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ABSTRACT 
 

This investigation determined the effect of different concentrations of Acridine Orange (AO) on selected Gram positive and 

Gram negative organisms. Twenty (20) clinical isolates of multidrug-resistant strains that included Staphylococcus aureus 

(5;25%), Escherichia coli (6;30%) Pseudomonas aeruginosa (5;25%) and Klebsiella species (4;20%), were obtained from 

the Department of Medical Microbiology, Irrua Specialist Teaching Hospital, Irrua, Edo State, Nigeria. The differences in 

drug susceptibility profiles of the isolates before and after AO-curing, were evaluated and compared. In comparison, 

Staphylococcus aureus strains 1, 2 & 4; E.coli strain 1; P. aeruginosa strain 1&4, and Klebsiella species strains 1&3 

showed statistically significant differences (P<0.05) in curing rates unlike Staphylococcus aureus strain 3 and E. coli strains 

5&6 (P>0.05). E. coli strains 2&5, P. aeruginosa strains 2&3, and Klebsiella species strain 4, showed sensitivity to a 

minimum of one antibiotic and a maximum of two to the three concentrations of AO used, while Staphylococcus aureus 

strain 5, E.coli strain 3 and Klebsiella species strain 2, showed complete resistance to all the antibiotics used. Overall, 

curing was achieved in 25%, 35% and 75% of the 50ug/ml, 75ug/ml and 100ug/ml AO-treated isolates respectively; 

depicting the concentration dependent curing potential of Acridine Orange.   
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INTRODUCTION 

 

Antibiotics resistant infections have become more 

challenging to treat with existing antibiotics leading to 

more complex infections (Carlet et al., 2011; Finley et 

al., 2013). Antimicrobial resistance is a well-known 

clinical and public health problem (Oteo et al., 2002; 

Okonko et al., 2009a). As resistance develops to first line 

antibiotics, therapy with new broader spectrum 

antibiotics that are often more expensive is used, and 

likelihood for development of resistance to the new class 

of drugs (CLSI, 2006; Radha et al., 2012). Drug 

resistance is more frequently encountered in hospital-

acquired pathogens, but in recent years, the incidence of 

antibiotic resistant pathogens in community-acquired 

infections has also been on the rise (Hooton and Levy, 

2001; Radha et al.,2012). 

 

Organisms isolated from clinical samples like P.  

 

 

aeruginosa and Enterobacter species are resistant to 

most chemotherapeutic agents (Okonko et al., 2009a), 

while pathogenic isolates of E.coli have relatively large 

potentials for developing resistance (Sahm et al., 2001; 

Karlowsky et al., 2004; Okonko et al., 2009a).  

 

Microbial resistance to drugs and other antimicrobial 

agents has been attributed to a variety of factors, which 

has to do with the intrinsic ability of microbes to develop 

resistance adaptively or acquired from the environment. 

This ability may be due to mutation at the chromosomal 

level and/or the presence of the plasmid in the genome of 

the microbes.   

     

Both chromosomal based resistance and plasmid-borne 

resistance are often associated with the transfer of gene 

or plasmids coding for such resistance. The transfer may 

be through integrons and transposons or may sometimes 

involve transduction with the help of lysogenic phages 

such as T4 phage or any of the other horizontal gene 
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transfer methods such as conjugation and transformation 

or through vertical gene transfer. Plasmids are an extra-

chromosomal unit in bacteria capable of independent 

replication within its host. The presence of plasmids 

usually confer specialised properties on microbes as a 

plus to the microbes’ intrinsic ability. The presence of 

plasmids as an extra-chromosomal unit in most bacteria 

have been identified as one of the tools through which 

they resist drugs and other antimicrobial agents. The 

most common and important mechanism through which 

Staphylococcus aureus can become resistant against β-

lactams is by expressing β-lactamases, for example, 

extended-spectrum β-lactamases (ESBLs), plasmid-

mediated AmpC enzymes, and carbapenem-hydrolyzing 

β-lactamases (Paterson and Bonomo, 2005, Poirel et 

al., 2007, Jacoby, 2009). 

