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Abstract 

     Novel nitric oxide (NO)-releasing polyvinyl alcohol (PVA) films were prepared 

by blending sodium nitroprusside (SNP), which serves as an NO donor, into a PVA 

solution. The microtiter plate (MTP) was used to measure the biofilm-forming 

capacity of eight Pseudomonas aeruginosa isolates on PVA film-coated MTP, MTP 

coated with nitric oxide-releasing PVA films, and catheters coated with NO-releasing 

PVA films. The qPCR was employed to determine the effect of PVA, nitric oxide, 

and NO mixed with PVA on the gene expressions of pslA, pelA, algD, nirS, and bdlA 

genes.  All isolates developed strong biofilms on uncoated MTP, with a highly 

significant decrease on NO- releasing-PVA film-coated MTP and catheters coated 

with NO-releasing-PVA film compared to PVA film-coated MTP and uncoated MTP. 

Significant downregulation of pelA and pslA expression was determined upon 

exposure to the SNP-PVA and SNP alone. However, algD displayed insignificant 

downregulation after exposure to the SNP-PVA blend and SNP alone versus the PVA 

solution. Furthermore, nirS and bdlA exhibited insignificant upregulation after 

exposure to SNP-PVA and SNP alone versus the PVA solution.    
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 الخلاصة 
تحضير        من    أغشيةتم  الكحولجديدة  فينيل  مزج      (PVA)  عديد  طريق  عن  النيتريك  لأكسيد  المُطلِقة 

المتشابك مع     PVAفي محلول  (NO) ، والذي يعمل كمانح لاكسيد النتريك    (SNP) نتروبروسيد الصوديوم  
الدقيقة لقياس قدرة ثماني عزلات من الزوائف الزنجارية على   طبق المعايرةة  طريق استعمالانهيدريد المالييك. تم  

    PVA  أغشية ب   مطليةطبق المعايرة الدقيقة   PVA مطلية ب طبق المعايرة الدقيقة  الحياتية على تكوين الاغشية 
تفاعل البلمرة    استعمال كما تم    .المُطلِقة لأكسيد النيتريك    PVA  أغشية قسطرة مطلية بو  المُطلِقة لأكسيد النيتريك
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 pela و   pslAالتعبير الجيني للجينات    فيوالخليط بينهما    واكسيد النيتريك  PVAلتحديد تاثير    الكمي المتسلسل 
على    القوية  عزلات الثمانية كانت منتجة للاغشية الحياتية الأظهرت النتائج ان جميع  .  bdlA وnirS وalgD و

طبق    استعمالبينما لوحظ انخفاض كبير في تكوين الأغشية الحياتية عند    غير المطلية ، طبق المعايرة الدقيقة  
،  الغشاءالقسطرة المطلية بنفس    استعمال المُطلِق لأكسيد النيتريك، وكذلك عند   PVA مطلية بفيلم المعايرة الدقيقة  

أما على المستوى  .  غير المطلية  طبق المعايرة الدقيقة  فقط و  PVA المطلية ب ـطبق المعايرة الدقيقة  مقارنةً  
 لمزيج بعد تعريض البكتيريا   pslA و pelA الجيني، فقد تم تسجيل انخفاض معنوي في التعبير الجيني لجيني

SNP-PVA ولـ SNP  وحده. ومع ذلك، لم يظهر الجين algD   انخفاضًا معنويًا عند التعرض لنفس العوامل
و    nirSوعلى العكس من ذلك، لوحظت زيادة غير معنوية في التعبير الجيني لجيني   PVA .مقارنةً بمحلول

bdlA  بعد التعرض لمزيجSNP-PVA  ولـSNP  وحده مقارنةً بمحلولPVA 
 

1. Introduction 

       Pseudomonas aeruginosa is a prevalent nosocomial pathogen in Iraqi hospitals that can 

lead to life-threatening infections characterized by robust biofilm formation [1]. Alginate, Psl, 

and Pel are the three different exopolysaccharides that make up the biofilm components of this 

pathogen [2]. One of the most prevalent infections linked to healthcare is catheter-associated 

urinary tract infections (CAUTI), even with strict guidelines for prevention in place. When 

silicone catheters were coated with a biofilm-preventative agent that included benzalkonium 

chloride, polyacrylic acid, and glutaraldehyde, they completely prevented all uropathogens 

from forming biofilms, with the exception of P. aeruginosa, which did not exhibit any decrease 

in biofilm biomass as compared to uncoated silicone catheters [3].  Several strategies are used 

to reduce the prevalence of infections associated with biofilms, including the use of novel 

materials for catheter manufacture and the functionalizing of their surface with antibacterial 

surfaces [4]. Catheters coated with a hydrogel are designed to alter the surrounding 

microenvironment, thereby inhibiting the growth of biofilm. Moreover, 20% of hospitalised 

patients, particularly those in intensive care units, have a urinary catheter, and 70% of UTIs are 

associated with urinary catheters [5].  

For the past fifty years, nitric oxide (NO) has been utilised as an antibacterial agent and has 

consistently shown promise for usage in biomedicine. Although NO-donors have historically 

been applied to polymer surfaces to prevent bacterial attachment, limited research has 

examined their effectiveness when coating urinary catheters [6].  

