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The treatment of multi drug resistance (MDR) Pseudomonas aeruginosa has raised a major health concern worldwide. However 

the combine use of antibiotics and non-antibiotic could be beneficial in the treatment and prevention of MDR P. aeruginosa. The 

current study is therefore an attempt to evaluate the synergistic effect of antibiotics and non-antibiotic against MDR P. aeruginosa. 

Currently, a total of 62 P. aeruginosa clinical isolates were investigated. Kirby Bauer Disk diffusion method was used to determine 

the antibiotic susceptibility of the clinical isolates following the Clinical and Laboratory Standards Institute (CLSI) guidelines. The 

minimum inhibitory concentrations of the antibiotics including polymyxin B, ciprofloxacin and cefotaxime and non-antibiotics i-

e., sertraline, loperamide, metformin and diclofenac sodium were determined using broth micro dilution technique. The synergistic 

effects of these antibiotics and non-antibiotics were further evaluated using checkerboard assay and fractional inhibitory 

concentration (FIC). Of the 62 clinical isolates, 53 (85.48%) were confirmed MDR. The individual MICs of cefotaxime, polymyxin 

B and ciprofloxacin were 32 μg/mL, 16 μg/mL and 64 μg/mL respectively. While the individual MIC of sertraline, loperamide, 

metformin and diclofenac sodium were 64 μg/mL, 32 μg/mL, 16 μg/mL and 64 μg/mL respectively. . Sertraline and loperamide 

when combined with polymyxin B showed synergistic antibacterial activity with an FIC value of 0.37 and 0.5 respectively. 

Similarly diclofenac sodium with cefotaxime also showed synergism with an FIC value of 0.25. However the combination of 

metformin and ciprofloxacin showed no synergistic activity (FIC=1). It was therefore concluded that the tested combinations had 

significantly lowered MICs values compared to antibiotics and non-antibiotics individually. 

Keywords: Pseudomonas aeruginosa, Multi drug resistance, Minimum inhibitory concentration, Fractional inhibitory 

concentration.  

INTRODUCTION 

Known for many years to be a cause of serious wound and surgical infections, but often regarded as a secondary or 

opportunistic invader rather than a cause of primary infection in healthy tissues, Pseudomonas aeruginosa has now 

clearly emerged as a major nosocomial pathogen in immunocompromised and debilitated patients, as well as in cystic 

fibrosis patients [1]. Pseudomonas aeruginosa is the third most prevalent bacterium causing around 9-10% of the 

nosocomial infections [2]. In healthy people the prevalence of its colonization is typically low, but after hospitalization 

greater rate of colonization is experienced, particularly among people treated with broad spectrum antibiotics [3]. P. 

aeruginosa causes urinary tract infections, kidney infections, cystic fibrosis, surgical site infection and sepsis [4]. 

Colonization of the lungs of cystic fibrosis (CF) patients by the opportunistic bacterial pathogen Pseudomonas 
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aeruginosa is the principal cause of mortality in CF populations [5].  In the past infections of P. aeruginosa have been 

treated by a combination of β-Lactams (i.e., penicillin) a group of antibiotics classified by its four-membered ring [6]. 

Pseudomonas aeruginosa displays resistance to a variety of antibiotics, including aminoglycosides, quinolones and β-

lactams [7]. Generally, the major mechanisms of P. aeruginosa used to counter antibiotic attack involve Efflux pumps, 

β-lactamases, lower membrane permeability [8], biofilms [9], horizontal gene transfer and mutational changes [10]. 

Multi drug resistant P. aeruginosa is a gradually emerging concern in clinical practice [11]. Conventional antibiotic 

therapies against P. aeruginosa infections have become increasingly ineffective due to the rise of multidrug-resistant 

strains [12]. There are many significant reasons why the spread and emergence of MDR P. aeruginosa has recently 

become a public health issue (general opinion). First, it causes serious infections, especially in immunocompromised 

patients and health care settings [13]. Secondly it has an excellent potential for disseminating antimicrobial resistance 

[10].Third, the successful global dissemination of high risk clones of multi drug resistant P. aeruginosa poses a major 

public health problem which needs to be managed urgently and determinedly [14]. Carbapenems are widely used as 

first-line drugs to treat nosocomial infections and are effective against multidrug-resistant P. aeruginosa and other 

bacterial infections producing the cephalosporinase AmpC or extended-spectrum β-lactamases [15]. Nevertheless, 

carbapenem-resistant P. aeruginosa (CRPA) isolates are increasingly observed, probably due to the global clinical use 

of carbapenem [16]. The World Health Organization (WHO) has recently listed carbapenem-resistant P. aeruginosa 

as one of three bacterial species in which there is a critical need for the development of new antibiotics to treat 

infections (17). Therefore, an alternative strategy should be adopted to deal with the MDR Pseudomonas aeruginosa. 