 

Drug resistance is an alarming problem worldwide and is 

spreading rapidly due to overuse, self-medication and 

non-therapeutic use of antimicrobials (Slama et al., 

2015i). Antimicrobials themselves act as a selective 

pressure that allows the growth of resistant bacteria 

within a population and inhibits susceptible bacteria 

(levy, 1994). Drug resistance property in bacteria is 

usually born in R-plasmids, which can be disseminated to 

diverse population and regions causing worldwide 

problems.  R-plasmid from resistant strains of an 

organism may transfer to a sensitive counterpart which 

can show the same drug resistance in the donor train 

(Brussow et al., 2004).  

 

Plasmid-mediated multidrug resistance (MDR) presents 

serious challenges in the treatment of infectious diseases 

(Pratibha et al., 2015). The use of plasmid curing agent 

in association with antibiotics may serve as a feasible 

way to control the development and spread of antibiotic 

resistance encoded by antibiotic resistance plasmids (R-

plasmids) (Molnar et al., 2003, Gunics  et al., 2000, 

Pratibha et al., 2015). However, the majority of the 

known conventional plasmid curing agents such as 

acridine orange, ethidium bromide, sodium dodecyl 

sulphate are toxic or mutagenic and hence not 

recommended for in vivo testing and therapeutic 

applications (Amábile Cuevas et al., 2004, Pratibha et 

al., 2015).  

Acquired resistance is said to occur when a particular 

microorganism obtains the ability to resist the activity of 

a particular antimicrobial agent to which it was 

previously susceptible. This can result from the mutation 

of genes involved in normal physiological processes and 

cellular structures, from the acquisition of foreign 

resistance genes or from a combination of these two 

mechanisms. Unlike intrinsic resistance, traits associated 

with acquired resistance are found only in some strains or 

subpopulations of each particular bacterial species. 

 

 This study was aimed at studying the effects of different 

concentrations of acridine orange on selected Gram 

positive and Gram negative organism in other to establish 

the best concentration for use. Intercalating dyes such as 

acriflavine, acridine orange, ethidium bromide and 

quinacrine have been successfully used in curing bacteria 

of plasmid. Acridine has also been successfully used by 

other researchers for plasmid curing in E. coli 

(Southhamer, et al., 1963, Wechsler and Kline, 1980, 

Hahn and Ciak 1971). 

 

MATERIALS AND METHODS  

 

Sample Collection: Relying on an ethical approval, a 

total of 20 clinical isolates of multidrug-resistant bacteria 

were obtained from the Department of Medical 

Microbiology Laboratory at Irrua Specialist Teaching 

Hospital, Irrua, Edo-state of Nigeria. The isolates 

included Staphylococcus aureus (5), Escherichia coli (6), 

Pseudomonas aeruginosa (5), and Klebsiella spp (4). 

These isolates were inoculated aseptically into sterile 

nutrient agar slants, which were properly labelled and 

stored at 80C in the refrigerator. 

 

Antibiotic sensitity test: The isolated organisms were 

checked for antibiotic resistance with ceftazidime (30µg) 

cefuroxime (30µg), gentamicin (10µg), ciprofloxacin 

(5µg), ofloxacin (5µg), amoxicillin/clavulanate (30µg) 

and ampicillin (10µg). The Kirby-Bauer standardised 

disc  diffusion method (Bauer et al., 1996), was 

employed for antibiotic susceptibility of the isolates. 

Each isolate was inoculated into peptone water broth and 

the inoculums were used to seed nutrient agar plate. The 

antibiotic disc was aseptically placed on the seeded 
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plates. This was incubated at 370c for 24 hours. The 

antibiotic diffuses into the surrounding medium and 

establishes a gradient of concentration around the disc. 

The concentration of the drugs was highest in the agar 

near the disc. As the distance from the disc increases 

there was a reduction in the drug concentration (Baker et 

al., 2001; NCCLS, 2002; Cole, 2005; Chessbrough, 

2006; Okonko et al; 2009 a,b). At the end of incubation, 

the diameters of the zones of inhibition from one edge to 

the opposite edge, were measured to the nearest 

millimeter using a transparent ruler (Byron et al., 2003). 

 

The results were expressed as ‘susceptible (S)’ or 

‘resistant ®’ according to the criteria developed by 

national committee for clinical laboratory standards 

(NCCLS 2002) and Manual of antimicrobial 

susceptibility testing guidelines (Cole 2005; 

Chessbrough, 2006; Okonko et al; 2009 a,b). Multidrug 

resistance was defined as resistance to ≥3 of  the 

antimicrobial agents tested (Oteo et al., 2005). 

