8 CFU/ml). Loopfuls of the 

bacterial suspensions were inoculated on Moller-

Hinton agar plates, 5 mm in diameter, with wells 

containing 62, 125, 250, 500, 1000, and 2000 µg/ml 

of MnO2NPs. The plates were then incubated at 37 

ºC for 24 hours to determine the effectiveness of the 

MnO2NPs in killing the chosen isolates. Distilled 

water served as a negative control. MnO2NPs were 

serially diluted from 62 to 2000 µg/ml, with 100 µl 

each added to three wells. In addition, 80 µl of each 

Muller-Hinton broth suspension was put into the 96-

well plate. After 24 hours of incubation at 37 ºC, the 

minimum inhibitory concentrations of MnO2NPs 

were measured. In test conditions, these 

nanoparticles can arrest bacterial growth or kill the 

bacteria. Wells without MnO2NPs and others without 

microorganisms served as positive and negative 

controls, respectively. 

Determination of MnO2NPs antibiofilm effects 

Effects of the prepared MnO2NPs against biofilm 

formation of the collected bacterial isolates were 

performed according to previous studies [21,22]. 

Statistical analysis 

SPSS software (IBM, Chicago, IL, USA) version 20 

was used for the statistical analysis. Fisher's test and 

the chi-square test were used in this study, and a p-

value of less than 0.05 was considered statistically 

significant. 

RESULTS 

Figure 2 displays the XRD patterns of MnO2NPs. 

The XRD pattern's diffraction peaks are all indexed 

to oxide, in accordance with JCPDS 24-0735. The 

XRD pattern of MnO2NPs displayed diffraction 

peaks of 28.6°, 37.2°, 41.0°, 42.8°, 46.0°, 56.6°, 

59.3°, 67.2°, and 72.2 at 2θ values indexed to 110, 

101, 200, 111, 210, 211, 220, and 310, due to the 

tetragonal structure of MnO2.  

 
Figure 2: XRD pattern of the MnO2NP 

Figures 3A and B show TEM images of nanoscale 

MnO2. The MnO2NPs have an average size of around 

21 nm, and figures 4A and B show SEM images 

utilized to analyze the surface structures of 

photochemically generated MnO2NPs.  

 

Figure 3: A) TEM image of photochemically synthesized 

MnO2NPs. B) Distribution of MnO2NPs 
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Figure 4: A) SEM image of MnO2NPs. B) Distribution of 

MnO2NPs by SEM image 

The susceptibility tests revealed that all the isolates 

were resistant to three or more quinolones. Nalidixic 

acid demonstrated the highest resistance (80%), 

followed by ofloxacin and ciprofloxacin, both with 

60% resistance. Table 2 shows that levofloxacin had 

the lowest resistance rate (10%).  

Table 2: Antimicrobial-susceptibility for bacterial isolates 

Isolates 
NA 

(30µg) 

CIP 

(5µg) 

NOR 

(10µg) 

AZT 

(30µg) 

LEV 

(5µg) 

FX 

(5µg) 

S. aureus S S R S S R 

S. pneumoniae R R R R S S 
E. coli R S S R R I 

K. pneumoniae R R R S I I 

P. aeruginosa R R S R S R 
Resistance % 80 60 60 40 20 40 

Multiplex PCR was utilized to successfully amplify 

the qnrA and qnrB genes. The selected bacterial 

isolates all had one or two of the qnr genes examined 

in the current investigations. Three isolates had the 

qnrA gene, whereas four isolates contained the qnrB 

gene. Generally, three of the five isolates had one of 

the qnr genes (qnrA or qnrB), whereas the other two 

had both (Figure 5). The antimicrobial effects of 

MnO2NPs on tested bacterial isolates showed that 

125 and 250 µg/ml concentrations affect all tasted 

bacteria, while 500 µg/ml showed weak activity 

against S. aureus and S. pneumonia without any 

recoded activity against the other isolates (see table 

3).  

 

Figure 5: PCR product qnrA and qnrB genes on an agarose 

gel electrophoresis; where line 1: DNA ladder, line 2: P. 

aeruginosa, line3: K. pneumonia, line 4: E. coli, line 5: S. 

pneumoniae, and line 6: S. aureus. 

