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Comparison  of  neutrophil  apoptosis  by  the  pseudomonas aeruginosa  exotoxins  between  

healthy adults,  immunocompromised children and neonate 
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Abtract:
Background: Pseudomonas aeruginosa (P.A) is the 

leading agent in nosocomial infections. Multidrug 

resitance is the main problem of P.A infections 
especially in cytic ibrosis, chronic bronchitis, skin 
infection and burned patients infection. Thus, paying 
more attention to the pathogenetic mechanisms of 
Pseudomona is crucial for its prevention and control.
Method & Material: In this survey, 81 blood samples 
of healthy adults, neonates, ill children and premature 
babies were withdrawn. After the isolation of 
neutrophils with tandard methods and culturing with 
pseudomonas in culture media with 1,2,3,4 McFarland 
tube concentrations, we interacted neutrophils and 
exotoxins for 15, 30, 45, and 60 minutes. Then 
we performed NBT tet and evaluated the range 
of Pseudomonas exotoxins action on neutrophil 
apoptosis. 
Result: Apoptosis was 100% in healthy adults, 
81.8% in ill children, 90.8% in neonate, and 51.9% 
in premature group. We observed no apoptosis 
in 1 and 2 McFarland. The 3 McFarland revealed 
12.5% growth in healthy cases, 4.7% in ill children 
and 1% in neonate and premature. The mean 
apoptosis was time dependent among cases with 
the 68.5% apoptosis in healthy cases, 92.5% in 
immunocompromised, 94.7% in neonate and 98.6% 
in premature all at the end of irt 15 minute. Analysis 
of apoptosis after 30 minute reveals signiicant 
diferences in  premature and other groups (0% Vs 
6% of healthy, 5.2% of immunocompromised and 
7.2% of neonate) (P<0.04).
Discussion: Current tudy discloses the role of 
Pseudomonas exotoxins on acceleration of neutrophil 
apoptosis in a time dependent manner. This efect is 
more signiicant in ill children and neonate cases. 
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individuals have been assessed and invetigated 
before. The exotoxins especially pyocyanin of P.A 
can promote apoptosis in neutrophils. Fas ligand 
has been described as the mechanism of induction 
of apoptosis by P.A.  Evaluation of apoptosis related 
to P.A exotoxins in various immune sytem of cases 
has never been considered before. 

Materials and Methods :

We tudied 81 samples of whole blood from 
20 healthy adults, 21 immunocompromised 
children, 20 term neonates in Moid hospital and 
21 preterm neonates from Mahdieh hospital. 
Inclusion criteria for healthy adults were devoid of 
any hitory of disease or taking medication. The 
immunocompromised cases were those admitted 
to the ward with deinite diagnosis in Moid hospital. 
Sampling was simple random. Ethical issues of 
asking consent for participation of adults, neonates 
and ill children have been practiced meticulously and 
with care. 50 µlit of neutrophils isolated specimen 
in a terile tube interacted with 50 µlit of bacterial 
culture of 1,2,3,4 McFarland tube, the aliquot set 
in Ben Mary. Apoptosis deined as inability of NBT 
reduction in the production of Formozan crytals. 
These assessments done in 15, 30, 45, 60 minutes 
with diferent concentrations of bacteria (Macfarland 
1,2,3,4).The analysis of tatitical data done by 
Kruskal Wallis non-parametric analysis by SPSS  
version 11.5.

Results: 
The sex ditribution of samples in healthy, ill 
children, term and preterm neonates groups were 
(M: F) 11:9, 12: 9, 12: 8 and 9:11 respectively. The 
mean age in healthy group was 34.2±8.9 years 
(Range being 24 -48 years) and in ill children 
group was 6.5 ± 4.5 years (Range being 1 month 
- 18yrears). There weren’t signiicant correlation 
between gender and neutrophil reduction of NBT 
in healthy adults. There were only signiicant 
diference in gender and neutrophils reduction of 
NBT (p<0/034) in male samples of ill children group 
being more that of Female sex (zero minute). Table 
1 demontrates the percentages of NBT reduction 
in zero, 30, 60 minutes in diferent groups. Through 
the assessment of bacterial growth in McFarland 
media with various concentrations, we encountered 
that in McFarland 1, 2 numbers of bacteria for toxin 
production insuicient. These results speciically 
in preterm neonates and ill children cases are 
more susceptible to P.A than healthy adults.  The 
invetigation of NBT reduction at 30 and 60 minutes 
after toxin interaction with neutrophils revealed a 
time dependent manner. As 

Introduction: Nosocomial infections as the leading 

cause of mortality in the hospitals are mainly due to 
internal and external factors like immune sytem and 
hospital tay respectively (1). Neutrophils contitute 
the maintay of inlammatory response; they live up 
to 24 hours in peripheral circulation and apoptosis 
regulate their death (2). Apoptosis of neutrophils 
are regulated by multiple mechanisms and products 
including cytokines.
Pseudomona aeruginosa is an important germ of 
nosocomial infections in immunocompromised and 
immunocompetent patients, entails various exotoxins 
capable of provoking apoptosis (1,3,4,5,6,7). The 
efects of P.A exotoxins on neutrophil apoptosis of 
healthy 
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shown in igure 2 as times pass the NBT reduction 
decreases.