 

     Polyvinyl alcohol (PVA) is a synthetic polymer that is safe, non-toxic and has good 

biocompatibility. It is beneficial in various applications, including packaging, polymer 

recycling, and controlled drug administration systems, due to its high hydrophilicity and 

exceptional chemical stability [7]. It is generally known that PVA is one of the few vinyl 

polymers that can show swelling behaviour while degrading more quickly. This is possible due 

to the hydroxyl groups that affect the hydrophilic nature of the substance. PVA films and 

hydrogels have been employed in medical applications [8]. This study aimed to provide the 

first evidence of incorporating SNP into a PVA/maleic anhydride (MA) film and to evaluate 

the mixture's effect on P. aeruginosa biofilm formation, with potential applications in medical 

devices such as urinary catheters to prevent biofilm development. 

 

2. Materials and Methods 

2.1 Isolation and Identification of P. aeruginosa 

     A total of eight P. aeruginosa isolates were obtained from the Microbiology laboratory, 

Department of Biology, College of Science, University of Baghdad. All of these were 

originally derived from patients admitted to Ghazi Alhariri Hospital in Baghdad Medical City. 

The Vitek 2 compact system was applied to confirm the identification. 



Abdulrahman and Al-Mathkhury.                         Iraqi Journal of Science, 2026, Vol. xx, No. x, pp: xx  

 

 

2.2 Exposure of Pseudomonas aeruginosa to nitric oxide  

2.2.1 Preparation of the stock solution of sodium nitroprusside  

     An 80 mg/ml solution of sodium nitroprusside (SNP) was used to prepare a stock solution. 

This concentration was obtained by dissolving 0.8 g of SNP in 10 ml of sterile distilled water. 

The resulting SNP solution was then kept in the dark. 

2.2.2 Estimation of Minimum Inhibitory Concentration of SNP 

     Teh et al., provided a procedure for the Resazurin-based turbidometric test, which was used 

to determine the minimal inhibitory concentration (MIC) of SNP [9]. To summarise, double 

serial dilutions of SNP (40, 20, 10, 5, 2.5, 1.250, 0.625, 0.3126, 0.156, and 0.0781 mg/ml) were 

prepared in Mueller-Hinton broth using a 96-well microtiter plate. Then, each well received 20 

μl of bacterial suspension, which had been adjusted to a MacFarland 0.5 standard with  a 

turbidity of 1.5×10^8 CFU/ml and was thoroughly mixed. Following an overnight incubation 

period at 37°C, each well received 5 μl of resazurin (6.75 mg/ml), which was then added and 

incubated for an additional 4 hours at the same temperature. The lowest concentration before 

the observed colour change, from blue to pink, was determined to be the MIC.  

 

2.2.3 Preparation of polyvinyl alcohol / maleic anhydrate film 

     The polyvinyl alcohol solution (16 mg/ml) was prepared by dissolving 0.16 g of PVA 

(CDH, Indian) in 10 ml of distilled water using a hot plate with a magnetic stirrer at 85-90°C 

for 1hr until completely dissolved [10]. Then, 0.5 g of maleic anhydride was added to the PVA 

solution with the help of a magnetic stirrer, and a crosslinking reaction occurred at 120°C for 

30 min. The obtained clear solution was sterilized by filtration through a 0.22 mm membrane 

filter and transferred to 96-well polystyrene microtiter plates by spraying it onto the surface of 

the microtiter plate to form a soft layer of film. It was then left to dry for 2 days at 45°C. To 

prepare a mixture of SNP with PVA film, the  MIC of SNP was added to the clear solution of 

PVA /maleic anhydrate, then it was sprayed onto a polystyrene microtiter plate and left to dry 

for 2 days at 45°C to form a film.   

  

2.2.4 Effect of sodium nitroprusside mixed with PVA film on biofilm formation   

     In this study, a microtiter plate technique has been used to investigate how NO affected the 

production of biofilms on PVA film surfaces [11]. Three freshly cultured isolates from agar 

plates were inoculated in 10 ml of trypticase soy broth (TSB) with 1% glucose and compared 

at a 0.5 McFarland scale. The inoculated broth was then incubated at 37 °C for 18 hrs. The 

overnight- incubated bacterial suspension was then diluted 1:100 with fresh TSB by adding 

100 µl of bacterial suspension to 9900 µl of TSB. 

Each well of a sterile polystyrene tissue culture plate coated with a mixture of PVA and SNP 

was filled with 200 µl of diluted prepared bacterial suspension. Each isolate was inoculated in 

triplicate. The microliter plates were incubated for 24 hrs at 37°C. Each well's content was 

carefully removed by tapping the plates after incubation. To eliminate free-floating planktonic 

bacteria, the wells were twice cleaned with 200 µl of phosphate buffer saline. Adherent 

bacterial biofilms on the plate were fixed by incubating for 30 minutes at 37°C. A volume of 

200 µl of 1% crystal violet was then used to stain the wells for 15 minutes. Following three 

rinses with sterile distilled water to remove excess dye, the microtiter plates were allowed to 

dry for 45 minutes at room temperature. Thereafter, 200 µl  of ethanol solution was used to 

dissolve the dye linked to the adhering biofilm. The optical densities of the stained bacterial 

biofilm were measured using a micro-ELISA reader (BioTek, USA) at 630 nm wavelength 

after adding ethanol for 15 minutes. The same procedure was used to measure the biofilm 

formation capacity of bacterial isolates on microtiter plates coated with SNP-free PVA film. 