Moreover, inhibitory zones of all isolates were 

observed by utilizing 2000 µg/ml of MnO2NPs. In 

general, 2000 µg/ml of MnO2-NPs was found to have 

the largest clear zone against S. aureus (21 mm) and 

the smallest clear zone against P. aeruginosa (12 

mm), as shown in Table 3.  

Table 3: Antimicrobial effect of MnO2NPs against 

bacterial isolates and MIC values  
Bacterial 

Species 

Mn-NPs concentration (µg/ml) 

125 250 500 1000 2000 MIC 

S. aureus 0 0 8 14 21 250 
S. pneumonia 0 0 7 12 18 >1000 

E. coli 0 0 0 11 16 500 

K. pneumonia 0 0 0 9 14 1000 
P. aeruginosa 0 0 0 0 12 >1500 

 

Conversely, the MnO2NPs minimum inhibitory 

concentrations revealed the lowest MIC against S. 

aureus and the highest against S. pneumonia. Results 

MnO2NPs strongly inhibited biofilm formation in all 

bacterial isolates at doses of 31.25, 62.5, and 125 

µg/ml. S. aureus biofilm was the most affected, with 

a reduction in optical value from 1.5 to 0.9 (40%), 

while P. aeruginosa was the least affected, with a 

reduction of 7.6% and an optical value of 1.7 to 1.58 

(Figure 6). 

 

 Figure 6: Antibiofilm activity of different concentrations 

of MnO2NPs. 

DISCUSSION 

The purity of the nanosample and the lack of 

contaminants were the most critical factors in 

obtaining the MnO2NPs. According to the Debye-

Scherrer formula, the crystal size was determined to 

be 16.4 nm [23,24]. The TEM image clearly 

demonstrates that MnO2NP sample spherical 

particles are composed of a decent percentage of 

crystals and have a restricted distribution [25]. 
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Furthermore, the TEM results of the MnO2NPs 

sample reveal particle aggregation into a porous 

block [26]. Figures 4A and B show the surface 

architectures of photochemically produced MnO2NPs 

as studied using a scanning microscopy electron 

(SEM). The illustration illustrates that the spherical 

particles and crystal structures created are the 

primary components, demonstrating that MnO2NPs 

do not aggregate. The SEM measurement revealed 

zero dimensions and particle formation, as all 

constructed particle measurements were significantly 

smaller than 100 nm [27]. Over the last few decades, 

five specific bacterial isolates have been identified as 

one of the world's main causes of nosocomial 

infections [28]. The qnr genes produce proteins that 

allow bacteria to withstand various antibiotics that 

are not quinolones. Even though qnr genes are one of 

the most resistant agents to quinolone derivatives, 

their prevalence has recently increased drastically 

[29]. The isolates in the current investigation were 

highly resistant to nalidixic acid (80%), with the 

lowest resistance found against levofloxacin (10%). 

As a result, nalidixic acid appears to be an unsuitable 

therapy for these bacteria. Furthermore, because 

levofloxacin is rarely used in clinical practice, it 

could be a useful treatment. Surprisingly, most of the 

isolates were resistant to all quinolone antibiotics 

[29,30]. This could indicate that the medicine is 

being used recklessly and incorrectly. According to a 

prior study, the rate of quinolone resistance is 

significantly higher here than in other parts of the 

world [30]. Qnr genes were discovered in a 

significant percentage of isolates in the current 

investigation, with qnrA at 60%, qnrB at 80%, and 

two of these resistance genes at 40%. In terms of 

quinolone resistance, the qnrB gene is more essential 

than qnrA. Additional variables, such as efflux pump 

overexpression, lower amounts of chemicals within 

cells, and mutations in enzymes such as 

topoisomerase IV and DNA gyrase, may also be 

successful in producing the same result [31]. 