Table 2 demontrates the results of the 
apoptosis percentage in diferent groups. The 
diference between preterm neonates and other 
groups were signiicant.
Groups

Healthy
Ill children 

Term neonates

Pre-term 

McFarland 
tube (3)
12.5
4.76
1
0

McFarland tube 
100
100

Figure 2. NBT reduction with neutrophils at 30 
and 60 minutes after interaction (Time dependent 
efect)

At 0 minutes NBT reduction in preterm neonates was 
the lowet among all other groups. Although at 30 
minutes, all cases showed a remarkable decrease 
in the NBT reduction, preterm neonates’ neutrophils 
NBT reduction decrease was more conspicuous and 
at 60 minutes all groups leveled at zero. Kruskal 
Wallis tet revealed a signiicant diference between 
zero and 30 minutes p<0.000 and p<0.002). Mean 
apoptosis in 15 minutes among diferent groups 
varies and Kruskal Wallis analysis tet result was 
signiicant (p<0.002).  At 30 minutes the preterm 
showed a signiicant diference (p<0.002) among 
groups (94% healthy, 94% ill children, 92 term and 
100 preterm neonates). Nonetheless the mean 
apoptosis in 45 and 60 minutes were not signiicant 
(p<0.596 and p<0.314 respectively).
Considering percent of NBT reduction with 
neutrophils by Pot Hoc tatitical method, we 
observed a signiicant diference in control group 
(zero minute) between healthy and ill children cases 
(p<0.022) and between healthy versus preterm 
neonates (p<0.000). Moreover, the diference 
between ill children cases and preterm neonates 
(p<0.000) and preterm versus term neonates were 
signiicant (p<0.000). Apoptosis and Percentage 
of NBT reduction with neutrophils at 30 minute 
between term versus preterm were signiicant 
(P<0.000 and p<0.056 respectively). Apoptosis 
diference in 15 minutes between ill children, term, 
preterm neonates and healthy adults was signiicant 
(p<0.000). Moreover there is a signiicant diference 
in apoptosis between term and preterm neonates 
at 30 minutes. But there weren’t any signiicant 
diference at any time between other groups.

Discussion

The crucial role of neutrophilic apoptosis in the 
resolution of inlammation process has already 
been acclaimed (8); however the implementation of 
apoptosis can be replaced by a sooner apoptosis 
caused by some pathogens which enable them to 
lee form hot defense mechanisms.  
In our tudies we evaluated 81 cases on the efect 
of P.A exotoxins in the early apoptosis with potential 
immunodeiciency. Although previous tudies has 
proved the presence of such mechanisms, but all 
of them failed to consider the immune level of the 
patients and they only contributed to the evaluation 
of  various trains and their toxins.
Neonates (term & preterm) in control group of 
our tudy showed neutrophilic function defect 
through NBT reduction analysis. However , Nazeeh 
Hanna  et al tudy has already demontrated 
apoptosis delay in neonates in comparison to 
adults; this apoptosis delay implicated by decreased  
neutrophils membranous phosphatidyl serine, 
caspase 3 and Bax,Bad,Bak apoptotic proteins(9). In 
addition to term neonates, we have also 

Healthy Adult 

Ill children 

Term neonates

Preterm Neonate

Zero 
Minute(Control 
)(Min-Max)
100(100-100)
93(0-97)

29(10-96)
95(60-98)

30 
minutes(Min-
Max)

0(0-70)
0(0-30)

0(0-0)
2.5(0-50)

0(0-0)
0(0-10)
0(0-10)

60 minutes(Min-
Max)

0(0-0)

Table 1.Median percentage of NBT reduction with 
neutrophils in diferent categories at 0, 30and 60 
minutes 