 

Plasmid curing by acridine orange dye: In order to 

determine the location (plasmid-borne or chromosomal) 

of the drug resistance markers to curing (elimination), 

experiments were performed by acridine orange dye 

(Salisbury et al., 1972). Curing of the plasmid in the 

bacteria isolates was performed by the method of 

Tomoeda et al. (1968) with slight modification. Acridine 

orange (50µg/ml, 75µg/ml and 100µg/ml) were used to 

cure the plasmid. 

 

An overnight culture of each organism in brain heart 

infusion broth was done. 1ml of each dilutions/ 

concentrations of acridine orange was added to 20ml of 

brain heart infusion broth, to obtain the desired 

concentrations. 

 

The broth mixture was inoculated with (50µl) of each 

isolate collected from an overnight culture grown in brain 

heart infusion broth. It was properly mixed. Positive and 

negative controls were also run. Positive control 

contained only cells and no acridine orange while 

negative control contained only acridine orange and no 

cells, and incubated in water bath at 370c for 24hours 

with minimum agitation at intervals. It was then 

subcultured into the nutrient agar and was incubated at 

370c for 24hours. Antibiotic sensitivity was done on the 

cured cells (as described above). 

 

The cured plasmid cells were detected by comparing the 

development of bacterial colonies on the cured plates 

before and after curing.  Cured markers were determined 

by comparison between the pre and post curing 

antibiograms of isolates. Loss of resistance markers gives 

an indication that the markers were probably located on a 

plasmid and not the chromosomes.     

 

RESULTS.  

 

This study looked at 1 Gram-positive and 3 gram 

negative organisms commonly encountered in a clinical 

setting to demonstrate their resistant profile. The result 

showed that from the five strains of Staphylococcus 

aureus that represented the Gram-positive organisms 

tested with 50ug/ml, 75ug/ml, and 100ug/ml of AO, 

strains1, 2 and 4 showed significant differences in the 

curing rate (p<0.05), while strain 2 showed no significant 

difference (p>0.05). Strain 5 however, remained the same 

before and after curing.  

 

The results showed also that both 50ug/ml and 75ug/ml 

of AO, had effect in 2 out of the 5 strains of 

Staphylococcus aureus used, while 100ug/ml of AO had 

an effect on 3 strains out of the 5 strains used (see Table 

1). Regarding the effect of the different concentration of 

AO on the 6 strains of E. coli used, it was observed that 

50ug and 75ug/ml of AO had effect on strains 1 and 2 

respectively, while the 100ug/ml of AO had effect on 4 

strains (see Table 2). 

 

The results of the 5 strains of  P. aeruginosa tested 

revealed that both 50ug and 75ug/ml of AO had an effect 

on only 1 strain, while 100ug/ml of AO had an effect on 

5 of the strains (see Table 3). Table 4 shows the profile 

of Klebsiella strains tested The 50ug/ml and 75ug/ml of 

AO had effect on 1 and 2 strains respectively, while 

100ug/ml of AO was effective on 4 strains. Overall, 

50ug/ml, 75ug/ml and 100ug/ml of AO cured 25%, 35% 

and 75% of the isolates respectively. 
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TABLE 1: SENSITIVITY PROFILE OF STAPHYLOCOCCUS AUREUS BEFORE AND AFTER TREATMENT WITH 50 µg/ml, 75 µg/ml, AND 100 µg/ml. 

CONCENTRATIONS OF ACRIDINE ORANGE 

ISOLATES 

 

TEST 

(Curing) 

CONC.  OF 

AO 

zones of inhibition(mm) around the antibiotic disc 

CAZ CRX   GEN     CPR    OFL        AUG       AMP             X2            P-value          REMARK                                  

Staph. aureus Before  23 0 0 0 0 0 0    

Strain 1 After 50µg/ml 18 0 0 0 0 17 0    

  75µg/ml 23 0 0 0 0 17 0 96.65 P=0 P<(0.05) 

  100µg/ml 23 0 15 20 16 18 0    

Staph.aureus Before  0 0 18 12 0 26 0    

Strain 2 After 50µg/ml 0 0 18  15        14 0 0    

  75µg/ml 0 0 18 16 15 0 0 87.49 P=0 P< (0.05) 