2.2.5 Effect of nitric oxide on biofilm formation associated with PVA-coated catheter  
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     Silicon foley catheter (100%) was cut into 1 cm-long pieces. After preparation of PVA / 

Maleic anhydrate solution and PVA/ Maleic anhydrate solution mixed with SNP. Afterwards, 

these solutions were poured into a Petri dish; each dish was used to impregnate 24 pieces in 

one day. Then, all pieces were dried and sterilized under a UV lamp overnight to be ready for 

use in determining the biofilm formation capacity on catheters coated with PVA film and a 

mixture of PVA film with SNP. Furthermore, twenty-four uncoated pieces were used to 

determine the capacity of biofilm formation on the uncoated catheter by placing them in a 96-

well polystyrene microtiter plate, while nine pieces served as a negative control and were 

processed as previously mentioned [11]. To distinguish between the isolates for adhesion 

values, the optical density cutoff (ODc) was applied (ODc = average OD of negative control + 

3× standard deviation (SD) of negative control) [12]. Weak adherence is indicated by optical 

density OD < 2*ODc, but strong biofilm and moderate adherence between them are indicated 

by 4*ODc ≤ OD [13].  

 

2.3 Expression of pelA, pslA, algD, nirS, and bdlA under nitric oxide stress  

2.3.1 Primer selection  

The primers grouped in Table 1 were utilized in this work. 

 

Table 1: Primers utilized in this work 

Genes Sequence 5' → 3' 
Product size 

(bp) 
Reference 

fbp 
F:  CCTACCTGTTGGTCTTCGACCCG 

R: GCTGATGTTGTCGTGGGTGAGG 
284 

[14] 

 

algD 

 

F-GCTCAACCTGTCGCGCTACT 

R-GAACTCGCCACCACTTCGTC 

423 

 

[15] 

 

pelA 
F-CCTTCAGCCATCCGTTCTTCT 

R-TCGCGTACGAAGTCGACCTT 

118 

 

[16] 

 

pslA 
F-ATAAGATCAAGAAACGCGTGGA 

R-TGTAGAGGTCGAACCACACCG 
146 [16] 

nirS 

 

F: CGGCCGAAGAAACAGCTCAACGAC 

R: AGTAGGCGCCGGCGATGGTGTAG 

328 

 

[17] 

 

bdlA 
F: TCAAGGTGGTCAAGTACGCC 

R: ATGGTGGCGAGGAAGTTGTC 
154 [18] 

 

2.3.2 RNA Extraction of Pseudomonas aeruginosa 

     RNA was recovered from the P. aeruginosa biofilm using the TransZol Up Plus RNA Kit 

(Transgen/China). The Nanodrop instrument was utilised to measure the concentration and 

purity of the extracted RNA.  After that, RNA was converted to cDNA using EasyScript® 

First-Strand cDNA synthesis SuperMix (TransGen Biotech, China). 
 

2.3.3 Gene Expression 

     The levels of gene expression for genes under investigation were measured, and the results 

were normalized using fbp. Once the reaction mixture preparation was complete (Table 2), the 

tubes were placed into the thermal cycler, which had been set up as shown in Table 3. 

Table 2: Quantitative RT-PCR (qPCR) 

Reagent Volume (µl) 

Master Mix 10 

Forward Primer (20X) 0.5 

Reverse Primer (20X) 0.5 

cDNA (100 ng) 8 

Nuclease-Free Water 1 
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Table 3: The protocol of qPCR  

Step Temperature (°C) Time (seconds) Cycles 

Initial Denaturation 94 30 1 

Denaturation 94 5 
45 

Extension 60 35 

Melt Curve 90 15 100 

2.4 Statistical Analysis  

      Each experiment was conducted with three iterative trials, and the findings were analysed 

using GraphPad Prism 9.5.1. Kolmogorov-Smirnov and Shapiro-Wilk tests were performed to 

test the normal distribution of data. To determine the mean and standard deviation, the research 

parameters were assessed for their influence. The T-test was utilised to assess the impact of 

nitric oxide on biofilm. P-values less than 0.05 were considered significant. A fold change of 

<2 was considered insignificant based on the criterion of Rasigade et al., [19].  

 

3. Results and discussion 

3.1 Biofilm formation 

     All eight isolates displayed strong biofilm, as depicted in Figure 1. According to Shatti, et 

al ., [20], 100% of the isolates under study have the ability to form biofilms. However, 19, 12, 

and 9 isolates out of 40 developed strong, moderate and weak biofilms, respectively. In a study 

conducted by Al-Maeni [21], 20 isolates of P. aeruginosa were classified into three groups 

based on their biofilm-forming abilities: weak, moderate, and strong biofilm formers. As well 

as in research by Nader et al.,  [22], which revealed that 31/37 (83.78%) isolates produced 

biofilm, and the remaining 6 isolates were non-biofilm producers when assayed by microtiter 

plate assay.  

 
Figure 1: Microtiter plate revealing biofilm of Pseudomonas aeruginosa isolates; PA1=(A1-

A10), PA2 =(B1-B10), PA3= (C1-C10), PA4=(D1-D10), PA5=(E1-E10), PA6=(F1-F10), 

PA6=(F1-F10), PA7=(G1-G10), PA8=(H1-H10), controls represented in wells (A11-H11) and 

(A12-H12). 