Recently, drug repurposing and synergistic drug screens have provided alternative approaches to combat infections 

caused by MDR pathogens and emerging viral outbreaks [18]. The strategy has many advantages such as reducing the 

time, cost, and risk associated with the development of new antimicrobials [19]. The synergistic effect of various non-

antibiotics with antibiotics might be of critical values [20, 21]. The synergistic effect of antibiotic and Non-antibiotics 

against MDR bacteria have been reported before. The combination of Fluconazole (antibiotic) with non-antibiotics 

like fluoxetine and propranolol have been found effective against C. albicans [22]. In addition, the antibacterial activity 

of combination of polymyxin B and wide variety of non-antibiotics has been reported against Pseudomonas 

aeruginosa, Acinetobacter baumannii, Escherichia coli and Klebsiella pneumonia [23]. Considering the worldwide 

MDR of P. aeruginosa and the efficacy of combination of antibiotic with non-antibiotic, the current study was aimed 

at the evaluation of synergistic effect of the selected antibiotic and non-antibiotics against MDR of P. aeruginosa. For 

this purpose checkerboard assay method was used to determine the MICs of the selected antibiotic and non-antibiotics 

in combination as well as alone.  

METHODOLOGY 

Sample collection and processing  

A total of 100 wound pus samples were collected from patients visiting Hayatabad Medical Complex (HMC), 

Peshawar. Sterile cotton swabs were used for the collection of samples following CLSI (2020) guidelines [24]. The 

collected samples were processed following standard operating procedures (SOPs) laid-down by Pokharel et al. 2019 

[25]. Nutrient and MacConkey agar was inoculated with swabs and the plates were incubated at 37°C for 24 hrs. 

Characterization of P. aeruginosa 

The identification of Pseudomonas aeruginosa isolates was done on the basis of colony morphology, gram staining 

and various biochemical tests according to Bergey’s Manual [26].  

Antibiotics susceptibility test 

Antibiotic susceptibility testing (AST) of Pseudomonas aeruginosa was conducted using the Kirby Bauer disc 

diffusion method utilizing commercial antibiotic discs following compliance with CLSI 2020 guidelines [24]. 

Pseudomonas aeruginosa colonies were obtained from the surface of agar with the help of a sterile wire loop and 

inoculated in peptone water and incubated for 4 hours at 37 ºC and the broth turbidity was acclimated to the McFarland 

level by diluting the broth with normal saline. A clean swab was immersed in peptone water culture and twisted to 
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suck out excess fluid, after which the swab was uniformly cultured over the cationic adjusted Muller Hinton Agar 

(CA-MHA) plate surface. This method was repeated several times, turning the plate about 60º to ensure equal 

inoculum distribution. The plate was permitted to dry for 5 minutes. Antibiotic discs were then mounted on medium’s 

surface with the help of a sterile forcep. To ensure complete contact with the agar surface, the discs were gently 

squeezed. Just five antibiotic discs were put on a single pate at a time to avoid one mixing. When the discs were 

mounted on the plate, they were not removed because few of the antibiotics diffuses immediately. The plates were 

then incubated for 16-18 hrs.at 37 ºC, and the zone diameter was determined to the nearest mm with the aid of a ruler 

placed at the back of the inverted plate. The margin of zone was described as the region with no apparent, noticeable 

growth that could be identified with the unassisted eye. CLSI standards were used to assess the inhibition zone sizes 

[24]. The antibiotics evaluated were cefepime (30µg), gentamicin (10 µg), amikacin (30µg), ciprofloxacin (5 µg), 

ceftazidime (30µg), piperacillin/tazobactam (100/10 µg), amoxicillin/clavulanic acid (30 µg), chloramphenicol (30 

µg), penicillin (10 µg), imipenem (30 µg), tetracycline (30 µg), sulphametaxazole/trimethoprim (100/10 µg), 

cefotaxime (30 µg), meropenem (30 µg), ceftriaxone (30 µg) and polymyxin B (300).   

Determination of MICs 

The minimum inhibitory concentration (MIC) of the selected antibiotics (cefotaxime, polymyxin B and ciprofloxacin) 

and non-antibiotics (sertraline, loperamide, metformin and diclofenac sodium) against a single MDR Pseudomonas 

aeruginosa was determined by broth micro dilution in Mueller-Hinton broth (MHB) using 96-well microtitre plates 

procedure [27].  The antibiotics and non-antibiotics dilutions tested in the micro broth dilution assay ranged from 1 

µg/mL to 512 µg/mL at final concentration. The dilutions were formulated at twice the required final concentrations 

in Muller Hinton broth to enable a dilution of 1:2, when an equivalent amount of inoculum was added to it. Sterile test 

tubes were marked as follows: 512, 256, 128, 64, 32, 16, 8, 4, 2 and the last 1µg/mL. The inoculum was prepared with 

2-3 h broth culture of each isolate, adjusted to a turbidity equivalent to 0.5 McFarland Standard and diluted in Mueller 

Hinton broth to give a final concentration of 5 × 105 cfu/mL. MIC was defined as the lowest concentration of antibiotic 

to completely inhibit visible growth. 

