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Abstract 
   Genus Pseudomonas includes different species, each has the ability to produce different types of 
characteristic exopigments with their various manners of activities. This study includes production of 
Pseudomonas pigments like Pyocyanin and fluorescin in liquid culture media and used to examine their 
antibacterial activity. Also their cytotoxic effects on normal cell (Vero cell line) were used in vitro. The results 
revealed that pyocyanin pigment has growth stimulatory effect on vero-cell line caused increase in the growth 
of the cells number, especially at a concentration 30-40%, while fluorescin has cytotoxic inhibitory effect on 
vero-cell line causing inhibition in growth of the cells number, the inhibition ranged from 55-75%, especially 
at a concentration 30-40%. Pseudomonas exopigments are effectual antigrowth agents against different 
bacterial isolates, as well as human cells lines. 
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  الʳلاصة
ت ʦʹǽ جʝʻ الʜوائف عʙدا مʧ الانʨاع الʺʱʵلفة الʱي لها القابلʽة على انʱاج انʨاع مʱعʙدة ومʱʵلفة مʧ الʰʸغات الʺʺʜʽة والʱي لها تأثʛʽا   

 ʧʺʹلفة. تʱʵغة مʰʸغات، ؗالʰʸه الʚه ʧد مʙلاص عʵʱاج واسʱان ʘʴʰرقةالʜʺاء الʛʹʵال )ʧʽانʽسʨايʰوال )الʧديʛفʨايʰ فʸال ʦت ʘʽاء. حʛ
 ʨʺها على نʛʽتأث ʧف عʷؔال ʧة، فʹلا عʽضʛʺا الȄʛʱȞʰاع الʨان ʧد مʙلع ȑʛʽʱȞʰال ʨʺʻال Ȍʽʰʲغات على تʰʸه الʚة هʽقابل ʟʴفʡʨʢا خǽلاʵ

ʸلʵʱʶʺة والʽعʽʰʢغة الؔلى الʰائج ان صʱʻال ʗʻʽب ʘʽقي. حȄʛد الافʛؗلى الق ʧة وخاصة ة مʽعʽʰʢا الؔلى الǽخلا ʨʺʻل ʜفʴم ʛʽلها تأث ʧʽانʽسʨايʰال
 ʜʽ ʛؗت ʙʻغة40-30عʰʸا ؗان لʺʻʽال %، بʧديʛفʨايʰ  ʜʽ ʛؗت ʙʻخاصة ع ʨʺʻلل Ȍʰʲم ʛʽوائف %.75-55تأثʜا الȄʛʱȞʰة لʽارجʵغات الʰʸأن ال 

  .الʺʙروسةالʨʺʻ للʵلاǽا الʺʱʵلفة في تȌʽʰʲ هي عʨامل فعالة 
  ــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ

Introduction 
ecently, too much usages of 
antibiotics cause the emergence of 
greatly resistant strains of bacteria, 

this is a difficult for critical care 
physicians because there are now several 
microbes that can only be effectively 
treated with a restricted group of 
antimicrobial members. Multi-drug 
resistant bacterial infections are related to 
increase morbidity and mortality, length 
of hospital admissions and fees of care. To 
lessen the selection burden for resistance, 

it was very significant to search for new 
antibiotics [1]. 

Pseudomonas aeruginosa is a major 
source of bacteraemia in victims of burns, 
catheterized patients with UTIs, and 
nosocomial pneumonia in patients with 
endotracheal tube in ICU. Also, it is the 
main cause of morbidity and mortality in 
patients with cystic fibrosis with long-
term colonization of the lungs with this 
bacteria, due to abnormal airway epithelial 
layer [2]. 

R
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These infections are difficult to cure, due 
to the natural resistance of this organism 
to antibiotics, P. aeruginosa produces 
many proteins, several of them have 
significant biological effects against 
different pathogens, that cause these 
different diseases [3]. 

Pseudomonas  aeruginosa is an 
optimistic pathogen of humans. It is a 
member of the bacterial group Pseudo-
monadaceae, that is widely spreading in 
the environment. It is widely disseminated 
in the nature and is commonly present in 
hospital environment. It causes diseases in 
immune-compromised humans [4]. 

Pseudomonas yields a number of 
extracellular pigments, as the phenazines 
is the most major case. The important and 
significant characteristic feature of P. 
aeruginosa is the production of the 
soluble type pyocyanin pigment: a 
phenazine compound, which is a water-
soluble blue green pigment. 

Pyocyanin had been implicated as an 
eminent reversible dye with its redox 
potential like that of menaquinone. It has 
different and special effects on the 
prokaryotic cells as a pharmacological 
agent; these biological activities are 
related to the resemblance in its chemical 
structure to flavoproteins, isoalloxazine, 
mononucleotide, flavin and flavin adenine 
dinucleotide compounds. Also, it is used 
for phytopathogens control [5]. 
Additionally, downstream processing and 
bioprocessing of pyocyanin pigment for 
aqua-culture uses have been informed [6]. 

