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Introduction

Background: Pseudomonas aeruginosa may be colonized in different human tissues and
result in some infections potentially. Thus, considering that these bacteria are resistance to
most of the current antibiotics, an examination on pathogenesis mechanisms of such
bacteria can be effective in controlling the infections developed by it.

Materials and Methods: In this project, among 40 blood samples (20 healthy persons, 20
infants), an amount of 5 ml (2 ml in the infants) heparinized blood was collected form
each and then neutrophils were isolated by a standard method and were counted by
neubauer lam. After culturing Pseudomonas bacteria in broth medium, some tubes with
densities of 1, 2, 3 and 4 McFarland were prepared and the bacteria were isolated by
centrifuge method with 3000rpm for 10 minutes and then its exotoxin were exposed to
neutrophils of the groups under study. The effect of time and the bacteria count on the
amount of the secreted toxin and in adjacency to neutrophils was measured.

Results: There were 11 men and 9 women in the health group and the infants group
consisted of 12 boys and 8 girls. Death cell percentage of neutrophils was 100% in the
health group and 8.90% in the infants group. Percentage of bacterial growth in the medium
1 and 2 McFarland was zero; in the medium 3 McFarland, it was 12.5% in the healthy
group and 1% in the infants group (p<0.10). The average rate of cell death in the minute
15th was different in two groups (68.5% in health group vs. 92.5% in the infants)
(p<0.0005).

Conclusion: This study showed the effect of Pseudomonas bacteria on the development of
early cell death in the infants very well. As it was shown, this effect is time-dependent and
this cell death (apoptosis) is occurred in the infants earlier than health people.

Copyright © 2013 Zahedan University of Medical Sciences. All rights reserved.

he neutrophil cells as a main component of acute

inflammatory response, after the infection

overcomes the defensive mechanisms are evoked
from peripheral blood [1]. The neutrophils’ longevity in
peripheral blood is 24 hours and their death is regulated
through cell death. Cytokines of the body control the cell
death process; though such control will lose its balance in
some cases of infection and will not have their
physiological system. Body cells movement process is not
only controlled by meiosis speed control, but the
programmed cell death or apoptosis is also a component
of this process. The recent process is called programmed
cell death or apoptosis derived from its Greek word
(which means as leaves falling from trees).

Body cells will be destroyed of necrosis type in response
to any type of damage. Necrosis may cause to stimulate
inflammatory process, while the cell death is contrary and
does not cause to activate inflammatory process. In fact,
this process does not only cause immune stimulation, but
activation process of proteolytic cascades in the cell death

will cause to prepare intracellular components for the
construction and subdivision of other cells. In this process
before the cell components are released, macrophage cells
swallow the cells with programmed death and cause
preventing to release intracellular components [4].

Some bacteria such as pseudomonas may cause early
cell death through reducing the number and the function
of neutrophils. Pseudomonas bacteria secrete toxins
which may affect the cell death. A question which is
addressed in the present study is: “Is there any difference
between the pseudomonas exotoxins on the development
of cell death in healthy people and in term infants”. It is
essential to provide appropriate therapeutic strategies
considering the time necessary for the interaction between
pseudomonas aeruginosa and neutrophils (treatment
before suffering) before these special bacteria is colonized
in high-risk individuals. Finding some drugs with adverse
effect, i.e. preventing early cell death in neutrophils being
exposed to pseudomonas, may be one of those effective
therapeutic strategies.
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In this investigation, cellular relationship between
neutrophil, bacteria and cell death has been examined. To
do this, blood samples were collected from healthy people
and the infants (40 samples: 20 healthy individual. 20
term infants). Considering the results of this study, new
medical solutions may be designed and suggested for
high-risk people.

Materials and Methods

The present investigation is an observational and applied
study in which 40 blood samples from 20 healthy person
and 20 infants admitted to Mofid Children Hospital were
examined and evaluated; the results achieved were
compared. Sampling was carried out by simple random
approach. In this work, a comparison between the effect
of pseudomonas aeruginosa exotoxin on the cell death of
neutrophils in healthy people and term infants was
studied.