Synergistic effect of selected non-antibiotics on antibiotics and FICs 

Synergistic effects of selected non-antibiotics on antibiotics were determined by checker board assay [28]. Non-

antibiotics and antibiotics combination evaluated in-vitro using checker board against Pseudomonas aeruginosa were 

Sertraline+ Polymyxin B, Diclofenac Sodium+ Cefotaxime, Loperamide+ Polymyxin B and Metformin+ 

Ciprofloxacin. The MIC of each antibiotic and non-antibiotic substance alone or in combination was determined by a 

broth micro dilution method in accordance with CLSI standards. The assay was performed in 96-well microtitre plates, 

a two-fold dilution of the antibiotic and was distributed into each well to obtain a varying concentration of 512, 256, 

128, 64, 32, 16, 8, 4, 2, 1ug/mL in the wells of the first column, while those of the non-antibiotics were similarly 

distributed among the first row (512 to 1 μg/mL). The antibiotic dilutions were started from the columns to the right 

and the non-antibiotic dilutions were started from the first row downwards. Thus, each of the wells held a unique 

combination of concentrations of AgNPs and the antibiotic. The broth micro dilution plates were inoculated with each 

test microorganism to yield the appropriate density (105 CFU/mL) in 100 _L Mueller–Hinton broth and incubated at 

the optimum temperature and time of growth conditions (37 ºC/24 h). The MIC was determined as the least dilution 

without any turbidity. The MICs of single antimicrobial A and B (MICA and MICB) and in combination were 

determined. A possible synergistic effect was indicated by the lack of growth below the MIC value of two substances. 

The fractional inhibitory concentration index (ΣFIC) was calculated as 

ΣFIC= FIC A+FIC B 

Where, FIC A=MIC of drug A in combination/ MIC of drug A alone. 

FIC B= MIC of drug B in combination/ MIC of dug B alone. 
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From the above equation synergism is defined as: when the ΣFIC was less than or equal to 0.5, the combination was 

considered synergistic, indifferent when the value was greater than 0.5 and less than 2 and a value greater than 4 was 

classified as antagonistic [29].  

RESULTS 

Identification of Pseudomonas aeruginosa 

Amongst 100 wounds pus samples, 62 were identified Pseudomonas aeruginosa. Pseudomonas aeruginosa culture on 

nutrient agar plates was opaque, slimy and irregular colonies with earthy odor. On MacConkey agar plates, it formed 

big, pale color, smooth egg-like colonies with flat margins. The results of biochemical tests performed for the 

identification of Pseudomonas aeruginosa are listed in the Table 1. 

Table 1. Results of Biochemical tests for the identification of Pseudomonas aeruginosa. 

S. No Biochemical tests Results 

1. Catalase Positive 

2. Oxidase Positive 

3. Triple sugar iron (TSI) Alkaline slant/Alkaline butt 

4. Citrate utilization test Positive 

5. Indole production Negative 

Antibiotic Susceptibility Testing 

The antibiotic susceptibility testing of Pseudomonas aeruginosa was performed according to Kirby Bauer Disc 

Diffusion method. Disc diffusion test results of all the 62 isolates of Pseudomonas aeruginosa indicated that 53 of 

isolates were MDR, which demonstrated in-vitro resistance to three or more than three different antibiotics and were 

termed as multi drug resistant. Significant level of resistance was observed among all the clinical isolates of 

Pseudomonas aeruginosa. Antibiogram of all the 62 isolates of Pseudomonas aeruginosa are given in Table 2. 

Table 2. Antibiogram of Pseudomonas aeruginosa. 