  100µg/ml 0 0 18 17 16 0 0    

Staph.aureus Before  0 0 0 25 24 0 0    

Strain 3 After 50µg/ml 0 0 0 11 19 0 0    

  75µg/ml 0 0 0 20 20 0 0 1.96 P=0.5 P>(0.05) 

  100µg/ml 0 0 0 25 24 0 0    

Staph.aureus  Before  0 0 14 15 0 0 0    

Strain 4 After 50µg/ml 0 0 15 10 0 0 0    

  75µg/ml 0 0 16 12 0 0 0 70.13 P=0 P<(0.05) 

  100µg/ml 19 15 18 17 16 0 0    

Staph. Aureus Before  0 0 0 0 0 0 0    

Strain 5 After 50µg/ml 0 0 0 0 O 0 0    

  75µg/ml 0 0 0 0 0 0 0 NOT   

  100µg/ml 0 0 0 0 0 0 0 APPLIED   
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TABLE 2: SENSITIVITY PROFILE OF ESCHERICHIA COLI BEFORE AND AFTER TREATMENT WITH 50 µg/ml, 75 µg/ml, AND 100 µg/ml. 

CONCENTRATIONS OF ACRIDINE ORANGE 

 

ISOLATES 
 

 

TEST (Curing) 

Zones of inhibition(mm) around the antibiotic disc 

CAZ      CRX      GEN      CPR          OFL        AUG        AMP       X2          P-value      REMARK                                 

E. coli  Before 21 11 17 0 0 0 0 

Strain 1 50µg/ml 17 12 15 0 0 0 0 

 75µg/ml 20 13 19 0 0 0 0            86.65         P=0          P<(0.05) 

 100µg/ml 18 11 17 0 0 0 0 

E.coli  Before 0 0 0 0 0 0 0 

Strain 2 50µg/ml 0 0 0  0        0 0 0 

 75µg/ml 0 0 0 0 0 0 0 

 100µg/ml 0 0 0 15 0 0 0 

E.coli  Before 0 0 0 0 0 0 0 

Strain 3 50µg/ml 0 0 0 0 0 0 0 

 75µg/ml 0 0 0 0 0 0 0 

 100µg/ml 0 0 0 0 0 0 0 

E.coli  Before 0 0 0 0 0 0 0 

Strain 4 50µg/ml 0 0 0 0 0 0 0 

 75µg/ml 0 0 0 0 0 0 0 

 100µg/ml 0 18 0 0 0 0 0 

E.coli  Before 0 0 0 0 0 0 0 

Strain 5 50µg/ml 0 0 0 0 O 0 0 

 75µg/ml 0 0 0 21 13 0 0             0.9              p= 0.9          P>(0.05) 

 100µg/ml 0 0 0 22 17 0 0 

E.coli  

Strain 6 

 

 

Before 

50µg/ml 

75µg/ml 

100µg/m 

0 

18 

18 

20 

0 

0 

0 

16 

0 

0 

0 

13 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0             32.34          P=0.19         P> (0.05) 

0 

0 

0      
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TABLE 3: SENSITIVITY PROFILE OF PSEUDOMONAS AERUGINOSA BEFORE AND AFTER TREATMENT WITH 50 µg/ml, 75 µg/ml, AND 100 µg/ml. 

CONCENTRATIONS OF ACRIDINE ORANGE 

 

ISOLATES 

TEST 

(Curing) 

 

Zones of inhibition(mm) around the antibiotic disc 

CAZ  CRX   GEN     CPR     OFL  AUG   AMP         X2                P-value        

 

P. aeruginosa  Before 0  0 13 22 15 0 0 

Strain 1 50µg/ml 18 16 16 21 17 0 0 

 75µg/ml 16 0 13 22 15 0 0             89.3            P=0                  P<(0.05) 

 100µg/ml 17 0 12 23 15 0 0 

P. aeruginosa Before 0 0 0 0 0 0 0 

Strain2 50µg/ml 0 0 0  0        0 0 0 

 75µg/ml 0 0 0 0 0 0 0 

 100µg/ml 14 0 0 0 0 0 0 

P. aeruginosa Before 0 0 0 0 0 0 0 

Strain 3 50µg/ml 0 0 0 0 0 0 0 

 75µg/ml 0 0 0 0 0 0 0 

 100µg/ml 0 0 16 20 15 0 0 

P. aeruginosa Before 0 0 14 15 0 0 0 

Strain 4 50µg/ml 0 0 15 10 0 0 0 

 75µg/ml 0 0 16 12 0 0 0                80.5          P=0               P<(0.05) 