 

3.2 Estimation of minimum inhibitory concentrations of sodium nitroprusside 

     The MICs of SNP were demonstrated in a range of 1.25-0.312 mg/ml, whereas the mixing 

of PVA with SNP led to a decrease in the MICs of SNP in a range of 0.625-0.156 mg/ml. Note 

that the PVA alone has no effect against isolates of P. aeruginosa (Figure 2). Nitric oxide is 

bonded to a transition metal to form metal nitrosyl complexes. SNP, a representative NO donor 

of this class of compound, has been used clinically for a long time to treat cardiovascular and 

high blood pressure conditions. Recent findings by Al-Qaissy and Al-Khafaji [23] highlighted 

that most of the P. aeruginosa isolates demonstrated resistance to the commonly used 
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antibiotics ceftazidime and ceftriaxone. Their study further indicated that bacterial horizontal 

gene transfer plays a key role in the emergence of antibiotic resistance in P. aeruginosa, which 

is responsible for respiratory infections. In another study investigating plasmid-associated 

fluoroquinolone resistance in nosocomial P. aeruginosa isolated from burn wound infections, 

the findings suggested that the plasmid content of P. aeruginosa could be a preliminary 

predictor for fluoroquinolone-based treatment protocols of nosocomial infections [24].   

 

     Using SNPs has been demonstrated to enhance antibiotic or antimicrobial treatment in 

Gram-negative bacteria, such as P. aeruginosa, and to prevent biofilm formation and biofilm 

dispersal [25].  Several single-species biofilms and multispecies biofilms, including those found 

in cystic fibrosis sputum, have been demonstrated to be efficiently dispersed by SNP at 500 

nM [26]. 

 
Figure 2: (A) Serial double concentrations of polyvinyl alcohol against eight isolates of P. 

aeruginosa (16-0.0156 mg/ml), there is no effect on these isolates, (B) serial dilution of SNP 

concentrations against 8 isolates of P. aeruginosa,  the MIC was represented at range of1.25-

0.312 mg/ml, (C) mixing of polyvinyl alcohol with sodium nitroprusside results in decreasing 

the MICs of sodium nitroprusside in a range of 0.625-0.156 mg/ml. In all these figures (A, B, 

and C), bacterial isolate PA1 is represented in wells (A1-A10), PA2 in (B1-B10), PA3 in (C1-

C10), PA4 in (D1-D10), PA5 in (E1-E10), PA6 in (F1-F10), PA7 in (G1-G10), and PA8 in 

(H1-H10). Wells (A11-H11) represent the negative controls, while wells (A12-H12) indicate 

the positive controls.   

 

3.3 Effect of ½MIC of sodium nitroprusside mixed with PVA /MA film on biofilm formation   

     This study may be considered the first to demonstrate the incorporation of SNPs with 

PVA/MA film and evaluate the effect of the mixture on biofilm establishment by P. 

aeruginosa. The results displayed a highly significant effect of the mixture in inhibiting biofilm 

formation compared to the blank (PVA/ MA) film and uncoated polystyrene, as shown in 

Figures 3 and 4.   

Luo et al., [27] highlighted that NO-releasing self-healing hydrogels of PVA/ 

polyethyleneimine (PEI) have a significant effect in inhibiting the development of P. 

aeruginosa biofilm, making them a potentially effective treatment option for wounds afflicted 
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by bacteria or biofilm. The NO-releasing self-healing hydrogels were prepared by embedding 

PEI into PVA hydrogels. As well as the incorporation of nitric oxide donor into the self-healing 

hydrogel dressing consisting of PVA/borax (PVA/B) and carboxymethyl chitosan (cmCHI), 

exhibited a threefold increase in antibiofilm activity, greater than that of the blank self-healing 

hydrogel (PVA-B-cmCHI) by inhibiting 80% of the biofilm formation [28]. PVA and chitosan 

crosslinked blends loaded with silver nanoparticles produced hydrogels that have greatly 

increased the antibacterial and inhibitory action against PVA biofilms [29].   

Figure 3: Biofilm formation capacity of eight isolates of P. aeruginosa on a microtiter plate 

coated with (A) Polyvinyl alcohol film and (B) the effect of sodium nitroprusside on biofilm 

formation of P. aeruginosa isolates on Polyvinyl alcohol film-coated microtiter plate. 

Polystyrene PVA SNP-treated PVA
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O
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P < 0.0001

P < 0.0001

 
Figure 4: A highly significant effect of the mixture (Polyvinyl alcohol; PVA and sodium 

nitroprusside; SNP) against biofilm formation of Pseudomonas aeruginosa in comparison to 

the blank PVA film-coated polystyrene microtiter plate and uncoated microtiter plate.  OD630 

refers to the optical density measured at 630 nm.  

3.4 Effect of nitric oxide on biofilm formation associated with PVA/MA film-coated catheter    

     One of the medical applications of using PVA/MA film was considered in coating urinary 

catheters. In this research, the SNP was used as an NO donor. As a result, the NO-releasing 
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PVA/MA film-coated catheter has a highly significant effect on preventing biofilm 

development, as shown in Figure 5. It has been developed to use polymer coatings that enable 

the manipulation of NO release, controlled by metal nitrosyls [26]. 

 

     According to a study by Ran et al., [30], PEG (polyethylene glycol)/ PVA-coated catheters 

have the potential to regulate drug release rates for urinary catheterization to a desired level, 

with the expansion of research on the use of dispersion agents to eliminate medical biofilms. 

In another study, the role of nitric oxide in reducing biofilm was assessed using a combination 

of electrochemical NO release technology with antimicrobial medicines to treat hospital 

biofilm-associated infection situations, particularly infections resulting from intravascular 

catheters [31]. Additionally, the 3D-printed seconidazole catheter disrupted biofilms and 

inhibited all virulence components mediated by quorum sensing of two significant keystone 

pathogens that cause UTIs [32].   