S. No Antibiotics tested Disc concentration Sensitive Intermediate Resistant 

n (%) n (%) n (%) 

1. Ciprofloxacin 5 μg 10 (16.16) ---- 52 (83.87) 

2. Penicillin 10 μg 3(4.83) 7 (11.29) 52 (83.87) 

3. Ceftriaxone 30 μg 5 (8.06) 4 (7.54) 53(85.48) 

4. Polymyxin B 300 μg 11 (17.74) ---- 51 (82.25) 

5. Chloramphenicol 30 μg 5 (8.06) 4 (6.45) 53 (85.48) 

6. Sulphametaxazole/trime-

thoprim 

25 μg 7 (11.29) ----- 55 (88.70) 

7. Tetracycline 30 μg 8 (12.90) ----- 54 (87.09) 

8. Gentamicin 10 μg 7 (11.29) 2 (3.22) 53 (85.48) 

9. Imipenem 10 μg 5 (9.43) 3 (4.83) 54 (87.09) 

10. Meropenem 10 μg 5 (8.06) ----- 56(90.32) 
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11. Cefepime 30 μg 8 (12.90) ----- 54 (87.09) 

12. Amikacin 30 μg 9 (14.51) ----- 53(85.48) 

13. Piperacillin/tazobactam 110 μg 5 (8.06) 1 (1.61) 56 (90.32) 

14. Ceftazidime 30 μg 6 (9.67) ----- 56 (90.32) 

15. Amoxicillin/clavulanic acid 30 μg 9 (14.51) ----- 53 (85.48) 

16. Ceftriaxone 30 μg 5(8.06) 2 (3.22) 55 (88.70) 

Minimum Inhibitory Concentrations of antibiotics 

MIC of antibiotics cefotaxime, polymyxin B and ciprofloxacin were performed for a single MDR Pseudomonas 

aeruginosa. The individual MIC of cefotaxime, polymyxin B and ciprofloxacin calculated were 32 µg/mL, 16 µg/mL 

and 64 µg/mL, respectively. The MIC50 and MIC90 values observed for these antibiotics were as follows; cefotaxime 

(MIC50=16 MIC90=29), polymyxin B (MIC50=8, MIC90=15) and ciprofloxacin (MIC50=32, MIC90=58). Results 

of MIC, MIC50 and MIC9 of selected antibiotics against a single MDR Pseudomonas aeruginosa are given in the 

Table 3.  

Table 3. MIC of different antibiotics against for MDR Pseudomonas aeruginosa. 

S. No Antibiotics MIC MIC 50 

μg/mL 

MIC 90 

μg/mL 

1 Cefotaxime 32 16 29 

2 Polymyxin B 16 8 15 

3 Ciprofloxacin 64 32 58 

Minimum Inhibitory Concentration of Non-Antibiotics 

MIC of four non-antibiotics including sertraline, loperamide, metformin and diclofenac sodium were performed for a 

single MDR pseudomonas aeruginosa. The MIC sertraline, loperamide, metformin and diclofenac sodium were of 64 

µg/mL, 32 µg/mL, 16 µg/mL and 64 µg/mL, respectively. The MIC50 values sertraline, loperamide, metformin and 

diclofenac sodium were 32, 16, 8 and 32 µg/mL respectively. In addition the MIC90 values observed were as follows; 

58 µg/mL for Sertraline, 29 µg/mL for Loperamide, 15 µg/mL  for Metformin and 58 µg/mL for Diclofenac sodium. 

Result of MIC, MIC50 and MIC90 values, of selected non-antibiotics are given in the Table 4. 

Table 4. MIC of non-antibiotics. 

S. No Non-Antibiotics MIC MIC 50 

μg/mL 

MIC 90 

μg/mL 

1 Sertraline 64 32 58 

2 Loperamide 32 16 29 

3 Metformin 16 8 15 

4 Diclofenac sodium 64 32 58 

Synergistic effects of non-antibiotics on antibiotics 

Non-antibiotics and antibiotics combination tested in-vitro against a single MDR Pseudomonas aeruginosa isolate 

were diclofenac sodium+cefotaxime, sertraline+polymyxin B, loperamide+polymyxin B and 

metformin+ciprofloxacin. Diclofenac sodium when combined with cefotaxime showed synergistic antibacterial 

activity with FIC value of 0.25. Similarly, the combination of loperamide with polymyxin B showed synergism with 

FIC values 0.5. The FIC values obtained for the combination of sertraline with polymyxin B was 0.37, while the FIC 
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value observed for metformin when combined with ciprofloxacin was 1. Results of checkerboard assay are given in 

the Table 5. 

Table 5. Results of combination of non-antibiotics and antibiotics against MDR Pseudomonas aeruginosa  

Tested Non-

antibiotic 

 

Antibiotic 

MIC (μg/mL) of Non-antibiotic MIC (μg/mL) of Antibiotic FIC 

index 

Alone Combination Alone Combination  

Diclofenac 

sodium 

Cefotaxime 64 8 32 4 0.25 

Sertraline Polymyxin B 64 8 16 4 0.37 

Loperamide Polymyxin B 32 8 16 4 0.5 

Metformin Ciprofloxacin 16 8 64 32 1 

                                       

Fig 1. Showing Checkerboard assay for synergistic effect of selected antibiotics and non-antibiotics against MDR P. 

