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Abstract 
  

    The effect of sub-minimal inhibitory concentrations (sub-MICs) of three 
antibiotics   (amikacin, ceftazidim and ciprofloxacin)  on production ability of  
pyocyanin  by Pseudomonas aeruginosa was studied .It was found that 
ciprofloxacin and ceftazidim were the most effective antibiotics followed by 
amikacin  .The treatment with ciprofloxacin rendered the production of 
pyocyanin restricted to control growth. Ciftazidim completely suppressed the 
production on 0.5 and 0.25 of the MIC . On the other hand  91.66% of the 
isolates were suppressed on 0.125 of the MIC. Amikacin completely inhibited the 
production on 0.5 of    the MIC and 75% of the isolates were suppressed on 0.125 
of the MIC,but only 8.33% were suppressed on 0.125 of the MIC. 

 
  المستخلص

  
درس تاثير التراكيز تحت المثبطة الدنيا للمضادات الحياتية ،الاميكاسين والسفتازديم والسبوفلوكساسين      

   pseudomonas aeroginosa    على انتاج صبغة البايوسيانين فى 
  

ضاد الحيـاتى   د وجد ان المضاد الحياتى السبروفلوكساسين والسفتازديم هما الاكثر فعالية يليهما الم           لق    
اظهرت المعاملة بالمضاد الحياتى السبروفلوكساسبن  ان الانتاجية قد ااقتـصرت فقـط علـى        .الاميكاسين  

ثبطـة  لم مـن التراكيـز ا     ٠,٢٥و  ٠,٥السيطرة ،امـا الـسفتازديم فقـد كـبح تمامـا الانتاجيـة فـى                
اما الاميكاسين  . طة الدنيا    من التراكيز  المثب    ٠,١٢٥من العزلات قد كبح انتاجها فى       %٩١,٦٦الدنيا،بينما

من التراكيز  ٠,٢٥من العزلات كبح فى     % ٧٥من التراكيز المثبطة الدنيا و    ٠،٥فقد ثبط الانتاجية تماما فى      
  .ن التراكيز المثبطة الدنيا  م٠,١٢٥من العزلات قد كبح فى % ٨,٣٣المثبطة الدنيا ولكن فقط 

Introduction 
 
     In parallel with the rapid development of a wide antimicrobial agents since the 
1940s bacteria have proved  extremely adaptable to  developing resistance  to each 
new agent that comes along ,and this has led to the ineffectiveness of many promising 
agents [1]. 
     There are several factors concerning the widespread of resistance throughout 
 bacterial population. These factors, including self prescription, random uses and 
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continuous exposure to different antibiotics in the form of underdosage, tend to 
accumulate the antibiotics at sub-minimal inhibitory concentration  in sub-MIC in the 
body[ 2] . 

  
     The ability of antibiotics to suppress many virulence factors has been reported by 
many  . studies In P. aeruginosa , many studies investigated the effect of sub-
therapeutic levels of several antibiotics on a number of virulence factors which were 
related to invasive disease including alginate, protease, toxin and cell-associated 
surface structure [3,4,5] . 
 
     In this study, we evaluat the influence of sub-MIC (0.5MIC, 0.25MICand 
0.125MIC) of three antibiotics  (amikacin, ceftazideme and ciprofloxacin )on one of 
virulence factors ,the pyocyanin a blue phenazine pigment  secreted   in patients 
infected by P.aeroginosa isolated . 

  
Materials and Methods 

  
Bacterial  isolates 

  
     Twelve isolates were selected to be used in this study which was made to produce 
pyocyanin from previous work [6].  

 
Determination of minimal inhibitory concentrations (MIC) 
 
       The MICs of amikacin, ceftazideme (Eron S.A.,Coba) and ciprofloxacin were 
determined by using difold dilution method on Muller-Hinton broth as recommended 
by [7] .In this study , the point of minimum inhibitory concentrations (MIC) and the 
point of  pyocyanin inhibition concentrations were determined. The MICs were 
defined as the lowest concentrations of antibiotics inhibited the visible  growth of 
bacteria after 18hr of incubation at 37C[8] .  
 
     The production of pyocyanin tested on the tubes represents  the 0.5 ,0.25 and 0.125 
of the MIC by visible  color . 

  
      The Procedure can be summerized as shown below  

1. 1 ml  of serial difold dilution of each antibiotic was prepared in 
addition to positive and negative  controls. 

2. 1 ml of bacterial suspention (1000000 CFU /ml )was added to each test 
tube except negative control tube. 

