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Abstract 

Acinetobacter baumannii is a common Gram –negative, non-fermenting coccobacillus. Bacteria can 
live in blood, urine, skin, soft tissues, lungs, digestive tract, wounds, and brain. Form a biofilm and 
efflux pumps and is quite resistant to several drugs. The study proposed to consider the A. baumanni 
prevalence in different infections, to determine the MIC of ciprofloxacin, use molecular methods 
(PCR) to find genes, effect of ciprofloxacin, curcumin, and Capsaicin on Ggene expression of 
Quorum Sensing (QS). From October 8, 2025, to January 1, 2026, 160 l specimens were taken from 
different infections at Iraq's Baqubah Teaching Hospital.  
The results showed that 20 of the isolates (12.5% of the total) had a positive growth rate for A. 
baumannii. The samples were sorted by where they came from: wounds, sputum, burns, and urine 
were 15%, 45%, 30%, 10% respectively. The study found the fold change values following treatment 
with ciprofloxacin, curcumin, and capsaicin, for the abaI gene were 0.7239, 0.0236, and 0.1453, 
respectively, while the change for abaR gene was 0.7100, 0.0122, and 0.3927, respectively. The 
effect of sub-MIC combination of ciprofloxacin with curcumin was more than with capsaicin, where 
the fold change values were recorded 0.0528 and 1.6353, respectively for abaI, while 0.0729   and 
2.0507 for abaR gene. 
The conclusion of this study is that the fold change value of quorum sensing abaI, abaR genes 
significantly changed, and after treatment with ciprofloxacin, curcumin, and capsaicin, in addition, 
the significant effect of ciprofloxacin and curcumin mixture gives promising ideas for suggesting 
alternative strategies to lowering the virulence factors controlled by QS, such as biofilm formation to 
resolve the antibiotics resistance problem for A . Baumannii isolates. 
Keyword: Acinetobacter baumannii, Antibiotic, capsaicin, curcumin, Quorum Sensing genes. 

1. Introduction 
A. baumannii is a coccobacillus; Gam-negative that does not ferment lactose. It is common in nature 
and endemic in hospitals. This species is considered one of the most dangerous and prevalent MDR 
pathogens, which are the main reason for hospital-acquired infections in hospitals all over the world 
it is found worldwide. Found in medical equipment and surfaces, in addition, it possesses a high 
degree of environmental adaptability and drug resistance [1], [2]. It is one of the most powerful 
problematic multidrug-resistant bacteria and is responsible for about 500 deaths and 7300 infection 
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cases per year [3]. A. baumannii causes burn infection, when complications treatment becomes a 
difficult problem.  

Other infections include septicemia when the bacteria reach the bloodstream and cause a 
systemic infection. Bacterial infections have also been connected to extended prolonged catheter use 
and antibiotic therapy [4]. Inside hospitals' critical care units, in hospital intensive care units, the 
mortality rate among patients with MDR infections was 26%; however, it increased to 43% in severe 
cases. In hospitals, the high rate of mortality among infections with multidrug resistance is up to (26 
%) however, it increased to 43% [5]. The important pathogenesis factor found in bacteria is an outer 
membrane proteins (OMPs), which allow the bacteria to penetrate host epithelial cells and attach 
themselves to the host cells, releasing apoptotic factors in response to these proteins, resulting in cell 
death  [6]. Capsular exopolysaccharides shield the pathogen from host-mediated and environmental 
stressors, and their makeup composition dictates the level of virulence [7].  

A. baumannii isolates rapidly acquire resistance to antibiotics, that result in difficult of infections. 
This reflects the importance of investigating alternative antimicrobial targets for these bacterial 
isolates [8]. Furthermore, it can develop biofilms on non-living surfaces as well as living surfaces, 
which allows it to survive on surfaces that would normally be unsuitable for it, such as medical 
devices and hospital floors. It also has a wide variety of efflux pumps. The fact that antimicrobial 
medicine agents take longer to reach the biofilm and that those microorganisms grow more slowly 
inside the biofilm are two of the several major factors that make bacteria associated with biofilms 
more drug-resistant [9]. lipase enzyme, important virulence factors in bacteria that aid in the invasion 
and spread of bacteria, as well as the subsequent evolution of infection by breaking down the host's 
tissues [10]. 