 
 Figure 5: Pseudomonas aeruginosa biofilm formed on catheter pieces. (a) Photograph 

showing stained biofilm on catheter pieces in four different groups: A, negative control of 

biofilm formation of P. aeruginosa on the catheter; B, NO-releasing-PVA/MA film-coated 

catheter; C, biofilm formed on PVA/MA film-coated catheter; and D, biofilm formed on the 

uncoated catheter. (b) Box plot demonstrating the biofilm intensity across these groups, with 

data presented as the median and interquartile ranges.   

    

3.5 Effect of SNP mixed with PVA on the expression of pelA, pslA, algD, nirS and bdlA genes.  

     This study, for the first time, has revealed the effect of PVA and the mixture of SNP with 

PVA on the expression of P. aeruginosa biofilm-forming genes and genes that are involved in 

the regulation of biofilm formation, given that these genes are the most responsible genes in 

the biofilm of P. aeruginosa [33]. 

 

     The results shown in Figure 6 are as follows: pelA demonstrated a significant 

downregulation after exposure to ½MIC of SNP, while it revealed a highly significant 

downregulation after exposure to a mixture of SNP with PVA compared to PVA alone. 
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     The pslA gene showed significant downregulation after exposure to ½MIC of SNP and 

downregulation when exposed to a mixture of SNP with PVA compared to PVA. While the 

algD gene is represented as non-significant downregulation after exposure to SNP mixed with 

PVA in comparison to PVA only. The mean of gene expression of the algD gene was 0.230 ± 

0.172 after exposure to SNP; furthermore, it reached 0.380± 0.166 when exposed to a mixture 

of PVA and SNP, while the mean of gene expression when exposed to PVA alone was 0.415 

± 0.241. nirS gene expression has displayed non-significant upregulation after exposure to SNP 

and the mixture of SNP with PVA, as represented by the means (1.972 ± 0.7359) and (1.667 ± 

0.7960), respectively, compared to the PVA solution, which represented 1.510 ± 0.815. In the 

presence of SNP, a P. aeruginosa strain deficient in NIR does not disperse, whereas a NO 

reductase mutant displays a hyperdispersal phenotype. Through the induction or suppression 

of the expression of the complete denitrification pathway, NO itself may exert feedback 

regulation in P. aeruginosa.  

Involving the genes nirS and norCB, through direct interactions with the regulators ANR 

(repression) [34] and DNR (induction) [35].    

Markedly, the results of gene expression for bdlA demonstrated non-significant upregulation 

after exposure to SNP (fold change = 2.435 ± 1.666) and the SNP/PVA mixture (fold change 

= 2.176 ±1.802). In comparison, the PVA alone scored a fold change of 1.282 ± 0.869. 

 

     It has been demonstrated that the bdlA chemotaxis regulator plays a role in the nitric oxide-

mediated dispersal of biofilms [ 71 ]. The concentration of ci-di-GMP decreases as a result of 

nitric oxide activating phosphodiesterase enzymes (PDEs). Numerous studies have been 

conducted on the ci-di-GMP signaling pathway in P. aeruginosa. The chemotaxis sensor BdlA 

detects NO in this organism, activating PDEs, DipA and RbdA. Degrading matrix enzymes 

like the endonuclease EndA are also produced in greater quantities as the concentration of c-

di-GMP decreases. The matrix components are consumed by the secreted matrix-degrading 

enzymes, leading to the dispersion of cell from the biofilm [36]. Another family of heme-based 

NO-binding proteins, known as NO-sensing proteins (NosP), has been identified in P. 

aeruginosa. According to experiments, NosP binds to NO, which regulates the phosphorylation 

of a phosphotransfer domain containing histidines, causing biofilm dispersal [37]. It is 

important to acknowledge certain limitations that may influence the broader interpretation and 

applicability of these findings. Firstly, only eight clinical isolates of P. aeruginosa were used, 

which might limit the generalizability of the findings to all strains of the bacteria. Secondly, 

the experiments were conducted under laboratory conditions (using microtiter plates and 

catheter pieces), which do not fully mimic the complex in vivo environment within a living 

organism, including immune responses and nutrient availability.  
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Figure 6: Fold change in gene expression of  (a)  pelA, (b) pslA, (c) algD, (d) bdlA, and (e) 

nirS after exposure to Polyvinyl alcohol, sodium nitroprusside and a mixture of Polyvinyl 

alcohol and sodium nitroprusside. 
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4. Conclusion  

     The key findings demonstrated that these NO-PVA films significantly reduced biofilm 

formation on both microtiter plates and catheter pieces, surpassing the effects of PVA alone or 

uncoated surfaces. Furthermore, the incorporation of SNP into PVA films decreased the 

minimum inhibitory concentrations (MICs) of SNP. When exposed to NO and NO-PVA 

combinations, the study found that the genes pslA and pelA, which are essential for the 

development of biofilm matrix, were significantly downregulated. Although bdlA did not 

exhibit a significant increase, its biological significance is suggested by its recognized function 

as a chemotaxis regulator in NO-mediated biofilm dispersal.  Overall, the NO-releasing PVA 

films effectively inhibit P. aeruginosa biofilm formation, providing promising evidence for 

their potential use in various medical applications, particularly for preventing medical device-

associated infections. 