aeruginosa  

DISCUSSION 

Hospital-acquired infections caused by P. aeruginosa are generally life-threatening and pose a great challenging to 

treat. During the current day study a total of 62 pseudomonas aeruginosa isolates were inestigated in which 85.48 % 

(53) were MDR, which is certainly is a huge number. Resistance to several antimicrobials by Pseudomonas aeruginosa 

is a major challenge in managing its infections [30, 31]. The antibiotic resistance crisis has been attributed to the 

overuse and misuse of these medications, as well as a lack of new drug development by the pharmaceutical industry 

due to reduced economic incentives and challenging regulatory requirements [32].  Similarly, Mirsalehian et al. (2010) 

reported 87.05 % of the MDR isolates that support our finding [33]. The present findings are also strengthened by 

Rahimzadehet al. (2016) who reported similar results [34]. Golshaniet al. (2015) reported that more than 63 % of the 

cases were MDR which is close to our findings [35]. More than 10 % of the isolates of Pseudomonas aeruginosa 

around the world are multi-drug resistant [36]. The present study further revealed that More than 90 % of the isolates 

were resistant to meropenem, piperacillin/tazobactam and ceftazidime. While the highest sensitivity was shown to 

polymyxin B (17 %) followed by ciprofloxacin (16 %), amikacin (14 %) and amoxicillin/clavulanic acid (14 %). 

Polymyxins are amongst the most important antibiotics in modern medicine and are currently used as last line 

treatment against MDR P. aeruginosa infections [37]. Like the present study, Banaret al. (2016) reported almost similar 

variations in the antibiotic resistance pattern of Pseudomonas aeruginosa [38]. However, the resistance to ceftazidime 

(61.4 %) was lower than the present findings. Similarly, Khosraviet al. (2016) reported highest rate of resistance to 

ceftazidime (90.5 %) and gentamicin (88.5 %) [39]. Resistance to piperacillin/tazobactam was 90.32 %, which is 

higher than that reported previously by Abbas et al. 2015 [40] and Miceket al. 2015 [41]. Sensitivity to ciprofloxacin 

and ceftazidime was 16.16 % and 9.67 %, respectively. In contrast, Sarwaret al. (2013) reported 41.5 % sensitivity to 

ciprofloxacin and 22 % to ceftazidime [42. Similarly, Ahmed at al. (2016) revealed 75.9 % sensitivity to ciprofloxacin 
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and 67.6 % to ceftazidime [43], which support the present findings. Carbapenems have been recommended in a 

number of previous studies for the treatment of MDR isolates. However, in the present study, 90 % of the isolates 

were resistant to meropenem and 87 % to imipenem. Similarly, multiple studies have shown resistance to meropenem 

such as 35 % by Rahimiet al. 2012 [44] and 62 % by Fazeliet al. 2013 [45]. Detection of carbapenems resistance and 

its comparison with the current results indicates an increase in resistance to imipenem and meropenem. Therefore, it 

is suggested that the use of imipenem and meropenem is no longer effective in burn wounds.During the current study, 

the strategy of repurposing drugs was adapted to treat multidrug resistance P. aeruginosa. Amongst the different tested 

combination of the selected antibiotics and non-antibiotics, the combination of Diclofenac sodium+cefotaxime was 

the most effective against MDR P. aeruginosa, followed by Sertraline+ Polymyxin B and Loperamide+ Polymyxin B. 

In case of the combination of Metformin+ Ciprofloxacin indifference was observed (FIC=1). Similar results were 

shown by Liu et al. 2020) with no synergistic antibacterial activity of metformin with ciprofloxacin [46]. The 

escalating levels of drug resistance render it indispensable to explore newer drugs with lesser degrees of toxicity and 

possibly fewer chances of developing resistance [47]. However the concept of reversal of resistance by means of non-

antibiotics could be a promising solution for bringing back drug resistant micro-organisms to their original sensitivity 

to the classical antibiotics. The synergistic effect of antibiotic and Non-antibiotics against MDR bacteria have been 

reported before. Haderaet al. (2018) reported the synergistic effect  of Fluconazole (antibiotic) with non antibiotics 

like fluoxetine and propranolol against C. albicans  [22]. Otto et al. (2018) documented the antibacterial activity of 

combination polymyxin B and a wide variety of non-antibiotics against Pseudomonas aeruginosa,Acinetobacter 

baumannii, Escherichia coli and Klebsiella pneumonia [23]. In particular, little is known about the underlying 

mechanisms of most drug interactions [48]. Therefore, in vitro data are important to identify promising regimens and 

provide a better understanding of the mechanisms of synergistic interaction [49].  