Communication of one bacterium with another by quorum sensing (QS), through signalling 
molecules called autoinducers (AIs) that are located outside the cell. The release of bioluminescence, 
competence, spore formation, antibiotic synthesis, and formation of biofilm are all controlled by 
(QS) [11]. If this bacterial communication system is disrupted, it could reduce many virulence 
factors at once [12]. To inhibit QS, phytochemical compounds control how bacteria produce AHL. It 
is believed that the inhibition effects by these agents occur through either competing with or 
speeding up the breakdown of receptors of the LuxR/LasR that AHL molecules bind, or by 
preventing AHL activity altogether due to their similar structures [13]. Capsaicin is a bioactive 
alkaloid compound that is found in many species of peppers. It can stop the growth of microbes and 
has cardioprotective, antioxidant, neuroprotective, and cancer-fighting properties [14]. 

Our study aimed to isolate and identify A. baumannii from different infections, test whether or not 
these isolates could express efflux pumps, conduct a molecular study to find QS genes (abaI, abaR), 
to research the impact of ciprofloxacin, curcumin, and capsaicin on the gene expression of these 
genes when used as quorum sensing inhibitors either alone or in combination. Ciprofloxacin 
selection due to the absence of study for their effect in combination with curcumin and capsaicin on 
QS of A. baummanii, in addition to a previous study, revealed the higher synergistic effect of 
ciprofloxacin with curcumin and other bioactive compounds on another bacterial spp.   
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2. Materials And Methods 

2.1 A. baumannii isolation and Identification  

One hundred sixty pathogenic samples were collected from patients in Baquba Teaching Hospitals 
between October 8, 2025, and January 1, 2026. These specimens included sputum, urine, burn and 
wound swabs, and other clinical specimens. Infection location, age, sex, and patient name were 
documented. The samples were placed on MacConkey agar and incubated at optimum temperature 
(37°C0 for 24 hrs after inoculation. The growth colonies that were suspected to form were thereafter 
moved to chromium CHROM agar and left to incubate at 37°C for another 24 hours. Colony features 
and staining were used to identify distinct isolates. A. baumannii isolates were identified using a 
battery of biochemical tests, including the IMViC tests, catalase, and oxidase test [15]. For the 
purpose of very accurate bacterial identification, the automated VITEK-2 system was employed. 
Afterwards, the Gram-negative VITEK-2 ID-GN card and the bacterial tubes were carefully inserted 
into the VITEK-2 apparatus. The program was operated in accordance with the guidelines given by 
Biomerieux, a French firm [16]. 

2.2 Minimum Inhibitory Concentration (MIC) 

A microtiter plate method was used for the determination of the MIC of ciprofloxacin, curcumin, and 
capsaicin. Antimicrobial agents were diluted in Mueller Hinton Broth to prepare the following 
concentrations: 2, 4, 8, 16, 32, 64, 128, 256, 512, 1024 µg /mL. Then, add 50 µL to each well except 
for the negative control wells, which were inoculated with 50 µL of a bacterial suspension. For the 
past 18–24 hours, microtiter plates have been placed in optimum temperature for growth (37°C). The 
colour of the resazurin broth test was altered from blue to pink using the lowest amount of dye, 20 
µL, which was added to each well, followed by further incubation for 2 to 4 hours [17]. 

2.3 Efflux Pump investigation 

Determining the efflux pumps action for isolates (Cartwheel technique), Ethidium Bromide agar was 
used. The following test was conducted in order to find out whether Efflux pumps were present [18], 
5 milliliters of an appropriate liquid broth were used to cultivate the bacterial isolates overnight at 
37ºC.  Concentrations of 0.5, 1, 1.5,2, and 2.5 µg/mL from EtBr in Tryptic soy agar plates protected 
from light and streaked from bacterial suspension.  Dry plates at room temperature, then place them 
in the incubator at 37°C overnight. The results were then examined under ultraviolet light with a UV 
transilluminator. 