How to isolate neutrophils from peripheral blood: Firstly
5 ml blood was drawn from the person under study (2 mi
from the infants) by anticoagulant heparin coated syringes
and then we added 3 ml of dextran 3% solution with
molecular weight of 500,000 dalton to it. The blood
sample in syringe or plastic tubes were placed inside
incubator for 30-45 minutes at room temperature or 37°C;
after incubation period is finished, red and other blood
cells are deposited at the bottom of syringe or tube, but
the neutrophils were collected in the supernatants. The
supernatant was transferred into a plastic tube such as a
falcon tube and is centrifuged by 1500 rpm for 10-15
minutes; the neutrophils were deposited at the bottom of
the tube and the supernatant will be cell-free. The
supernatant was taken away and 1 ml of distilled water
was added to the deposit at the bottom of the tube in order
to collapse remaining red blood cells, it was shaken for 30
minutes and then adding 5ml of BPS buffer, it was
centrifuged for 10-15 minutes by 1500 rpm. The
supernatant was discarded and then BPS was added to the
deposit increasing its volume to 1 ml. Afterwards, we
took some cells and counted it by neubauer lam.

How to prepare counted microbial strains: we cultured
in broth medium the pseudomonas aeruginosa bacteria
prepared by department of microbiology; after 24 hours,
we prepared tubes with densities of 1, 2, 3 and 4
McFarland by comparing McFarland tube unit. After
calculation of bacteria count, pseudomonas microbe was
isolated from the medium by centrifuge method with
3000 rpm for 10 minutes and just a fluid containing
secreted exotoxins will remain in the medium.

Placing neutrophils exposed to microbial exotoxins: for
this purpose, 50 ul of ready-made neutrophils were
poured into a sterile test tube and added to it 50 ul of the
above bacteria medium separately from 1, 2, 3 and 4
McFarland densities (PRMT1640) and put the tube during
a certain period into the water bath.

NBT test conduction: We added an amount of 50 pl of
NBT ready-made solution and then put the tube for 30
minutes inside the water bath at 37°C temperature. Then,

we brought it out and centrifuged for 3 minutes y 1500
rpm. From the deposit at the bottom of tube, we prepared
a blood smear on the lam and fixed it by methanol and
then staining with Gimsa, the lam was washed for 15
minutes and the neutrophils were counted by lens 100X
light microscopy. Reduction rate of NBT material was
stated as 100 percent. We determined the death cell in
neutrophils based on their capability to revive the NBT
material so that cell-deceased neutrophils will be unable
to revive NBT and consequently to be converted to
formazan crystals. In this stage, the rates of neutrophils’
programmed cell death were determined separately based
on NBT at different times including 15, 30, 45 and 60
minutes and with different microbial densities.

The collected data were analyzed and evaluated using
SPSS-15 software as well as Kruskal Wallis test, non-
parametric tests, post-hoc test and a confidence level of
95%.

Internal and external research obligations: Healthy
people under the test should have no disease for at least
one recent month and receive no medicine.

All tests were conducted in pediatric infections research
center under the supervision of a senior microbiology and
immunology expert. Ethical and humanitarian issues of
the project were observed and a testimonial was taken
from the infants’ parents and the health individuals after a
full justification.

Results

There were 11 men (55%) and 9 women (45%) in the
health group. The infants group consisted of 12 boys
(60%) and 8 girls (40%). Due to the lack of variance
analysis prerequisites, non-parametric test Kraskal-Wallis
test was used that showed significant difference between
two groups at zero time and 30" minute (p was
respectively less than 0.01 and 0.002).

Reduction percentage on 30th and 60th minutes as well
as at zero time is shown in table 2 and its analysis is seen
in Fig. 1. There is significant difference on 30th minute in
the infants group (zero vs. 5.2 respectively in healthy and
infants groups, p<0.04).

As it was argued, neutrophils with programmed cell
death have no power for NBT reduction. According to the
examinations, cell death has been occurred more in the
infants. In table 2, NBT reduction rate has been expressed
by percentage at the times zero, 30 and 60 for different
groups under study with confidence level of 95%.

Taking the above diagram into consideration, NBT
reduction rate in primary control sample in the infants
were less than that in the healthy group. In 30th minute,
NBT reduction has been decreased at a considerable rate
in both groups. In 60 minute, NBT reduction rate was
nearly zero. As it was already said, rate of cell death in
neutrophils has an inverse relationship with NBT
reduction rate. In the groups under study, this percentage
had been 12.5 for healthy people and 1.00 in the infants;
such difference is significant. About the bacterial growth
rate in McFarland media with different densities, this
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study showed that the bacteria count in media 1 and 2
McFarland has been insufficient for production of
necessary level of toxin. The percentage of neutrophil
reduction in medium McFarland 3 has been stated in the
following table. In medium 4 McFarland in both groups,
cell death rate was 100%; toxin rate was in an amount that
caused all the neutrophils be destroyed. These results
indicate that the infants are more susceptible to
pseudomonas toxin than healthy people. Furthermore,
studies showed that NBT reduction percentage at 30th and
60th min after combination of toxin with neutrophil is
dependent on the time as obviously apparent in figure 1;
as the time is increased, reduction rate is decreased.