CONCLUSION 

The unchecked and unnecessary use of antibiotics is leading to the emergence of multidrug resistance bacteria which 

makes it difficult to treat these bacteria. Unfortunately, new antibiotics are discovered and are released to markets 

rapidly, which further contributes to the problem of antibiotic resistance. This study was aimed to evaluate the 

antibacterial potential of already present drugs against MDR P. aeruginosa. During the present study it was observed 

that, all the tested combinations except of the selected antibiotics showed synergism against MDR P. aeruginosa. Our 

findings suggest that these tested combinations have promising potential to treat MDR strains P.aeruginosa, against 

which almost all the conventional antibiotics are ineffective. However, further steps, including pharmacokinetic and 

pharmacodynamic studies and in vivo efficacy evaluation in experimental models of infection, including the dosage 

and safety, are required to confirm the usefulness of pentamidine in the treatment of infection by MDR P. aeruginosa.  

Funding  

The project was funded by the Institute of Biological Sciences, Sarhad University of Science and Information 

Technology. 

Conflicts of interest/Competing interests 

The authors declare that they have no competing interests 

REFERENCES  

1. Ramphal R, Guay C, Pier GB. Pseudomonas aeruginosa adhesins for tracheobronchial mucin. Infection and immunity. 1987 Mar;55(3):600-

3. 

2. Stryjewski ME, Sexton DJ. Pseudomonas aeruginosa infections in specific types of patients and clinical settings. InSevere infections caused 

by Pseudomonas aeruginosa 2003 (pp. 1-15). Springer, Boston, MA. 

3. Murray TS, Egan M, Kazmierczak BI. Pseudomonas aeruginosa chronic colonization in cystic fibrosis patients. Current opinion in pediatrics. 

2007 Feb 1;19(1):83-8. 

4. Ghorbani H, Memar MY, Sefidan FY, Yekani M, Ghotaslou R. In vitro synergy of antibiotic combinations against planktonic and biofilm 

Pseudomonas aeruginosa. GMS hygiene and infection control. 2017;12. 



Journal of Pharmaceutical Negative Results ¦ Volume 14 ¦ Regular Issue 03 ¦ 2023 4022 
 

5. Drenkard E, Ausubel FM. Pseudomonas biofilm formation and antibiotic resistance are linked to phenotypic variation. Nature. 2002 

Apr;416(6882):740-3. 

6. Jenny M, Kingsbury J. Properties and prevention: A review of Pseudomonas aeruginosa. J Biol Med Res. Voffl. 2018;2. 

7. Hancock RE, Speert DP. Antibiotic resistance in Pseudomonas aeruginosa: mechanisms and impact on treatment. Drug resistance updates. 

2000 Aug 1;3(4):247-55. 

8. Ritchie EG, Johnson CN. Predator interactions, mesopredator release and biodiversity conservation. Ecology letters. 2009 Sep;12(9):982-98. 

9. Drenkard E. Antimicrobial resistance of Pseudomonas aeruginosa biofilms. Microbes and infection. 2003 Nov 1;5(13):1213-9. 

10. Breidenstein EB, de la Fuente-Núñez C, Hancock RE. Pseudomonas aeruginosa: all roads lead to resistance. Trends in microbiology. 2011 

Aug 1;19(8):419-26. 

11. Kiser TH, Obritsch MD, Jung R, McLaren R, Fish DN. Efflux pump contribution to multidrug resistance in clinical isolates of Pseudomonas 

aeruginosa. Pharmacotherapy: The Journal of Human Pharmacology and Drug Therapy. 2010 Jul;30(7):632-8. 

12. Chatterjee M, Anju CP, Biswas L, Kumar VA, Mohan CG, Biswas R. Antibiotic resistance in Pseudomonas aeruginosa and alternative 

therapeutic options. International Journal of Medical Microbiology. 2016 Jan 1;306(1):48-58. 

13. Poole K. Multidrug efflux pumps and antimicrobial resistance in Pseudomonas aeruginosa and related organisms. Journal of molecular 

microbiology and biotechnology. 2001 Apr 1;3(2):255-64. 

14. Oliver A, Mulet X, López-Causapé C, Juan C. The increasing threat of Pseudomonas aeruginosa high-risk clones. Drug Resistance Updates. 

2015 Jul 1;21:41-59. 

15. Rodríguez-Baño J, Gutiérrez-Gutiérrez B, Machuca I, Pascual A. Treatment of infections caused by extended-spectrum-beta-lactamase-, 

AmpC-, and carbapenemase-producing Enterobacteriaceae. Clinical microbiology reviews. 2018 Apr 1;31(2):e00079-17. 

16. Li S, Jia X, Li C, Zou H, Liu H, Guo Y, Zhang L. Carbapenem-resistant and cephalosporin-susceptible Pseudomonas aeruginosa: a notable 

phenotype in patients with bacteremia. Infection and Drug Resistance. 2018;11:1225. 