While the less virulent species is P. 
fluorescens, that can cause opportunistic 
infections in humans in acute form, and it 
has been stated in clinical lab. samples 
from the lungs, stomach, and mouth. The 
most public site of its infection is the 
bloodstream. Most described cases are 
bacteremic cases, attributed to transfusion 
of the products of contaminated blood [7]. 

    The secretion of the fluorescent 
pyoverdine pigment, (that is officially 
known as fluorescein), is what conveys P. 
fluorescens with its fluorescence 
properties under the Ultra-Violet light. 
Fluorescin is a high-affinity iron-chelating 

compound (siderophore), that is vital for 
bacterial growth, gaining of iron from the 
environment, and survival. Fluorescin is 
considered as the chief siderophore 
member of P. fluorescens [8]. 

This research aims to study the 
inhibitory effect of pyocyanin and 
fluorescin exopigments against different 
bacterial isolates, with their effects on 
human normal cells. 
 
Materials and Methods 
Clinical isolates: 
  Different clinical isolates were obtained 
from Microbiology lab/college of 
medicine, University of Babylon, Iraq. 
These isolates included P. aeruginosa, P. 
fluorescens, Klebsiella pneumoniae, E. 
coli, Staphylococcus aureus, S. 
epidermidis, and S. haemolyticus. 
Purification of pigments (pyocynin and 
fluorescins) by HPLC: 
High performance liquid chromatography 
(HPLC) was performed at Ultra-Violet 
visible detector set at 340 nm and the used 
column is (250×4.6 mm) and C18.5 μm 
particle size was used. The mobile phase 
was 100% acetonenitrile. The flow rate 
was 1.2 ml.min-1. The temperature of 
column was conserved at 30° C. The 
peaks obtained were compared with the 
standard  
Effect of pyocyanin and fluoresceins on 
bacterial growth 
After purification of pigments, the effect 
of these exopigments on the bacterial 
growth was tested by using enzyme-linked 
immunosorbent assay (ELISA) reader 
spectrophotometer. Bacterial growths and 
suspensions were prepared for all tested 
bacterial isolates, 96 micro-well plate was 
filled with the prepared bacterial 
suspensions and the prepared extracted 
pigments in tenth dilutions to get 
concentrations of 10, 20, 30, 40 and 50% 
and incubated for 18-24 hours. Later on, 
values of the optical density (OD) from 
the ELISA reader were taken in a mode of 
absorption which covered the growth of 
bacteria in each sample. Three values of 
OD for each sample were recorded and 
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their means were calculated with 
obtaining the standard deviation. 
 
Human Cell lines: 

The Vero cell is a model for kidney 
epithelial cell. The cell line was kindly 
obtained and cultured at cancer research 
lab/college of medicine, University of 
Babylon, Iraq. 

The viable cells number was 
determined by using crystal violet assay 
before and after using the pigments. The 
pyocyanin and fluoresceins pigments were 
cultured on 96 well plate with Vero cell 
line separately with different volume of 
pigments. Then the 96 well plate was 
incubated at 37Cº for 24 hours. The plated 
cells were divided into five groups: group 
1 as a control (not treated); group 2 (add 
10 µl of pigment);group 3 (add 20 µl of 
pigment); group 4 (add 30 µl of pigment); 
group 5 (add 40µl of pigment). The final 
cells volume with toxin were 200µl. The 
plated cells were incubated at 37°C for 24 
hours before counting [9]. 
Crystal Violet Assay: 

 The cultured cells were washed with 
100µl of Phosphate buffer saline (PBS) 
and 200µL of the crystal violet staining 

solution was added to the cells in the 96 
well plate. These cells were fixed and 
stained for 20 minutes at room 
temperature. Next plate was generously 
rinsed and allowed to dry overnight. The 
next day the dried and stained cells were 
measured at an absorbance of 570nm by 
micro plate reader [10].  

 
Results 

In order to show the antibacterial 
effects of the extracted Pseudomonas 
extracellular pigments (Pyocynine and 
Fluorescin) against different Gram 
positive and negative bacterial isolates; 
the results at figures1 and 2 showed the 
inhibitory effects of these two pigments. 
The two pigments showed bactericidal 
effects, as the bacterial counts were 
reduced significantly, as it measured by 
optical density.  
    Additionally, this activity was 
heightened by nearly increase the 
concentrations to 40-50% for all tested 
isolates, so the activity of pyocyanin as 
antibiotic is dependent on the 
concentration, where the bacterial 
viability was decreases by increasing the 
pigments concentration. 

 
 

 
Figure 1:  Effect of Different concentration of Pyocyanin on the Bacterial Count of               

                               Different pathogenic Bacterial Isolates. 
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Figure 2: Effect of Different concentration of Fluorescin  on the Bacterial Count of Different 
pathogenic Bacterial Isolates. 