2.4 Molecular Study 

2.4.1 Gene detection by polymerase chain reaction (PCR) 

Molecular study was the detection of three genes detection including the A. baumanii identification 
gene (blaOXA-51), two QS genes abaI and abaR, in ten Isolates with the following steps: 

A genomic DNA purification kit (USA, Promega) was used for genomic DNA extract action, we 
isolated genomic DNA from A. baumannii isolates. We then used a NanoDrop spectrophotometer to 
check the DNA purity.  Following this, the genomic DNA was quantified and then preserved at -
20°C. Oligonucleotide sequences for primers (Table 1), primer amplification protocol: The PCR 
mixture's ultimate volume was 25 μL: 12.5 μL of Master Mix 2x, 1 μL of each of forward and 
reverse primers, 5 μL of template DNA, and 5.5 μL of nuclease-free water. This was done in uniplex 
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PCR Eppendorf tubes, but the amount changed in multiplex PCR. The mixture was briefly mixed 
using a vortex and then placed in a thermocycler. The polymerase chain reaction used in this study 
initial denaturation at 95°C for 4 minutes, No. of cycle 35, denaturation at 94°C/ 60 seconds, 
annealing at 52°C for 30 seconds for abaI and abaR genes, 53°C/30 sec for blaOXA-51 gene, 
elongation at 72°C for 90 seconds for abaI and abaR genes, 72°C for 60 seconds for blaOXA-51 gene, 
and final extension at 72°C for 5 minutes. 

Primer dilution: The oligonucleotide primers, initially in lyophilized form, were dissolved and 
diluted in nuclease-free distilled deionized water DDW according to the manufacturer's instructions 
to achieve a concentration of 100 picomol/µL. Subsequently, this stock solution was further diluted 
in nuclease-free distilled deionized water DDW. To reach approximately 10 picomol/µL. This 
technique was applied to all primers in this study, as listed in Table 1. To identify PCR products that 
had been amplified, we employed gel electrophoresis. They were documented using a UV 
transilluminator and ethidium bromide dye for visualization. A 100 mL solution of 1x TBE buffer 
containing 1 gram of agarose was prepared. The gel was submerged with TBE buffer, the tank was 
sealed, and the DNA extract and PCR products were electrophoresed for one hour at 5 volts/cm2 of 
the gel. Once electrophoresis was complete, the agarose gel was taken out of the tank, photographed, 
and analyzed visually using a UV transilluminator documentation system [19]. According to [20] 
5µL singleplex PCR products were added to each PCR reaction well. Each electrophoresis run was 
accompanied by the use of a DNA ladder to verify the size of the PCR products. It was made feasible 
to observe DNA bands via the UV transilluminator documentation system. 

Table 1: Oligonucleotide Primer Sequences (Alpha DNA Company, USA) 

Primer Name Sequence 5`-3` Product size (bp) Reference 

abaI F- AAAGTTACCGCTACAGGG 
R- CACGATGGGCACGAAA 435 [21] 

abaR F- TCCTCGGGTCCCAATA 
R- TAAATCTACCGCATCAA 310 [21] 

blaOXA-51 F- TAA TGC TTT GAT CGG CCT TG 
R- TGG ATT GCA CTT CAT CTT GG 353 [22] 

16 S rRNA 
H. k gene 

F- TCC TAC GGG AGG CAG CAG T 
R- GGA CTA CCA GGG TAT CTA ATC CTG TT 448 [23] 

H. K: housekeeping 

2.4.2 Gene Expression study by RT-PCR reaction of abaI and abaR genes    

The quantitative RT-PCR reaction was performed utilizing two resistant isolates from sputum and 
burn swab specimens. The isolates were exposed to five treatments, including sub-MIC of capsaicin, 
curcumin, ciprofloxacin, and a combination of both agents to detect the impact of antibiotics 
(Ciprofloxacin) and natural substances, curcumin and capsaicin, on the fold value of the quorum 
sensing gene (abaI, abaR). To extract and purify the RNA, we employed the TRIzol Reagent 
technique. A Quantus Fluorometer (Promega, USA) was employed to determine the concentration of 
RNA in the sample in accordance with the supplier's instructions and protocols. In order to conduct 
real-time PCR, the Gene 9600 Quantitative Instrument was utilized.  

Primers were designed to be compatible with the abaI A and abaR genes. We determined the 
Cycle Threshold (CT) value by conducting a thermal reaction with the solution we produced using a 
Real-Time PCR Cycler. During the amplification process in the course of the heat reaction, the 
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computer records the CT values that were obtained [24]. The following measurements used the 
ΔΔCT method, as described in reference [25], to determine variations in gene expression levels. 