17. Tacconelli E, Magrini N, Kahlmeter G, Singh N. Global priority list of antibiotic-resistant bacteria to guide research, discovery, and 

development of new antibiotics. World Health Organization. 2017 Feb 27;27:318-27. 

18. Cheng YS, Williamson PR, Zheng W. Drug repurposing of synergistic drug combinations as an alternative approach for the treatment of 

severe infectious diseases. Current opinion in pharmacology. 2019 Oct;48:92. 

19. Miró-Canturri A, Ayerbe-Algaba R, Smani Y. Drug repurposing for the treatment of bacterial and fungal infections. Frontiers in microbiology. 

2019 Jan 28;10:41. 

20. Nigam A, Gupta D, Sharma A. Treatment of infectious disease: beyond antibiotics. Microbiological research. 2014 Sep 1;169(9-10):643-51. 

21. Martin LW, Robson CL, Watts AM, Gray AR, Wainwright CE, Bell SC, Ramsay KA, Kidd TJ, Reid DW, Brockway B, Lamont IL. 

Expression of Pseudomonas aeruginosa antibiotic resistance genes varies greatly during infections in cystic fibrosis patients. Antimicrobial 

agents and chemotherapy. 2018 Oct 24;62(11):e01789-18. 

22. Hadera M, Mehari S, Basha NS, Amha ND, Berhane Y. Study on antimicrobial potential of selected non-antibiotics and its interaction with 

conventional antibiotics. Pharmaceutical and Biosciences Journal. 2018 Jan 23:01-7. 

23. Gautret P, Lagier JC, Parola P, Meddeb L, Mailhe M, Doudier B, Courjon J, Giordanengo V, Vieira VE, Dupont HT, Honoré S. 

Hydroxychloroquine and azithromycin as a treatment of COVID-19: results of an open-label non-randomized clinical trial. International 

journal of antimicrobial agents. 2020 Jul 1;56(1):105949. 

24. Clinical and Laboratory Standards Institute. Performance standards for antimicrobial susceptibility test- ing, 28th edition. 28th ed. Place of 

publication not identified: Clinical and Laboratory Standards Institute; 2018 

25. Pachori P, Gothalwal R, Gandhi P. Emergence of antibiotic resistance Pseudomonas aeruginosa in intensive care unit; a critical review. Genes 

& diseases. 2019 Jun 1;6(2):109-19. 

26. Holt, J. G., N. R. Krie, P. H. A. Sneath, J. T. Stately and S. T. Williams, 2013.Bergey’s Manual of Determinative Bacteriology, 9th Ed, 

Baltimore,α- Amylases from Microbial Sources, Food Technology, Williams and Wilkins. 787-812. 

27. Clinical and Laboratory Standards Institute. Performance standards for antimicrobial susceptibility test- ing, 28th edition. 28th ed. Place of 

publication not identified: Clinical and Laboratory Standards Institute; 2018 

28. Yu Y, Fang JT, Zheng M, Zhang Q, Walsh TR, Liao XP, Sun J, Liu YH. Combination therapy strategies against multiple-resistant 

Streptococcus suis. Frontiers in pharmacology. 2018 May 15;9:489. 

29. Buyck JM, Tulkens PM, Van Bambeke F. Activities of antibiotic combinations against resistant strains of Pseudomonas aeruginosa in a model 

of infected THP-1 monocytes. Antimicrobial agents and chemotherapy. 2015 Jan 1;59(1):258-68. 

30. Pachori P, Gothalwal R, Gandhi P. Emergence of antibiotic resistance Pseudomonas aeruginosa in intensive care unit; a critical review. Genes 

& diseases. 2019 Jun 1;6(2):109-19. 

31. Cohen MM. Tulsi-Ocimum sanctum: A herb for all reasons. Journal of Ayurveda and integrative medicine. 2014 Oct;5(4):251. 

32. Otto RG, van Gorp E, Kloezen W, Meletiadis J, van den Berg S, Mouton JW. An alternative strategy for combination therapy: Interactions 

between polymyxin B and non-antibiotics. International journal of antimicrobial agents. 2019 Jan 1;53(1):34-9. 

33. Mirsalehian A, Feizabadi M, Nakhjavani FA, Jabalameli F, Goli H, Kalantari N. Detection of VEB-1, OXA-10 and PER-1 genotypes in 

extended-spectrum β-lactamase-producing Pseudomonas aeruginosa strains isolated from burn patients. Burns. 2010 Feb 1;36(1):70-4. 

34. Rahimzadeh Torabi L, Doudi M, Golshani Z. The frequency of blaIMP and blaVIM carbapenemase genes in clinical isolates of Pseudomonas 

aeruginosa in Isfahan medical centers. medical journal of mashhad university of medical sciences. 2016;59(3):139-47. 