 

5. Acknowledgements 

     The authors would like to express their gratitude to the Department of Biology, College of 

Science, University of Baghdad, Baghdad, Iraq, for their support in completing this 

investigation. 

 

Conflict of interest 

     The authors declare no conflict of interest 

 
References 

[1] Z. H. Shehab, S. T. Ahmed, and N. M. Abdallah, "Genetic variation of pilB gene in Pseudomonas 

aeruginosa isolated from Iraqi patients with burn infections," Annals of Tropical Medicine and 

Public Health, vol. 23, no. 16, pp. 1–12, 2020. http://dx.doi.org/10.36295/ASRO.2020.231615. 

[2] D. K. AlRawi and H. M. Mahmood, "Prevalence of biofilm genotype pattern (algD −/pslD −/pelF 

−) with multidrug-resistant in clinical local Pseudomonas aeruginosa isolates," Indian Journal of 

Forensic Medicine & Toxicology, vol. 16, no. 1, pp. 381–391, 2022. 

DOI:10.37506/ijfmt.v16i1.17484 

[3] S. Navarro, E. Sherman, J. A. Colmer-Hamood, T. Nelius, M. Myntti, and A. N. Hamood, "Urinary 

catheters coated with a novel biofilm preventative agent inhibit biofilm development by diverse 

bacterial uropathogens," Antibiotics, vol. 11, no. 11, p. 1514, 

2022.  https://doi.org/10.3390/antibiotics11111514 

[4] B. N. Rubini and P. Vedha Nithyanand, "Chitosan-coated catheters alleviate mixed-species 

biofilms of Staphylococcus epidermidis and Candida albicans," Carbohydrate Polymers, vol. 252, 

p. 117192, 2021. https://doi.org/10.1016/j.carbpol.2020.117192. 

[5] M. Zhao, S. Geng, L. Zhang, X. Fan, F. Tong, X. Meng, T. Wang, X. Fang, Q. Mei,  and A. Pan, 

"Prevention of urinary tract infection using a silver alloy hydrogel-coated catheter in critically ill 

patients: A single-center prospective randomized controlled study," Journal of Intensive Medicine, 

vol. 4, no. 1, pp. 118–124, 2024. DOI: 10.1016/j.jointm.2023.06.003 

[6] W. Poh and S. Rice, "Recent developments in nitric oxide donors and delivery for antimicrobial 

and anti-biofilm applications," Molecules, vol. 27, no. 3, pp. 674–683, 2022. 

https://doi.org/10.3390/molecules27030674. 

[7] I. Gholamali, M. Asnaashariisfahani, and E. Alipour, "Silver nanoparticles incorporated in pH-

sensitive nanocomposite hydrogels based on carboxymethyl chitosan-poly (vinyl alcohol) for use 

in a drug delivery system," Regenerative Engineering and Translational Medicine, vol. 6, pp. 138–

153, 2020.  

[8] N. Asthana, K. Pal, A. A. A. Aljabali, M. M. Tambuwala, F. G. de Souza, and K. Pandey, 

"Polyvinyl alcohol (PVA) mixed green clay and aloe vera based polymeric membrane 

optimization: Peel-off mask formulation for skin care cosmeceuticals in green nanotechnology," 

Journal of Molecular Structure, vol. 1229, p. 129592, 2021. 

https://do.org/10.1016/j.molstruc.2020.129592 

http://dx.doi.org/10.36295/ASRO.2020.231615
http://dx.doi.org/10.37506/ijfmt.v16i1.17484
https://doi.org/10.3390/antibiotics11111514
https://doi.org/10.1016/j.carbpol.2020.117192
https://doi.org/10.1016/j.jointm.2023.06.003
https://doi.org/10.3390/molecules27030674
https://do.org/10.1016/j.molstruc.2020.129592


Abdulrahman and Al-Mathkhury.                         Iraqi Journal of Science, 2026, Vol. xx, No. x, pp: xx  

 

 

[9] B. Vieira-da-Silva and M. Castanho, "Resazurin reduction-based assays revisited: Guidelines for 

accurate reporting of relative differences on metabolic status," Molecules, vol. 28, no. 5, p. 2283, 

2023. https://doi.org/10.3390/molecules28052283. 

[10] M. A. Sangamesha, K. Rajanna, V. K. Shivaraju, and B. S. Madhukar, "Preparation and 

characterization of down-converting poly (vinyl alcohol)/PANI@ CuS hybrid nanocomposites for 

optoelectronic application," Chemistry of Inorganic Materials, vol. 1, p. 100025, 2023. 

https://doi.org/10.1016/j.cinorg.2023.100025 

[11] G. A. Costa, F. C. Rossatto, A. W. Medeiros, A. P. F. Correa, A. Brandelli, A. P. G. Frazzon, and 

A. D. S. D. Motta, "Evaluation of antibacterial and antibiofilm activity of the antimicrobial peptide 

P34 against Staphylococcus aureus and Enterococcus faecalis," Anais da Academia Brasileira de 

Ciências, vol. 90, no. 1, pp. 73–84, 2018.  https://doi.org/10.1590/0001-3765201820160131  

[12] I. Skiba-Kurek, P. Nowak, J. Empel, M. Tomczak, J. Klepacka, I. Sowa-Sierant, I. Żak, B. 

Pomierny, and E. Karczewska, "Evaluation of biofilm formation and prevalence of multidrug-

resistant strains of Staphylococcus epidermidis isolated from neonates with sepsis in Southern 

Poland," Pathogens, vol. 10, no. 7, pp. 877–886, 2021. 

https://doi.org/10.3390/pathogens10070877. 