 ΔCT = CT target gene - CT housekeeping gene (16SrRNA) 

 ΔΔCT = ΔCT Treated - ΔCT Control 

Folding = 2-ΔΔCT 

2.5  Statistical analysis 

To analyse how various groups or variables affected the study's data, we used the Statistical Package 
for the Social Sciences SPSS [26]. 

3. Results and Discussion 

3.1 Identification of A baumanni isolates 

The results after incubation overnight at 37° C show that 80 out of 160 (or 50%) of the positive 
growth was inoculated as primary on MacConkey agar and CHROM agar medium. The 
identification was then validated using standard procedures. The percentage in Fig. 1 showed A. 
baumannii isolates formed 20 (12.5%), whereas 60 /160 showed other species of bacteria according 
to colony features, which appeared small, pale, pink, and did not ferment lactose when isolates were 
grown on MacConkey agar. While colonies cultivated on CHROM agar medium, they revealed a 
light purple colour and had a halo surrounding them. Gram staining revealed red Gram -negative 
coccobacilli that occasionally appeared in pairs or short chains. Biochemical tests of isolates were 
negative for oxidase, the production of urease and indole, methyl red, Voges – Proskauer tests, 
whereas they are positive for catalase, and citrate utilization test. Kligler iron agar showed an 
alkaline slant. With no change in the bottom, without gas production, H2S was negative [15]. Fifty 
specimens showed no growth; this result is similar to [27], [28], who recorded the percentage of 
bacteria (12 %) and (13.31%), respectively. Our finding is higher than the finding of [29] were they 
recorded (9.7 %).  

 
   Fig. 1 The percentages of bacteriological growth for 160 specimens 

The results in Table 2 represent the prevalence of (20) A. baumannii isolates based on the source 
of infection and sex, which were in sputum 9 (45%), burns 6 (30%), wounds 3 (15 %) and urine 2 
(10 %). The prevalence of isolates among males and females was 7 (35) and 13 (65), respectively. 
These results were corresponding to [30], he found that the distribution of A. baumannii isolates was 
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in burn (50%), wound (13.45%) Urine (10%).  At the same time, the finding nearly to [31] they 
recorded the percentage of bacterial isolates was from sputum 17 (42.5%), urine 7 (17.5%), and 
wounds 10 (25%). 

Table 2:  A. baumannii isolates distribution based on the source and sex. 

(20) specimens Percentage of positive A.b of 
Male 

Percentage of positive A.b of 
Female 

Percentage of positive A.b of Total 

No (%) No (%) No (%) 
Sputum 3 (15) 6 (30) 9(45) 
Burns 2 (10) 4 (20) 6(30) 

Wounds 1 (5) 2 (10) 3(15) 
Urine 1 (5) 1 (5) 2(10) 
Total 7 (35) 13 (65) 20(100) 

A.b: Acinetobacter baumannii 

3.1.1 Hemolysis Production Test 

It was used to investigate the production of the hemolysis enzyme. In the current study, all 20 
isolates were streaked on blood agar and incubated under optimum conditions at 37Cin whole day on 
blood agar. The colonies of A. baumannii isolates looked white, smooth, round, and cream-colored 
with whole edges. All 20 (100%) isolates showed negative hemolysis. Colonies became more 
mucoidal during prolonged incubation. This finding was consistent with numerous previous studies, 
including [27]. 

3.2 Minimum Inhibitory Concentration (MIC) of Ciprofloxacin 

The ciprofloxacin MIC for each of the twenty isolates was estimated using the broth microdilution 
standards method. Ciprofloxacin (MIC) values ranged between 32 and 1024 μg/mL, depending on 
the isolates, as shown in Table 3. 

Table 3: Ciprofloxacin MIC (ug /ml) for (20) A. baumannii isolates (Breakpoint ≤1(S)/ ≥ 4(R). 