NBT reduction rate in term infants is less than healthy
people. It was decreased rather in the infants in 30th min.
In 60th min, neutrophil reduction has been close to zero.
Using Kruskal Wallis test, the difference at zero and 30"
min was significant (p=0.0001 & p=0.002).

Table 1. Percentage of neutrophils reduction in the groups under study

Table 4. Comparison of cell death percentage in Mcfarland 3 & 4

MacFarland 3 McFarland 4
Mean Mean
Group Healthy 12.50 100.00
Neonate 1.00 100.00

Table 5. The amount of cell death between the groups at different times

APPO-Time  Group Mean+SD N
Healthy 68.5+27.19 20
15.00 Neonate 92.5+12.72 20
Total 88.7+19.43 81
Healthy 94.0+18.75 20
30.00 Neonate 92.5+12.72 20
Total 95.3+12.30 81
Healthy 97.5+11.18 20
45.00 Neonate 99.5+2.23 20
Total 99.1+5.76 81
Healthy 100.0£0.00 20
60.00 Neonate 99.5+2.23 20
Total 99.7+1.64 81
Healthy 90.0+21.28 80
Total Neonate 96.0+9.62 80
Total 95.7+12.62 324

Neut%
0,
Grou Neut % could ",:Zlitcf d NBT reduced
P reduce NBT after 30 min NBT after
60 min
Median 100,0000 0.0000 0.0000
Healthy Minimum 100,00 0.00 0.00
Maximum 100,00 70.00 0.00
Median 95.0000 2.5000 0.0000
Neonate Minimum  60.00 0.00 0.00
Maximum  98.00 50.00 10.00

Table 2. NBT reduction percentage and standard deviation at the times
zero, 30 & 60 min in the groups under study

NBT Time Group Mean(%) SD
Healthy 100.0000 0.00000
Neonate 90.8000 10.07655
Total 81.1481 30.37808

0.001 Healthy 6.0000 18.75044
Neonate 7.5000 12.72172
Total 4.6914 12.30715
Healthy 0.0000 0.00000
Neonate 0.5000 2.23607
Total 0.3086 1.64804

60.00 Healthy 35.3333 47.38829
Neonate 32.9333 42.39558
Total 28.7160 41.70723

Table 3. Percentage of pseudomonas growth in medium Mcfarland 3 in
different groups under study

Group McFarland 3
Number 20
Mean 12.50%
Median 0.00

Healthy sD 2991
Minimum 0.00%
Maximum 50.00%

Neonate Number 20.00
Mean 1.00%
Median 0.00
SD 4.47
Minimum 0.00%
Maximum 20.00%

As it is seen in Fig. 5, average cell death rate in 15th min
is different between groups (68.5% in healthy group vs.
94.7% in the infants group). Statistical analysis of Kruskal
Wallis test results is indicative of statistically significant
difference between the numbers listed in 15th min
(p<0.002). In all other times, there have been some
differences which were little with no statistical value
(respectively p<0.596 and p<0.314) (Table 5).
Considering the difference between cell death rate in two
groups under our study including infants and control
samples in this investigation, it was concluded that the
effect of pseudomonas bacteria on the programmed cell
death (apoptosis) is time-dependent and it is occurred in
the infants earlier than the healthy people, before and after
being exposed to pseudomonas toxin. Inhibition of early
cell death and later examinations on the causes of early
cell death in the infants as well as inhibitory factors of
cell death will help considerably to treat such patients.