[13] A. A. Muhaimeed and A. M. Ghareeb, "Prevalence of multi-antibiotic resistance marA and quorum 

sensing luxS genes and evaluation of biofilm formation in uropathogenic Escherichia coli," Iraqi 

Journal of Biotechnology, vol. 22, pp. 252–261, 2023. 

[14] M. E. Ahmed, K. K. Alzahrani, N. M. Fahmy, H. H. Almutairi, Z. H. Almansour, and M. W. Alam, 

"Colistin-conjugated selenium nanoparticles: A dual-action strategy against drug-resistant 

infections and cancer," Pharmaceutics, vol. 17, no. 5, p. 556, 2025. 

https://doi.org/10.3390/pharmaceutics17050556. 

[15] N. M. Hamid and A. S. A. W. Al-Dhamin, "Expression of algD gene in single- and dual-species 

biofilms of Pseudomonas aeruginosa and Staphylococcus aureus under starvation stress," Tropical 

Journal of Natural Product Research, vol. 7, no. 1, pp. 2152–2156, 2023.  

https://doi.org/10.26538/tjnpr/v7i1.10. 

[16] K. M. Colvin, Y. Irie, C. S. Tart, R. Urbano, J. C. Whitney, C. Ryder, P. L. Howell, D. J. Wozniak, 

and M. R. Parsek, "The Pel and Psl polysaccharides provide Pseudomonas aeruginosa structural 

redundancy within the biofilm matrix," Environmental Microbiology, vol. 14, pp. 1913–1928, 

2012. https://doi.org/10.1111/j.1462-2920.2011.02657.x 

[17] N. Barraud, D. Schleheck, J. Klebensberger, J. S. Webb, D. J. Hassett, S. A. Rice, and S. 

Kjelleberg, "Nitric oxide signaling in Pseudomonas aeruginosa biofilms mediates 

phosphodiesterase activity, decreased cyclic di-GMP levels, and enhanced dispersal," Journal of 

Bacteriology, vol. 191, no. 23, pp. 7333–7342, 2009. https://doi.org/10.1128/jb.00975-09 

[18] Z. T. Abdulrahman and H. J. F. Al-Mathkhury, "Variability in gene expression of bdlA and nirS 

in Pseudomonas aeruginosa under nitric oxide induction," Medical Journal of Babylon, in press, 

2024. 

[19] J. P. Rasigade, A. Moulay, Y. Lhoste, A. Tristan, M. Bes, F. Vandenesch, J. Etienne, G. Lina, F. 

Laurent, and O. Dumitrescu, "Impact of sub-inhibitory antibiotics on fibronectin-mediated host 

cell adhesion and invasion by Staphylococcus aureus," BioMed Central Microbiology, vol. 11, pp. 

1–9, 2011. DOI: 10.1186/1471-2180-11-263 

[20] H. H. Shatti, W. M. Al-Saeed, and M. I. Nader, "Effect of biofilm formation in Pseudomonas 

aeruginosa resistance to antibiotics," Mustansiriya Medical Journal, vol. 21, pp. 13–17, 2022. 

DOI: 10.4103/MJ.MJ_11_21 

[21] M. A. R. Al-Maeni, "Detecting the variation in the lasI gene and their relation with biofilm in 

Pseudomonas aeruginosa isolates," Iraqi Journal of Science, vol. 65, no. 1, pp. 79–89, 2024. 

https://doi.org/10.24996/ijs.2024.65.1.8 

[22] M. I. Nader, A. A. Kareem, A. M. N. Rasheed, and M. A. Issa, "Biofilm formation and detection 

of pslÁ gene in multidrug-resistant Pseudomonas aeruginosa isolated from Thi-Qar, Iraq," Iraqi 

Journal of Biotechnology, vol. 16, no. 4, 2017. 

[23] O.S. Al-Qaissy and A. S. Al-Khafaji , Emergence of multidrug resistant bacteria among patients 

with respiratory tract. Iraqi Journal of Agricultural Sciences, vol. 54, no.6, pp. 1594-1602, 2023. 

https://doi.org/10.36103/ijas.v54i6.1860 

https://doi.org/10.1016/j.cinorg.2023.100025
https://doi.org/10.1590/0001-3765201820160131
https://doi.org/10.1111/j.1462-2920.2011.02657.x
https://doi.org/10.1128/jb.00975-09
https://doi.org/10.24996/ijs.2024.65.1.8
https://doi.org/10.36103/ijas.v54i6.1860


Abdulrahman and Al-Mathkhury.                         Iraqi Journal of Science, 2026, Vol. xx, No. x, pp: xx  

 

 

[24] S. Fadhel Abb, A. S. Al-Khafaji, and H.M Radif, Investigation of plasmid-associated 

fluoroquinolone resistance in nosocomial Pseudomonas aeruginosa isolated from infected burn 

wounds. Journal of Biological Sciences, vol. 18, no 8, pp. 514-

519,2018.  https://doi.org/10.3923/jbs.2018.514.519 

[25] J. Wille and T. Coenye, "Biofilm dispersion: The key to biofilm eradication or opening Pandora’s 

box?," Biofilm, vol. 2, p. 100027, 2020. https://doi.org/10.1016/j.bioflm.2020.100027. 