3. All the test tubes were incubated at 37 C for 24  h. 
4. The results of MIC and pyocyanin inhibition concentrations were  read  

as the example below Ex.isolate number 1 , antibiotic ciprofloxacin 
 

Antibiotic 
concentration 8 4 2 1 0.5 0.25 0.125 Positive 

control 
Negative 
control 

isible growth  - - - + + + + + - 
Visible pyocyanin - - - - + + + + - 

       This table reveals the MIC =4µg/ml , 0.5MIC = 2µg/ml,0.25MIC=1µg/ml, 
0.125MIC=  0.5µg/ml that for( isolate number 1) ,Morever this table shows that the 
0.5MIC , 0.25MIC (which have visible growth )inhibited pyocyanin production . 
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Results and Discussion 
 
     The effect of amikacin on pigmentation ability is shown in figure (1) The obtained 
results reveal that the isolates are completely suppressed to produce pyocyanin on 0.5 
of the MIC ,whereas  (75%) of the isolates are suppressed on 0.25 of the MIC . While 
in 0.125 of the MIC ,only (8.33%) of tested isolates comissioned  their ability to 
produce the pyocyanin .  

 
 

Fig. (1):  The effect of  amikacin on production of pyocyanin 
 

       When the isolates were treated with ceftazideme ,the established results show a 
complete suppression on the ability  to produce the pigment on 0.5 ,0.25 of the MIC 
and  
(91.66%) of the isolates were suppressed on 0.125 of the MIC (figure 2 ).  

Fig. (2):  The effect of ceftazideme on production of pyocyanin . 
 

       However, the treatment with ciprifloxacin exhibits that the production of pigment 
was restricted to the control growth (no antibiotic) except, in one isolate which was 
inhibited on 0.5 of the MIC (figure 3 ) .  

0

2 0

4 0

6 0

8 0

1 0 0

1 2 0

1 2 3

P a r t  o f  M IC

%
 o

f t
he

 is
ol

at
es

0.5MIC                   0.25MIC                   0.125MIC       
         

0.5MIC                   0.25MIC                   0.125MIC        



  
Fig. (3)   The effect  of ciprofloxacin on production of pyocyanin . 

         
      The treatments with ciprofloxacin and  ceftazideme were found to be the most 
effective ,even when it was used in very low dosage (0.125 of the MIC ) and followed 
by amikacin . These results may be explained according to mechanism role of 
antimicrobial agents which are adopted in this study . Ciprofloxacin  acted  by   
inhibiting the activity of DNA gyrase  and   the therapy prevented supercoiling of 
bacterial chromosome ,mining the activity on the DNA  replication stage [9] 
therefore, the antibiotic may interfere with the expression of pyocyanin production . 
Ceftazideme, which is considered as  a member of β-lactam antibiotic, acts by 
inhibiting cell wall synthesis by binding to enzymes which is  known a  penicillin 
binding protein (PBPs) which is responsible for final stage of cross linkage of 
bacterial cell wall [9] .so the exposure to antibiotic may alter the binding site of the 
pigment with the  cell wall especially early known[10] which bond the pyocyanin 
with the cell wall of the bacteria .  

  
      Amikacin inhibits protein synthesis by blocking the binding site on ribosome, 
mining  the actual role on the translation stage [9] ,so the treatment may interfere with 
one or more enzymes which are essential  in the pigment formation ,therefore; we 
observed the influence has gradually decrease with treatment dose . 
 
       Furthermore, the exception which is noted with ciproflxacin may refer to 
individual variation or the specificity which distinguishes each isolatese, especially 
the pyocyanin production reported previously as one of secondary metabolic 
substances which is influenced by environmental culturing and ionic strength medium 
[11, 12]. 

  
       Our results come in agreement with several other studies using other antibiotics  
 [3,4] .  On the other hand many authors emphasize the importance of suppression of 
the pyocyanin production by P .aeroginosa as one of virulence factors which impairs 
the normal function of human nasal cilia [13], disturbs respiratory epithelium[13], 
exerts pro inflammatory effect on human phagocytes and is possibly responsible for  
neutrophil- mediated tissue damage [14] , and acts synergistically with siderophore to 
generate hydroxyl radical capable of producing endothelial cell damage [15].  
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     In addition to that different mutations may occur as a result of continuous exposure 
to antibacterial agents. These mutations may alter many factors like sigma factor 
(Rpos). The rops mutation leads to increase the production of the  phenazine antibiotic 
pyocyanin and these appear to enhance chronic  lung infection in rat [16].  
     Finally, more investigations are needed to study the precise action of antibiotics of 
sub-MICs on expression of pyocyanin production by P. aeruginosa.  
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