 100µg/ml 19 15 12 17 16 0 0 

P. aeruginosa Before 0 0 0 0 0 0 0 

Strain 5 50µg/ml 0 0 0 0 O 0 0 

 75µg/ml 0 0 0 0 0 0 0 

 100µg/ml 18 0 0 0 0 0 0 
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TABLE 4: SENSITIVITY PROFILE OF KLEBSIELLA SPECIES BEFORE AND AFTER TREATMENT WITH 50 µg/ml, 75 µg/ml, AND 100 µg/ml 

CONCENTRATIONS OF ACRIDINE ORANGE 

ISOLATES 

 

TEST 

(Curing) 

Zones of inhibition(mm) around the antibiotic disc 

CAZ  CRX    GEN     CPR    OFL     AUG     AMP         X2      P-value       REMARK                                  

Klebsiella 1 Before 0 0 0 26 24 0 0 

 50µg/ml 0 0 0 20 15 0 0 

 75µg/ml 0 0 0 19 17 0 0           32.9        P=0           P<(0.05) 

 100µg/ml 13 0 0 21 18 0 0 

 

Klebsiella 2 Before 0 0 0 0 0 0 0 

 50µg/ml 0 0 0 0        0 0 0 

 75µg/ml 0 0 0 0 0 0 0 

 100µg/ml 0 0 0 0 0 0 0 

 

Klebsiella 3 Before 0 0 24 0 0 0 0 

 50µg/ml 15 11 19 0 0 0 0 

 75µg/ml 18 20 19 0 0 0 0           36.2         P=0           P<(0.05) 

 100µg/ml 22 26 27 0 0 0 0 

Klebsiella 4 Before 0 0 0 0 0 0 0 

 50µg/ml 0 0 0 0 0 0 0 

 75µg/ml 0 0 0 15 0 0 0         

 100µg/ml 0 0 0 18 0 0 0 
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DISCUSSION  

Plasmid curing is the treatment of bacteria cells that interferes with plasmid replication. This treatment leads to the 

elimination of plasmid from cell culture using plasmid curing agents (chemical or physical agents), which would result in 

the production of plasmid-less strains from the cell culture. Bacteria with stable plasmids can be treated with curing agents. 

These include chemical and physical agents, some of which can mutate DNA, interfere specifically with its replication or 

affect particular structural component or enzymes of the bacterial cells. Laboratory methods are therefore needed to detect 

acquired resistance in bacterial species that are not intrinsically resistant. These same methods are used for monitoring rates 

of acquired resistance as a means of combating the emergence and spread of acquired resistance traits in pathogenic and 

non-pathogenic bacteria species.  Acquired resistance results from successful gene change and/or exchange that may 

involve:  mutation or horizontal gene transfer via transformation, transduction or conjugation. (Martinez and Baquero, 2000; 

Kolàř et al., 2001; Kumar and Schweizer, 2005; Higgins,2007).  

In this study, we evaluated the sensitivity of the isolates to the antibiotics commonly used in our study environment and 

found that the most (entire) isolates showed multiple drugs resistance before curing with AO, in order to ascertain if this 

multiple resistance was inert or acquired via a plasmid. The antibiotic susceptibility/sensitivity pattern of all isolates before 

treatment with Acridine Orange showed that all isolates were completely resistant to ampicillin (100%) and almost 

completely resistant to amoxicillin-clavulanate (95%) and cefuroxime (95%). They also showed high resistance to 

ceftazidime (90%) ofloxacin (85%), gentamicin (70%) and ciprofloxacin (70%). 

The total resistance recorded against ampicillin (100%) and amoxicillin/clavulanate (95%) is worrisome because these 

drugs are used routinely to treat a myriad of human diseases in our setting. A similar case was observed by Omogberale et 

al., 2014 were 100% resistance for amoxicillin and ampicillin was recorded in their study on antibiotic resistance pattern of 

Staphylococcus aureus isolated from the high vaginal swab and urethral swab. The same worry with particular reference to 

amoxicillin was expressed by Otajevwo and Mommoh (2013) were 100% resistance to amoxicillin was recorded on their 

report on resistance marker loss of multidrug-resistant Staphylococcus aureus strains.  