[26] A. Ordek and F. Gordesli-Duatepe, "Impact of sodium nitroprusside concentration added to batch 

cultures of Escherichia coli biofilms on the c-di-GMP levels, morphologies and adhesion of 

biofilm-dispersed cells," Biofouling, vol. 38, no. 8, pp. 796–813, 2022. 

https://doi.org/10.1080/08927014.2022.2131399. 

[27] Z. Luo, G. Ng, Y. Zhou, C. Boyer, and R. Chandrawati, "Polymeric amines induce nitric oxide 

release from S-nitrosothiols," NANO-MICRO Small, vol. 19, no. 13, p. 2200502, 

2023. https://doi.org/10.1002/smll.202200502  

[28] N. Hasan, W. Luthfiyah, J. Palungan, M. Ullah, A. Z. Mustopa, M. Nurfatwa, H. Irawan, U. Usmar, 

A. Putrant.o, and J. W. Yoo, "Nitric oxide-releasing self-healing hydrogel for antibacterial and 

antibiofilm efficacy against polymicrobial infection," Future Microbiology, vol. 19, no. 18, pp. 

1559–1571, 2024. https://doi.org/10.1080/17460913.2024.2411817 

[29] R. T. Alfuraydi, F. M. Alminderej, and N. A. Mohamed, "Evaluation of antimicrobial and anti-

biofilm formation activities of novel poly (vinyl alcohol) hydrogels reinforced with crosslinked 

chitosan and silver nanoparticles," Polymers, vol. 14, no. 8, p. 1619, 

2022.  https://doi.org/10.3390/polym14081619 

[30] P. Ran, B. Qiu, H. Zheng, S. Xie, G. Zhang, W. Cao, and X. Li, "On-demand bactericidal and self-

adaptive antifouling hydrogels for self-healing and lubricant coatings of catheters," Acta 

Biomaterialia, vol. 186, pp. 215–228, 2024. https://doi.org/10.1016/j.actbio.2024.03.030. 

[31] M. Ashcraft, M. Douglass, M. Garren, A. Mondal, L. E. Bright, Y. Wu, and H. Handa, "Nitric 

Oxide-Releasing Lock Solution for the Prevention of Catheter-Related Infection and Thrombosis," 

ACS Applied Bio Materials, vol. 5, no. 4, pp. 1519–1527, 2022, doi: 10.1021/acsabm.1c01272 

[32] M. Archana, D. Rubini, K. P. Dharshini, B. N. V. Hari, S. Jayasankari, D. Ramyadevi, W. 

Gonciarz, A. Domańska , M. Brzeziński, and P. Nithyanand ,“Development of an anti-infective 

urinary catheter composed of polyvinyl alcohol/sodium alginate/methylcellulose/polyethylene 

glycol by using a pressure-assisted 3D-printing technique,” International Journal of Biological 

Macromolecules, vol. 249, p.126029, 2023. https://doi.org/10.1016/j.ijbiomac.2023.126029 

[33] R. E. Farhan, S. M. Solyman, A. M. Hanora, and M. M. Azab, “Molecular detection of different 

virulence factors genes harbor pslA, pelA, exoS, toxA and algD among biofilm-forming clinical 

isolates of Pseudomonas aeruginosa,” Cellular and Molecular Biology (Noisy-le-grand), vol. 69, 

no. 5, pp. 32–39, 2023, doi: 10.14715/cmb/2023.69.5.6. 

[34] S. S. Yoon, A. C. Karabulut, J.D. Lipscomb, R. F. Hennigan S. V. Lymar, S. L. Groce, A. B. 

Herr,M. L. Howell, P. J. Kiley, M. J. Schurr, B. Gaston, K. H. Choi, H. P.  Schweizer , and D. J. 

Hassett, “Two-pronged survival strategy for the major cystic fibrosis pathogen, Pseudomonas 

aeruginosa, lacking the capacity to degrade nitric oxide during anaerobic respiration,” European 

Molecular Biology Organization, vol. 26, pp.3662–3672, 2007. 

https://doi.org/10.1038/sj.emboj.7601787 

[35] G. Giardina, S. Rinaldo, K. A. Johnson, A. Di Matteo, M. Brunori, and F. Cutruzzola, “NO sensing 

in Pseudomonas aeruginosa: structure of the transcriptional regulator DNR,” Journal of Molecular 

Biology, vol.378, pp.1002–1015, 2008. https://doi.org/10.1016/j.jmb.2008.03.013 

[36] Y. Li ,O.E. Petrova, S. Su, G.W. Lau, W. Panmanee , R. Na ,D. J. Hassett, D. G. Davies, and K. 

Sauer, “BdlA, DipA and induced dispersion contribute to acute virulence and chronic persistence 

of Pseudomonas aeruginosa,” PLoS Pathogens, vol. 10, 2014. https://doi.org/10.1371/ 

journal.ppat.1004168. 

[37] J. Fu, S. Hall, and E. M. Boon, "Recent evidence for multifactorial biofilm regulation by heme 

sensor proteins NosP and H-NOX," Chemistry Letters, vol. 50, no. 5, pp. 1095–1103, 2021, doi: 

10.1246/cl.200945.  

https://doi.org/10.3923/jbs.2018.514.519
https://doi.org/10.1016/j.bioflm.2020.100027
https://doi.org/10.1080/08927014.2022.2131399
https://doi.org/10.1002/smll.202200502
https://doi.org/10.1080/17460913.2024.2411817
https://doi.org/10.3390/polym14081619
https://doi.org/10.1038/sj.emboj.7601787
https://doi.org/10.1016/j.jmb.2008.03.013