Isolates series MIC (ug/ml) Isolates series MIC (ug/ml) 
A. b 1 256 A. b 11 128 
A. b 2 1024 A. b 12 64 
A. b 3 512 A. b 13 256 
A. b 4 512 A. b 14 512 
A. b 5 128 A. b 15 512 
A. b 6 64 A. b 16 256 
A. b 7 64 A. b 17 32 
A. b 8 256 A. b 18 256 
A. b 9 32 A. b 19 128 
A. b 10 32 A. b 20 256 

A.b: Acinetobacter baumannii, MIC: Minimum Inhibitory Concentration 

3.3 Efflux pump production 

Efflux pump activity was detected in all isolates, with varying intensities ranging from low to high 
among different isolates. The finding of efflux pump activity revealed that 14 (70%) of the isolates 
glowed under UV light in the presence of ethidium bromide. indicating efflux pump activity ranging 
from low to moderate levels. On the other hand, 6 (30%) of the isolates, including isolates 2, 5, 6, 11, 
14, and 20, remained non-fluorescent even at the highest tested concentration (2.5 mg/L), suggesting 
high efflux pump activity. This finding suggests that they have strong efflux pump activity that can 
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quickly remove ethidium bromide from the bacterial cells. These results are consistent with earlier 
research showing that clinical isolates frequently include efflux pumps. The phenotypic analysis 
using the cartwheel method using Ethidium Bromide (EtBr) agar revealed that out of the fifteen 
strains tested, only nine (60%) produced efflux pumps [32]. There was another investigation that 
discovered it in 68% of the isolates [33]. 

3.4 Molecular Study  

3.5.1 Detection of Target genes by Polymerase Chain Reaction (PCR)  

The blaOXA-51 gene was detected to confirm the diagnosis, and two QS genes of ten clinical 
isolates of A. baumannii were successfully detected using the molecular technique, the polymerase 
chain reaction (PCR). The polymerase chain reaction (PCR) is a widely used and efficient method 
for identifying bacterial species and specific genes [34]. 
3.5.1.1 Molecular Detection of the blaOXA-51 gene 

The blaOXA-51 gene was found in all ten isolates (100 %) in this study. Fig. 2 shows DNA bands 
with a size of 353 bp. Previous studies have shown that the blaOXA-51 gene is present in all A. 
baumannii clinical isolates in Iraq (100%), lending credence to its use as a molecular marker for 
species identification [35], [30]. Similarly, [36] found that the blaOXA-51 gene was present in all A. 
baumannii clinical isolates (100%). 

 
Fig. 2 Agarose gel electrophoresis (1.5% agarose,7v/cm2 for 60 min) for blaOXA-51 gene 353 bp amplicon) 

lane 100 bp DNA Ladder. 
3.5.1.2 Molecular Detection of quorum sensing abaI Gene  

The gene identification results from this study indicated that 7 (70%) isolates carried the abaI gene. 
displayed the DNA bands with a size of 435 bp in Fig. 3. The abaI were widely distributed among A 
baumannii isolates in several studies. For example, [37] reported 78.75% prevalence of abaI, while 
another study reported the appearance of the abaI gene in 16 (88.8%) [38]. whereas the other study 
found that 8 (61.54%) of the isolates had the abaI gene, indicating its role in quorum sensing [39]. 
The abaI gene is a gene that controls quorum sensing and makes an autoinducer synthase. The 
isolates have the ability to produce QS signalling molecules that contain abaI, and the changes in the 
abaI gene affected the ability of Acinetobacter spp. to form biofilms [40]. 
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Fig. 3 Agarose gel electrophoresis (1.5% agarose, 7V/cm2 for 60 min) for abaI gene (435 bp amplicon), lane 

100 bp DNA Ladder. 
3.5.1.3 Molecular Detection of Quorum Sensing (abaR) gene 

The results of the gene detection in this study revealed that 7 (70%) isolates carried the abaR gene. 
Fig. 4 displayed the DNA bands with a size of 310 bp. The quorum-sensing genes abaI and abaR 
were widely distributed among A. baumannii isolates in several studies. A previous study revealed 
that the prevalence of abaI 78.75% [37]. whereas another study showed the presence of 10 (55.5%) 
abaR gene in 18 isolates of A. baumannii [38]. 