The high amoxicillin resistance rate of 95% in this study is comparable to those of other researchers were 92% resistance 

was reported by Akortha and Egbule (2008) on their study on the transfer of tetracycline resistance gene between replicons 

in some enteric bacteria of diarrhoeal origin from some settings (hospital) in south-south Nigeria. 

The rate of isolates resistance to gentamicin (70%) in this study was high. This does not agree with the report (17.9%) of 

Yah et al., 2008, on their study on the plasmid-borne antibiotic marker of Serratia marcescent and increased prevalence in 

HIV & AIDs patient and the reports (17.7%) of Akortha and Filgona (2009). on their study on the transfer of gentamicin 

resistance genes among Enterobacteriaceae isolated from an outpatient with urinary infection attending 3 hospitals in Mubi 

Adamawa state. 

The results of this study showed high-level resistance of all isolates towards cefuroxime (95%) this agrees with the findings 

of Tula and Iyoha(2014) who reported high resistance towards cefuroxime(93.1%) on their study on distribution and 

antibiotic susceptibility pattern of bacterial pathogens causing urinary tract infection in Mubi General Hospital Yola-

Nigeria. Similarly, Adeleke et al., 2014 reported high resistance towards cefuroxime (81.8%) on their study on the 

susceptibility of some gram positive and gram negative bacteria against some brand of amoxicillin. However, this is 

contrary to the report of Yah and Eghafona (2008) who reported low resistance (6.6%) of their diarrhoea isolates toward 

cefuroxime on their study on Plasmid: A vehicle for rapid transfer of antibiotic resistance markers of Salmonella species in 

animals. 
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Elimination of plasmid with dye inhibit replication and results in plasmid-free segregants during subsequent cell division 

(Akortha and Aluyi., 2002). Curing of the resistant plasmid with dye gives an indication that the mechanism of resistance is 

plasmid mediated. 

In this study, after treatment with acridine orange dye at 50µg/ml, 70µg/ml and 100µg/ml concentrations isolate that showed 

resistance to some antibiotics became sensitive to it. Improvement of zone of inhibition of isolates that were first susceptible 

to some antibiotics was observed a similar observation was reported by Otajavwo and Momoh (2013) on their study on 

Resistance marker loss of multi-drug resistant(MDR) Staphylococcus aureus strain after treatment with dilutions of 

Acridine orange  

Cured cells were achieved in many isolates at the various concentrations used, where the comparison of the difference in 

curing rate for Staphylococcus aureus 1, 2, and 4: E. coli 1: P.aeruginosa 1 and 4 and Klebsiella species 1 and 3. Were 

statistically significant. P< 0.05. But Staphylococcus aureus 3, E. coli 5 and 6 was not statistically significant. P> 0.05.  

E.coli 2 showed sensitivity only to ciprofloxacin at 100 µg/ml, E. coli 4 showed sensitivity only to cefuroxime at 100 µg/ml, 

while E. coli 5 showed sensitivity to ciprofloxacin and ofloxacin both at 75 µg/ml and 100 µg/ml concentrations of acridine 

orange treatment while they were completely resistant to all other antibiotic used before and after curing. A similar case was 

observed for P. aeruginosa 2 which was only sensitive to ceftazidime at 100 µg/ml and P. aeruginosa 3 which was only 

sensitive to gentamicin ciprofloxacin and ofloxacin at 100 µg/ml we also noticed that Klebsiella pneumonia  4 was only 

sensitive to ciprofloxacin at 100 µg/ml. statistical analysis was not possible because of few data. This could be as a result of 

mutation of other antibiotic genes in the isolates, with no mutation of these particular genes to which the isolates are 

sensitive to. This can be linked to the fact that Acridine orange dye (mutagenic) are said to cause potential mutation on the 

host chromosome which interferes with the functional analysis of the plasmid  (Segen’s Medical Dictionary, 2012). Also, 

the isolates coming from a hospital setting may have an impact on the sensitivity pattern. 

Staphylococcus aureus 5, E. coli 3 and Klebsiella species 2 showed complete resistance to all antibiotics used before and 

after curing with acridine orange dye treatment. And thus statistical analysis was not applicable as there were no 

comparisons to be made. This shows that the encoding genes of resistance to antibiotics possessed by these isolates are 

located in the chromosomal DNA. It could be that these isolates are hospital acquired (nosocomial) since antibiotics are 

frequently used within the hospitals as such these types of bacteria and their resistance to antibiotics are different from 

bacteria outside of the hospital settings as they are more difficult and serious to treat. (Brusaferro et al., 2015). 