35. Golshani, ZA, Sharifzadeh VA, Ali A. The prevalence of VEB1 beta-lactamase gene in Pseudomonas aeruginosa isolated from nosocomial 

isolates with multi-drug resistance. Sci Mag Yafte. 2015; 16: 91–7. 



Journal of Pharmaceutical Negative Results ¦ Volume 14 ¦ Regular Issue 03 ¦ 2023 4023 
 

36. Safaei HG, Moghim S, Isfahani BN, Fazeli H, Poursina F, Yadegari S, Nasirmoghadas P, Nodoushan SA. Distribution of the strains of 

multidrug-resistant, extensively drug-resistant, and pandrug-resistant Pseudomonas aeruginosa isolates from burn patients. Advanced 

biomedical research. 2017;6. 

37. Hussein M, Han ML, Zhu Y, Schneider-Futschik EK, Hu X, Zhou QT, Lin YW, Anderson D, Creek DJ, Hoyer D, Li J. Mechanistic insights 

from global metabolomics studies into synergistic bactericidal effect of a polymyxin B combination with tamoxifen against cystic fibrosis 

MDR Pseudomonas aeruginosa. Computational and structural biotechnology journal. 2018 Jan 1;16:587-99. 

38. Banar M, Emaneini M, Satarzadeh M, Abdellahi N, Beigverdi R, Leeuwen WB, Jabalameli F. Evaluation of mannosidase and trypsin enzymes 

effects on biofilm production of Pseudomonas aeruginosa isolated from burn wound infections. PloS one. 2016 Oct 13;11(10):e0164622. 

39. Khosravi AD, Shafie F, Montazeri EA, Rostami S. The frequency of genes encoding exotoxin A and exoenzyme S in Pseudomonas aeruginosa 

strains isolated from burn patients. Burns. 2016 Aug 1;42(5):1116-20. 

40. Abbas SH, Naeem M, Adil M, Naz SM, Khan A, Khan MU. Sensitivity patterns of Pseudomonas aeruginosa isolates obtained from clinical 

specimens in Peshawar. Journal of Ayub Medical College Abbottabad. 2015 Jun 20;27(2):329-32. 

41. Micek ST, Wunderink RG, Kollef MH, Chen C, Rello J, Chastre J, Antonelli M, Welte T, Clair B, Ostermann H, Calbo E. An international 

multicenter retrospective study of Pseudomonas aeruginosa nosocomial pneumonia: impact of multidrug resistance. Critical Care. 2015 

Dec;19(1):1-8. 

42. Sarwar S, Sohail M, Ahmed M. Recent trends in antibiotics susceptibility pattern of Pseudomonas sp. isolated from clinical samples of Punjab, 

Pakistan. Lat Am J Pharm. 2013 Jan 1;32(8):1244-8. 

43. Ahmed OB. Incidence and antibiotic susceptibility pattern of pseudomonas aeruginosa isolated from inpatients in two Tertiary Hospitals. 

Clinical Microbiology: Open Access. 2016 Apr 30. 

44. Shah DA, Wasim S, Abdullah FE. Antibiotic resistance pattern of Pseudomonas aeruginosa isolated from urine samples of Urinary Tract 

Infections patients in Karachi, Pakistan. Pakistan journal of medical sciences. 2015 Mar;31(2):341. 

45. Fazeli H, Havaei SA, Solgi H, Shokri D, Motallebirad T. Pattern of antibiotic resistance in Pesudomonas aeruginosa isolated from intensive 

care unit, isfahan, Iran. Journal of Isfahan Medical School. 2013 Jun 8;31(232). 

46. Liu Y, Jia Y, Yang K, Li R, Xiao X, Zhu K, Wang Z. Metformin restores tetracyclines susceptibility against multidrug resistant bacteria. 

Advanced Science. 2020 Jun;7(12):1902227. 

47. Mazumdar K, Ganguly K, Kumar KA, Dutta NK, Chakrabarty AN, Dastidar SG. Antimicrobial potentiality of a new non-antibiotic: the 

cardiovascular drug oxyfedrine hydrochloride. Microbiological research. 2003 Jan 1;158(3):259-64. 

48. Bollenbach T. Antimicrobial interactions: mechanisms and implications for drug discovery and resistance evolution. Current opinion in 

microbiology. 2015 Oct 1;27:1-9. 

49. Olsson A, Wistrand-Yuen P, Nielsen EI, Friberg LE, Sandegren L, Lagerbäck P, Tängdén T. Efficacy of antibiotic combinations against 

multidrug-resistant pseudomonas aeruginosa in automated time-lapse microscopy and static time-kill experiments. Antimicrobial agents and 

chemotherapy. 2020 May 21;64(6):e02111-19. 

 

 

 

 

 

 