 
Fig. 4 Agarose gel electrophoresis (1.5% agarose, 7V/cm2 for 60 min) for abaR gene (310 bp amplicon), lane 

100 bp DNA Ladder. 
3.5.2 Gene expression study by qRT -PCR technique  

The current study depended on qRT-PCR) Technique employing two resistant isolates of A. 
baumannii obtained from sputum and burn swab samples. The isolates were subjected to five 
different treatments to see how antibiotics and natural substances affected the fold value of genes 
under study. The treatments for each isolate included sub-MIC ciprofloxacin (16 ug/ml), sub-MIC 
curcumin (64 ug/ml), and a combination of ciprofloxacin and curcumin at a sub-MIC of each isolate. 
Sub-MIC concentration of capsaicin (64 ug/ml) for one isolate, (128 ug/ml) for another isolate, and a 
mix of ciprofloxacin and capsaicin (sub-MIC for each isolate). 

By comparing the target and reference Ct values (including the housekeeping gene and quorum 
sensing genes, the results of the qRT-PCR tests confirmed genes expression levels were evaluated 
using the following equations, which were based on the relative quantification of gene expression 
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levels using the Livak formula (2^-ΔΔCt) method, as described in the materials and methods section 
[25]  

3.5.2.1 Effect of Ciprofloxacin and Curcumin on abaI Gene Expression      

We performed RT-PCR to evaluate the change in fold value of quorum-sensing genes as a result of 
treatment. This investigation showed that after growth in sub-MIC ciprofloxacin, curcumin, and a 
mix of both agents, the expression of abaI decreased in all isolates. The folding change value was 
recorded for ciprofloxacin, curcumin, and their combination was 0.7239, 0.0236, and 0.0528, 
respectively. A significant difference was observed, p = 0.0267, demonstrating that the combination 
of ciprofloxacin and curcumin was markedly more efficient in reducing abaI expression than either 
treatment individually Table 4. 

Similar finding were reported in agreement with our results by the finding of [41] who 
demonstrated that they explained that curcumin alone exhibited lower antibacterial activity has low 
effect than its mixture with colistin in A baumanni isolates, another study reported that this antibiotic 
damages the outer membrane of bacteria, and demonstrated that this damage allows curcumin to 
easily penetrate the cell through the membrane and enhanced to antibacterial effect These 
mechanisms enhance the efficacy of antibiotics in eradicating bacteria, potentially yielding a 
synergistic effect superior to the antibiotics used in alone [42]. 

Curcumin is a plant polyphenolic active compound that has anti-inflammatory, antiproliferative, 
antibacterial, antibiofilm, and quorum-sensing inhibitory properties [43]. Several studies have 
suggested that it may act synergistically with other antibiotics against both classes of bacteria (Gram-
positive and negative) [44], [43, [45]. Studies have shown that this compound shows interference 
with the cytoplasmic membrane, can easily permeate lipid bilayer due to its lipophilic nature, this 
result increase the permeability, in addition to causing a change in structural integrity, resulting in 
bacterial cell death [46]. 

Table 4: Effect of Cip and Cur treatments on the folding value of the abaI gene 

Isolate 16srRNA AbaI ΔCT ΔΔCT Folding Mean Folding change 
A.b 9 15.86 18.82 2.96 0.46 0.727 

1.051 1.000 A.b 10 16.61 18.65 2.04 -0.46 1.376 
A.b 9 (CIP) 19.17 21.69 2.52 0.02 0.9862 

0.7611 0.7239 A.b 10 (CIP) 17.60 21.00 3.40 0.90 0.5359 
A.b 9 (Cur) 14.52 23.38 8.86 6.36 0.012 0.025 0.0236 A.b 10 (Cur) 15.10 22.34 7.24 4.74 0.037 

A.b 9 (Cip + Cur) 15.76 22.15 6.39 3.89 0.0675 0.0555 0.0528 A.b 10 (Cip+Cur) 15.34 22.36 7.02 4.52 0.0436 
(P-value ≤0.01)∗ (0.0267)∗ 