Discussion

The key role of neutrophils” cell death in the
improvement of inflammation is accepted by all.
Neutrophils cell death prevents the loss of bacteria and
causes the infection development [5, 6]. This procedure
may be inhibited by some pathogens through developing
early cell death and the organism may escape from the
host immune and defense [7]. In our study, 40 patients
including 20 healthy persons and 20 term infants were
examined. This investigation showed very well the impact
of pseudomonas bacteria toxins on the development of
early cell death in the infants. As already mentioned, this
effect is time-dependent and the cell death is occurred in
the infants earlier than the healthy people.
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Figure 1. Comparison of neutrophil reduction rate at different times in two groups under study

All previous studies conducted by other researchers
suggested merely to an investigation on the difference
between various strains of bacteria with or without special
exotoxins including pyocyanin which differentiate our
study from other ones.

In an investigation carried out by Hanna et al, the
difference of cell death in the infants and adults were
evaluated. The results suggested that phosphatidyl
serine of neutrophils” cell membrane and caspase 3 as
well as the occurrence of apoptotic proteins including
Bak, Bad and Bax has been decreased in the infants more
than adults and there is a delayed cell death in the infants
compared to that in the adults [8]. Our study indicated an
accelerated cell death in term infants compared to those
adults that is contrary to the above results.

Molly et al examined neutrophils’ cell death in 30 adult
persons and 30 infants and indicated that there has been a
serious delayed cell death of neutrophils in the normal
term infants as compared to the adults. Such delay in the
infants born by natural childbirth has been more than
those born by cesarean delivery [9 10]. In this study, a
reduced caspase3 was found in funiculus neutrophils as a
possible cause for delayed cell death [11, 12]; Cortisol
causes delayed cell death. And increased serum cortisol
and IL-6 after natural childbirth may cause such delay.
There was a considerable delayed cell death in the infants
compared to that in the adults. According the
investigation carried out by Mozinbo (1994) and Peng
(1999), immature neutrophils are increased in preterm
infants [13, 14]. And in the studies on HL-60 cells,
neutrophils have shown a delayed cell death [15]; this is
contrary to the results of our study. Preterm infants have
not been examined in this study and pseudomonas toxin
has not been used to induce cell death.

In an investigation conducted by Joei et al in NICU
ward of Royal Hospital as a prospective study on 100 on-
chip sample of ventilated infants, it was concluded that in

the preterm infants with low level of IL-10 in on-chip
fluid, there is a reduced neutrophil cell death and such
infants are disposed to impairment of lung repair and
chronic pulmonary disease [16]. In this investigation
unlike our study, neutrophils of peripheral blood have not
been evaluated. In addition to pseudomonas, the impacts
of other organisms on the cell death have been also
investigated.

Van Zandbergen et al showed in their study that
Chlamydia infection decreases neutrophils’ cell death.
This study was conducted outside the body. As per this
investigation, procaspase3, Lipopolysaccharide 1 and IL-
8 has caused to inhibit the cell death [17]. It was also
shown that Leishmania major and mycobacteria has had
such inhibitatory effect too [18, 19].

Some organisms including E. coli [20, 21] and candida
albicans [22, 23] induce neutrophils’ cell death. Knowing
how these organisms affect will help us to develop new
methods of treatment including vaccines for the treatment
of the patients with some immune deficiencies [24-26].

Patricu et al. exanimated the effects of granulocyte-
colony stimulating factor (G-CFS) on the neutrophils of
healthy people. This investigation was carried out on
volunteer individuals and cyclohexamide was used to
induce the cell death. According to this study, G-CFS has
affected the cell death considerably [27]. The study
conducted by Kobota in 1994 has verified this effect too
[28]. Squier concluded in his study in 2002 that outside
the body, cytokines including IL-6, TNF, IL-1B, LPS,
GM-CFS and INF Gama cause to decrease neutrophils’
cell death [29-31]. These studies argued on of the
approached to reduce cell death that may be used like
pseudomonas for the treatment of the infections [32]. In
our investigation, we have not examined the factors
effective on the cell death.

In this study, considering the difference of cell death
rate in two groups under study including infants and
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control samples, it was determined that the effect of
pseudomonas bacteria is time-dependent and this cell
death is occurred in the infants earlier than the healthy
people. Inhibition of early cell death and later
examinations on the causes of early cell death in the
infants as well as inhibitory factors of cell death will help
considerably to treat such patients [32, 33]. Furthermore,
in the patients with chronic diseases such as chronic
granulomatous, it might be possible to change the disease
process by making use of the delayed cell death [34]. It is
hopefully to provide a new treatment for such patients in
the near future by conducting more comprehensive
studies on the biochemical differences of cell death
between the healthy and immunodeficiency people.
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