When the isolates were treated with 75µg/ml concentration of acridine orange 5% loss of their amoxicillin/clavulanate 

resistance was observed in this study, Both using 75 µg/ml concentrations of acridine orange treatment. In this study, 95% 

resistance to amoxicillin/clavulanate for Pseudomonas aeruginosa, Klebsiella species, and E. coli was observed this is 

comparable to the high resistance reported from the study of Aluyi et al., 2013 using 10% SDS with a curing rate of 71.4% 

resistance to amoxicillin for Pseudomonas aeruginosa, 86.9% resistance for Klebsiella species and 71.4% resistance for 

E.coli were reported  on their study on Multiple  antibiotic resistance among bacteria isolated from hospital environment 

Benin-city Edo-state, Nigeria. 

In this study, some isolates that were sensitive to a particular antibiotic before curing became resistant to the same antibiotic 

after curing with 50µg/ml, 75µg/ml and 100µg/ml concentrations of acridine orange treatment. Also, some isolates were 

susceptible at 50µg/ml concentration but became resistant at 75µg/ml and 100µg/ml concentrations. This could be as a 

result of the mutagenic ability of acridine orange dye. (Segen’s Medical Dictionary, 2012), many isolates in this study 

retained their resistant ability to the same antibiotic they were resistant to after treatment with the three concentrations of 

acridine orange.this finding in this study is related to the findings of Elufisan and Adeleke, 2012 who reported that forty 
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percent of their Staphylococcus aureus isolated from HVS Swab in their study survived after curing with mutagen (sodium 

dodecyl sulphate at a concentration of 250µg/ml and 500µg/ml). While eighty percent of the isolates from Wound swab 

survived after curing with mutagen on their study on the Epidemiological role of plasmid curing in the identification of 

Staphylococcus aureus route of infections. 

It is, however, important to note that not all antibiotic resistance gene is plasmid mediated (Shoemaker et al., 1992). It may 

also be noted that copies of the plasmid lying closer to the membranes are completely eliminated by chemical agents while 

those lying close to the nucleus may escape the curing effect thereby one may observe partial curing (Jenks et al.,1995) 

In this study, curing were achieved with 50µg/ml, 75 µg/ml and 100 µg/ml this correlates with the reports of Zaman et al., 

2010 who reported that cured cells were achieved with a frequency rate of 5.55% (with 50 µg/ml) and 11.7% (with 

75µg/ml). acridine orange treatment on their study on plasmid curing of Escherichia coli cells with Ethidium bromide, 

sodium dodecyl sulphate and acridine orange. The reports from Adeleke et al., 2014 also states that antibiotic resistance in 

the six bacterial isolates in their study after exposure to mutagens at 200µg/ml, 12 µg/ml and 10 µg/ml concentrations of 

SDS. Supports an R-plasmid mediated resistance from their study on the susceptibility of some Gram positive and Gram 

negative against some brands of amoxicillin-clavulanic acid.  

The results obtained in this study shows that amongst the three concentrations of Acridine orange treatment used 100µg/ml 

were able to cure plasmid successfully at a higher rate than the other two concentrations (50µg/ml and 75µg/ml). These 

findings disagree with those of Zaman et al., 2010 who reported that no cured cells were obtained for 100 µg/ml 

concentration of acridine orange treatment with particular reference to Escherichia coli. 

As it has been reported that most pathogens acquire their antibiotic resistance gene through transposons, chromosomes or 

another plasmid (Norma et al., 2004) it is necessary to elaborate and enhance ways of controlling this phenomenon.   

In conclusion, we found that any strain of the organism that showed an effect at 50ug and 75ug/ml also did at 100ug/ml of 

AO, but 100ug/ml of AO had effect where no other concentration had an effect. In summary, 50ug/ml of AO had an effect 

on 25 isolates, 75ug/ml of AO had an effect on 35% of the isolates and 100ug/ml of AO had an effect on 75% of the 

isolates. This result put 100ug/ml of AO as the best concentration for use when curing Gram positive and Gram negative 

bacteria.  
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