A.b =Acinetobacter baumannii, CIP=Ciprofloxacin, Cur =Curcumin 

3.5.2.2 Effect of Ciprofloxacin and Capsaicin on abaI Gene Expression      

When comparing abaI gene expression among resistant isolates that had been treated with sub-MIC 
levels of ciprofloxacin and capsaicin and a mix of both agents, this finding revealed a significant 
difference (p = 0.0087** when fold-change values were recorded as 0.7239, 0.1453, and 1.6353 
(Table 5). The Capsicum genus is considered the plant source of capsaicin as a bioactive 
phytochemical [47]. In addition to discovering natural alternatives to antibiotics, this is crucial for 
patients for whom certain antibiotics may be toxic or cause side effects, such as allergies [48] and 
liver toxicity [49].  
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According to a study by [50], capsaicin revealed antibacterial action against A. baumannii at a 64 
µg/mL concentration. The compound causes inhibition of the production of violacein in a bout fifty 
percentage from C. violaceum. Capsaicin, curcumin, and resveratrol were discovered to have an 
inhibitory effect on violacein synthesis 50% in the model organism Chromobacterium violaceum, 
which has been used in quorum sensing investigations. This suggests that these compounds interfere 
with pathways involved in quorum sensing. [51], [52] The anti-quorum-sensing activity may result 
from the combined effects of phytochemicals on auto-inducer signalling molecules, which control 
QS activities. This activity has been observed in plant extract. Some phytochemicals inhibit bacterial 
AHL production, thereby suppressing quorum sensing [13]. 

 Table 5: Effect of Cip and Cap treatments on the folding value of abaI gene 

Isolate 16srRNA AbaI ΔCT ΔΔCT Folding Folding 
Mean 

Folding 
change 

A.b 9 15.86 18.82 2.96 0.46 0.727 1.051 1.00 
A.b 10 16.61 18.65 2.04 -0.46 1.376 

A.b 9 (CIP) 19.17 21.69 2.52 0.02 0.9862 0.7611 0.7239 
A.b 10 (CIP) 17.60 21.00 3.40 0.90 0.5359 
A.b 9 (Cap) 17.51 21.72 4.21 1.71 0.306 0.153 0.1453 
A.b 10 (Cap) 18.22 41.95 23.73 21.23 0.0000004 

A.b 9 (Cip + Cap) 13.69 21.36 7.67 5.17 0.028 1.719 1.6353 
A.b 10 (Cip+Cap) 22.20 22.93 0.73 -1.77 3.411 

P-value = (P≤0.01). ** 0.0087** 

A.b =A. baumannii, CIP=ciprofloxacin, Cap =capsaicin. 

3.5.2.3 Effect of Ciprofloxacin and Curcumin on abaR Gene Expression 

We compared the fold value of the quorum sensing abaR gene in each treatment; Table 6 showed that 
following treatment with sub-MIC levels of ciprofloxacin and curcumin, and their sub-MIC 
combination. The corresponding fold-change values for ciprofloxacin, curcumin, and their 
combination were 0.7100, 0.0122, and 0.0729, respectively. The results revealed a highly different 
fold change value (p = 0.0287), indicating a clear decrease in abaR gene expression following 
treatment. 

Curcumin inhibits the DNA-binding activity of LuxR-type regulators in Vibrio harveyi, curcumin 
modifies QS gene expression, and prevents the appearance of QS-controlled characteristics [53]. 
Treatments are to use natural quorum sensing inhibitors (QSIs) along with regular antibiotics 
treatments is to use natural quorum sensing inhibitors (QSIs) along with regular antibiotics. This 
interference reduces bacterial resistance to antibiotics. Natural QSIs like eugenol (from clove), 
curcumin (from turmeric), quercetin (from fruits), and furanones (from marine algae) have been 
shown to work when combined with antibiotics such as β-lactams, aminoglycosides, and 
fluoroquinolones [54]. As a result of this interference, bacteria become less capable of resisting 
antibiotic numerous researches recorded natural inhibitors of QS derived from various plant sources, 
such as curcumin (turmeric), furanones (marine algae), quercetin (fruits), and eugenol (clove) 
complement antibiotic activity [54]. 

Previous studies [55, 56] revealed that curcumin inhibits virulence factors regulated by QS 
whether used alone or in combination with antibiotics like azithromycin and gentamicin. The most 
notable effect of curcumin on QS-regulated virulence factors was pyoverdine synthesis, a 
siderophore essential for the survival and pathogenicity of P. aeruginosa during infection [57, 58], as 
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demonstrated in previous studies. Due to its ability to inhibit both QS-regulated virulence proteins 
and the type III secretion system (T3SS), curcumin represents a promising candidate for broad-
spectrum anti-virulence therapy [58]. Curcumin has been shown to inhibit quorum sensing and 
violacein production in Chromobacterium violaceum by up to (50%) in Concentrations as low as 6 
μM are sufficient to achieve this effect [51].  