However, quinolones are the most commonly 

prescribed antibiotics for the treatment of urinary 

tract infections. In today's world, the possibility of 

therapy ineffectiveness among Iranian patients is a 

major worry. [32]. Manganese nanoparticles were 

examined for their antibacterial effectiveness against 

two gram-positive bacteria (S. aureus and S. 

pneumoniae) and three gram-negative bacteria (E. 

coli, K. pneumoniae, and P. aeruginosa). The zone of 

inhibition was compared to that of a popular 

commercial antibiotic. We used both quantitative and 

qualitative assays to determine the antibacterial 

activity of the selected isolates. There is little 

question about the inhibitory zone surrounding the 

MnO2NP wells, which indicates that the 

nanoparticles are killing the bacterium isolates. Other 

experiments found that MnO2NPS had a significant 

impact on antibacterial activity [33]. The poor 

efficacy against P. aeruginosa could be attributed to 

the bacteria's advanced cell wall structure, which 

contains a high percentage of virulence factors and 

resistance mechanisms, or it could be because the 

OH produced by MnO2NPs was insufficient to 

damage the cell wall. Antimicrobial activity against 

bacterial isolates was observed at high doses in the 

current study [34]. Furthermore, the particular 

mechanism of bacterial resistance remains unknown. 

MnO2NPs interact with the membrane, causing 

membrane changes that appear as pits on the 

membrane surfaces and subsequently lead to the 

formation of pores, resulting in cell death [33,35]. It 

is also likely that MnO2NPs were effective against 

quinolone-resistant bacteria via this method. When 

the concentration of nanoparticle metals in the 

culture medium rises, so does the interaction between 

oxygen and the dehydrogenase enzyme, resulting in 

increased antimicrobial activity. Another possible 

explanation is the abrasive surface roughness of 

MnO2NPs, which is induced by metal oxide and/or 

transition metal doping, which promotes surface 

defects [36]. MnO2NPs had MICs against both gram-

negative and gram-positive bacteria strains [37]. 

Gram-positive bacterial strains were more 

susceptible to the NPs tested in this investigation 

than gram-negative strains. Numerous studies have 

also demonstrated the beneficial effects of MnO2NPs 

on gram-positive bacteria [38]. High activity against 

gram-positive bacteria may be due to differences in 

cell walls, or because peptidoglycan is more 

abundant in gram-positive bacteria than in negative 

bacteria, or due to electrostatic interactions between 

NPs and the cell surface that result in morphological 

changes in gram-negative bacteria, increasing cell 

permeability and NP accumulation in the cytoplasm 

[39]. SoxR and oxyR are two regulators that activate 

genes involved in oxidative stress resistance 

mechanisms. SoxR reacts to superoxide anions, 

whereas oxyR responds to hydrogen peroxide stress. 

Bacteria treated with silver nanoparticles (AgNPs) 

showed increased expression of genes linked with 

oxidative stress resistance. These genes include soxR, 

oxyR, sodA, sodB, and sodC, which produce 

superoxide dismutase, an enzyme that converts 

superoxide to hydrogen peroxide. Furthermore, the 

katE and katG genes were deregulated, which are 

involved in the conversion of hydrogen peroxide to 

oxygen. [40]. Bacterial resistance to nanoparticles is 

attributed to changes in gene expression and 

oxidative stress, which results in a reduction in 

porins, activation of redox-sensitive transcriptional 

activators known as SOXR and OXYR [41], 

modification in the electrical charge of the bacterial 

wall, increased expression of efflux systems, and a 

change in lipopolysaccharide synthesis [42]. Finally, 

because bacterial pathogenicity is heavily dependent 

on biofilm formation and swarming movement, a 

significant reduction in bacterial biofilm formation 

contributes to successful pathogenic suppression 

while also lowering virulence factors [43]. 

Study limitations 

There are two limitations to this investigation. The 

first limitation is the study's limited sample size of 

bacterial species. The second is the failure to apply 

the prepared nanoparticles against fungal or parasitic 

pathogens. 
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Conclusion 

In this study, we effectively produced MnO2NPs. 

According to the inhibition zone data, synthesized 

MnO2NPs inhibit gram-positive bacteria more 

effectively than gram-negative bacteria. As a result, 

even multi-resistant bacterial isolates have the 

potential to serve as potent antimicrobial agents 

against this pathogenic infection. Effective antibiotic 

stewardship is especially important in healthcare 

settings. We need a more detailed investigation to 

assess the prevalence of quinolone resistance in 

Baghdad and address its spread to other nosocomial 

infections. 
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