Figure 1. Comparision of NBT reduction of 
Neutrophils.
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included preterm neonates. Another tudy by Molly 
et al demontrated a remarkable delay in apoptosis 
in term normal neonates in comparison to adults. 
The depressed level of caspase 3 in cord blood 
neutrophils probably resulted in a delayed apoptosis. 
Cortisol can prolong apoptosis, while increment 
of IL-6 & Cortisol after normal vaginal delivery 
accounted for the delay in neonates in comparison 
to cesarean sectioned delivered neonates 
(10,11,12). Another important point is the type of 
neutrophils, as shown before immature neutrophils 
are increased in preterm neonates (12, 13). In 
keeping with our results of Formol Mer Acetate   in 
specimens of term and preterm neonates, the 
immature neutrophils demontrated delayed 
apoptosis in HL-60 cells assessment (14).
   In a couple of tudies the preterm neonates 
neutrophils apoptosis procratinated due to low 
IL-10 level and they are predisposed to chronic 
pulmonary disease and defective pulmonary 
rehabilitation (15,16). Although omparison of 
neutrophils apoptosis by P.A exotoxins in terms 
of gender considerations illutrated diferences 
among cases but it was only signiicant in ill 
children cases( p<0/034). However, if we have had 
a greater number of cases and a narrower range 
of ages in our tudy we would have had a better 
insight to gender diferences. Nonetheless, Molly 
et al described gender as an efective factor in 
apoptosis. They demontrated that etradiol and 
progeterone in females slowed down the apoptosis 
of neutrophils (18).   Neutrophils killing of bacteria 
concept originated from the observation that not 
only bacterial secretions along with cytokines delay 
the apoptosis of neutrophils but also prolong their 
exitence in tissues and increase detruction (3). 
The immunocompromised cases are susceptible to 
P.A severe unrelenting infections. Ojielo et al tudy 
revealed that BMT cases even after neutropenic 
period when interacted with P.A their alveolar 
macrophages phagocytic ability decreased which 
left mices prone to infections(19) . This tudy did not 
consider the time of interaction between bacteria 
and neutrophils while we have shown that the time 
is an important factor in the exotoxins efect on 
neutrophils of immunocompromised cases.
   Pseudomona as an opportunitic infection 
exacts multiple trategies to evade hot immune 
sytem (4,5). Secretions that afect phagocytosis 
and neutrophilic activations, cytotoxicity related to 
mitochondria (Secretary Sytem III) and highly toxic 
pigments like pyocyanin are these mechanisms 
(5). The induction of apoptosis by pyocyanin ( the 
prevalent phenazin generated by P.A) ,even in very 
minute amount in sputum of cytic ibrosis cases  is 
remarkable as shown earlier in Wilson et al tudy. 
In our tudy we have considered exotoxins of P.A 
including pyocyanin

but in more insightful categories of diferent immune 
sytems ranging from healthy adults, term, preterm 
neonates and to ill children children. The molecular 

basis of pyocyanin related induction of apoptosis 
been tudied in depth by Allen et al. The importance 
of pyocyanin in apoptosis of neutrophils and the 
lower level of IL-1 and IL-6 in wild type trains of P.A 
in comparison to pyocyanin-deicient train of P.A.
    In a tudy of Liu et al on neoplatic cells of 
squamous cell carcinoma, a delay in apoptosis of 
cells demontrated that adenovirus could promote 
apoptosis and death of neoplatic ells through 
acetyl transferase receptor activation (20).  As with 
other tudies, Liu tudy  focused on the apoptosis 
of neoplatic cells, while in our tudy we considered 
induced apoptosis of neutrophils in circulation . 
Moreover, the comparison of ill children, healthy and 
term, preterm neonates in apoptosis of neutrophils is 
being tudied for the irt time in our tudy.
   Other microorganisms like leishmania major, 
mycobacterium, Chlamydia showed to inhibit the 
apoptosis while E.coli and C.albicans timulate this 
process (21,22),. This information can be helpful to 
develop novel treatment methods like vaccination.  
Apart from these, Patricu et al and Kobota et al 
tudy provided invaluable insight to the fact that 
implementation of certain factors like G-CSF ,being 
used for supporting immune sytem in responding 
antimicrobial assault to immunocompromised 
cases, can  decelerate the apoptosis mechanism. 
Furthermore in Squire et al tudy  the inhibitory 
efect of some cytokines (IL-1, TNFß, IL-6, INFγ, 
GM-CSF and LPS were demontrated (23). 
   In conclusion, we demontrated that the efect 
of P.A on neutrophil was time dependent and 
apoptosis evolved earlier in ill children, term and 
preterm neonates’ orderly. The mot unique aspect 
of this tudy was the evaluation of apoptosis in 
immunocompromised hot. The greater susceptibility 
and apoptosis of neutrophils in immunocompromised 
cases to exotoxins of P.A can be a signiicant guide 
toward devising new methods of approaching 
management and treatment of ever-increasing and 
lethal infection of pseudomonas. The more detailed 
biochemical tudies in diferences in apoptosis 
between healthy and immunocompromised cases 
could open new promising horizons to this problem.
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