Table 6:  Effect of Cip and Cur treatments on the folding value of abaR gene 

Isolate 16srRNA AbaR ΔCT ΔΔCT Folding Mean Folding 
change 

A.b 9 15.86 19.94 4.08 0.58 0.671 1.080 1.00 A.b 10 16.61 19.54 2.93 -0.58 1.490 
A.b 9 (CIP) 19.17 22.68 3.51 0.00 0.9965 0.7671 0.7100 A.b 10 (CIP) 17.60 22.00 4.40 0.89 0.5377 
A.b 9 (Cur) 14.52 24.88 10.36 6.85 0.009 

0.013 0.0122 
A.b 10 (Cur) 15.10 24.42 9.32 5.82 0.018 

A.b 9 (Cip + Cur) 15.76 22.95 7.19 3.68 0.0778 0.0788 0.0729 A.b 10 (Cip+Cur) 15.34 22.49 7.19 3.64 0.0799 
(P-value (P≤0.01) *. 0.0287* 

A.b =A. baumannii, CIP= Ciprofloxacin, Cur = curcumin. 

3.5.2.4 Effect of Ciprofloxacin and Capsaicin on abaR Gene Expression       

The results of abaR gene presented in Table 7 revealed significant differences, p = 0.0071, in the 
folding changes value of two resistant isolates before and after treatment with sub-MIC levels of 
ciprofloxacin and capsaicin, and their combined sub-MIC treatment, recorded as 0.7100, 0.3927, and 
2.0507. These findings indicate significant alterations in abaR gene expression following treatment, 
as presented in Table 7. A study conducted by [54] reported that some QSIs directly block 
transcriptional regulators, thereby suppressing QS-dependent genes involved in virulence and 
antibiotic resistance. To inhibit QS, phytochemical compounds control how bacteria produce AHL. It 
is believed that the inhibition effects by these agents occur through either competing with or 
speeding up the breakdown of receptors of the LuxR/LasR that AHL molecules bind, or by 
preventing AHL activity altogether due to their similar structures [13]. Polyphenols luteolin and 
capsaicin are present in a wide variety of peppers, but mostly those belonging to the genus 
Capsicum. In addition to preventing microbial development, they have anti-inflammatory, 
antioxidant, cardio-protective, neuro-protective, and anticancer properties [14]. 

Table 7: Effect of Cip and Cap treatments on the folding value of the abaR gene 

Isolate 16srRNA AbaR ΔCT ΔΔCT Folding Folding 
Mean 

Folding 
change 

A.b 9 15.86 19.94 4.08 0.58 0.671 1.080 1.00 
A.b 10 16.61 19.54 2.93 -0.58 1.490 

A.b 9 (CIP) 19.17 22.68 3.51 0.00 0.9965 0.7671 0.7100 
A.b 10 (CIP) 17.60 22.00 4.40 0.89 0.5377 
A.b 9 (Cap) 17.51 22.85 5.34 1.83 0.280 0.424 0.3927 
A.b 10 (Cap) 18.22 22.54 4.32 0.81 0.5684085 

A.b 9 (Cip + Cap) 13.69 24.04 10.35 6.84 0.009 2.216 2.0507 

A.b 10 (Cip+Cap) 22.20 23.56 1.36 -2.15 4.423 

(P-value = (P≤0.01) ** 0.0071** 

A.b = A. baumannii, CIP=Ciprofloxacin, Cap =Capsaicin 
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4. Conclusions 

A. baumannii is a major clinical pathogen characterized by remarkable antimicrobial resistance and 
virulence traits, in present study according to this study. Twenty A. baumanii isolates 12.5% were 
identified, all isolates (100 %) carried the blaOXA-51 gene, and while 70% of the isolates possessed the 
quorum sensing genes abaI and abaR. the inhibitory effect of the natural compounds on the QS 
system this could play a principal role in treatment multi drugs resistant isolates. The findings 
regarding the synergistic effect of natural compounds with antibiotics are promising, sub-minimum 
inhibitory concentration (sub-MICs) of ciprofloxacin and curcumin because decreased quorum 
sensing gene expression. Tackling quorum sensing could complement conventional antibiotics, 
according to these findings this has the potential to lessen the intensity and treatment difficulty 
associated with of A. baumannii infections.  
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