 
  Regarding the cytotoxic effect of 
pyocyanin and fluorescin exopigments on 
vero cell line, results revealed that the 
pyocyanin pigment has growth 
stimulatory effect on vero-cell line, 
causing an increase in the cell line growth, 
especially at a concentration 30-40%, 

while fluorescin has a cytotoxic inhibitory 
effect on the vero cell line, that causes 
inhibition and decrement in growth of the 
cell line, as the inhibition rate varying 
from 55-75%, especially at a 
concentration 30-40% (Figures 3 and 4). 
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Figure 3: Cytotoxic Effect of Different Concentration of Fluorescin on the Vero-Cell line. 
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Figure 4: Cytotoxic Effect of Different Concentration of Pyocyanin on the Vero-Cell line. 
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Discussion 
     The high antimicrobial activity of 
pyocyanin in this study against all 
microbial pathogens under the test, acting 
as a wide spectrum antibiotic, was 
confirmed by several authors [11, 12].  
     In the same trend, El-Shouny et al. [12] 
revealed that growth of G+ ve bacteria 
were entirely inhibited by the pyocyanin; 
Gram-negative bacteria, involving 
Salmonella typhi and Proteus mirabilis, 
were intermediately affected, while K. 
pneumoniae was completely resistant to 
pyocyanin. Approximate results done by 
several authors, also confirmed result of 
this study [4,13]. 
    These pigments are important virulence 
factors in pseudomonas, they function as 
cell-to-cell signaling molecules and have 
an inhibitory activity against other 
bacteria. Pyocyanin which produced by P. 
aeruginosa, is considered as antibiotic that 
can act as competitive agents in microbial 
societies [14]. 
     The repressing activity of pyocyanin 
was due to its unique redox potential. It 
was also proposed that, during respiration, 
pyocyanin becomes diminished and 
univalent diminish oxygen to the toxic 
superoxide radical. The resistance of 
various bacteria to pyocyanin would 
therefore be depending on availability of 
oxygen, catalase possessed by the 
organism and levels of superoxide 
dismutase [12]. 
      Antibiotics produced by other bacteria 
in microbial collections could function as 
an indicator to alarm P. aeruginosa to the 
aggregation or survival of other bacteria 
and the successive elevate pigment 
production could help P. aeruginosa 
competition with other bacteria [15]. 
      Pyocyanin causes a broad range of 
cellular damage like the suppression of 
epidermal cell growth, ciliary function, 
cellular respiration and might be attributed 
to the persistence of P. aeruginosa, with 
disturbance of calcium homeostasis [16]. 
It shows high cytotoxicity in higher 
concentrations, while this toxicity 
decreases in lower concentrations; 
pyocyanin is considered zwitter ions 

especially in hydrophobic regions, that 
allow to it move freely throw the 
cytoplasmic membrane and enter the cell 
easily [17]. Pyocyanin increase intra-
cellular reactive oxygen species, the 
pigment is changed to the reduced form in 
the cell by NADPH and NADH, and this 
reduced form of pyocyanin then get ability 
to transfer electrons to oxygen, with 
generation of superoxide (O2

−) and 
hydrogen peroxide (H2O2) which are ROS 
(Reactive oxygen species), This is 
identified as intracellular redox cycling of 
the pyocyanin.  
   ROS development appears to occur 
within and around the mitochondria. 
Pyocyanin also been revealed to inhibit 
the activity of catalase directly, and even 
to diminish the expression of the gene 
encoding catalase, preventing the 
breakdown of hydrogen peroxide and thus 
increase the level of ROS indirectly [18]. 
The dead cell release their internal 
enzymes with result increase the toxicity 
of the media and destroy the adjacent cells 
[19]. 

Mohammed et al [20] showed that both 
pigments have inhibitory cytotoxic effects 
on HepG2cell line, as they showed that 
pigments had cytotoxic inhibitory activity 
on HepG2 cell line causing suppression in 
growth of the cell line, as the inhibition 
rate ranged from 7%-84%, according to 
the concentrations. 

Opposite to all these facts, other studies 
[21,22] showed that pyocyanin has a 
stimulatory effect on human cells. As 
Ulmer revealed that Pseudomonas 
pigments have dual dose-dependent 
increment as well as decrement effects on 
immune responses in vitro, as it is 
measured by DNA synthesis of human T 
and B lymphocytes, interleukin-2 
production. Where Pseudomonas 
pyocyanin stimulated DNA synthesis, as 
its stimulatory increment effect was found 
at lower concentrations of pyocyanine, 
while higher concentrations of the 
pigment causes a suppression of the 
responses [21,23]. 
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Conclusion 
Pseudomonas exopigments are effectual 
antigrowth agents against different 
bacterial isolates, as well as human cells 
lines. 
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