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ABSTRACT

Background: The effect of pyocyanine pigment, which was isolated and purified from Pseudomonas aeruginosa, on
specific lymphocytes viability inside the body of white male Balb/c mice against the experimental secondary hydatidosis
and the infectivity of protoscolices was studied in comparison with negative control mice groups, phosphate buffered
saline (PBS) and positive control group (immunoferon).

Materials and methods: Four groups of male Balb/c mice were intraperitoneally (IP) inoculated with four purified
concentrations of pyocyanine (25, 50, 75, 100um/ml). Seven days later, they were given the same concentrations as a
booster dose of the pigment, then 7 days |ater they were intraperitoneally infected with 2000 protoscoleces /mL (PBS) as
achallenge dose. The fifth group was intraperitoneally inoculated with 1ml of sterile PBS and used as a negative control
group, while the sixth group was intraperitoneally inoculated with 100umg/ml immunoferon and received the challenge
dose of 2000 protoscolecesyml PBS and served as the positive control group.

Results: The concentrations of 50, 75 and 100um/ml of this pigment had suppressive effect on these specific immune
response cells. This effect was statistically significant (p<0.01) after six weeks from the chalenge dose with
intraperitoneal protoscolicesinfection. This effect revealed that the protoscolices infectivity increased due to suppression
viability of T lymphocytes, while the immunoferon showed a significant stimulation of these specific cellular cells,
which decrease the protoscolices infectivity in comparison with higher pigment concentrations.

Conclusion: Pyocyanine is a toxic pigment causing suppression of T-cells activity, especialy at higher concentrations
which allow protoscolices devel opment and growth.
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INTRODUCTION

Cystic echinococoosis (CE) is a widespread infection with metacestodes (larval stage) of the
chronic endemic helminthic disease caused by tapeworm Echinococcus granulosus (1).
Ultimate growth of the cyst depends on its
location inside the body of the host, therefore, in
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even in death (2). Hydatid cyst secretes major
immunodominant antigens which are thought to be
responsible for immunomodulatory activities
promoting its survival within a mammalian host
(3). These activities have extraordinary abilities to
control host immune rejection mechanisms through
dteration or suppression of the functiona
lymphocytes by secreting substances from the cyst
wall which interfere locally with
immunocompetent cells which facilitate long term
survival of the parasite (4).

Pseudomonas aeruginosa is an opportunistic
pathogen in human, causing many adverse effects
like direct tissue damage with a greater cytotoxic
potential urinary tract infection (5) and pneumonia
(6). Many virulence factors, excreted by this
bacterium, affect the immune system during the
course of infection causing both acute and chronic
diseases. These factors are either toxins like
lipopolysaccharides (LPS) which suppresses host
immune response causing persistent infection (7),
or sometimes toxic pigment pyocyanine (8) and its
derivative, 1-hydroxyphenazine (9). The majority
of these factors have biological effects on host cells
which may contribute to some inflammatory states
like epithelial cell apoptosis (10), while other
products may affect some of the natura (innate)
immune response elements like macrophage (11)
and complement (12), or immunological effects on
some of the specific immune response cells like T
lymphocytes (13).

T lymphocytes are specific immune cells, which
are differentiated primarily in the thymus, and
considered as the central control and development
of the immune responses (14). They play very
important role against parasitic infections
especially with Echinococcus granulosus whether
this role is pathogenic or protective immune
response (15).

The aim of this study is to find out the effect of
phenazine pigment (pyocyanine) on both viability
of T lymphocytes and cyst protoscolices infectivity
invivo.

MATERIALS and METHODS

Six groups of white male Bab/c mice, each
containing 8-9 mice, aged 10-12 weeks and
weighted 21-22gm, were used for experimental
infection. They were housed in plastic cages under
convenient conditions room temperature 22-25°C
with food and water supply under our care and
expense.

All hydatid cysts were collected from resident
patients in some of Baghdad hospitals, Irag.
Protoscolices were isolated from cysts aseptically
(16). Their numbers were adjusted to 2000
protoscolices/ml of sterile phosphate buffer saline
(PBS, localy prepared) with pH 7.2. Their
viabilities (viability must be more than 98%) were
tested (17) using eosin stain (BDH, England).

The inbred male Balb/c mice groups were
prepared to be injected as follow:

® Four groups were intraperitoneally injected four
purified concentrations of Pyocyanine (25, 50, 75
and 100um/ml). Seven days later, they were given
the same concentrations as a booster dose of the
pigment, and after the same period, they were
intraperitoneally infected with 2000
protoscolicessml PBS as a challenge dose.

® The fifth group was intraperitoneally injected 1ml
of sterile PBS and used as the negative control
group.

® The sixth group was intraperitoneally injected
100pgm/ml immunoferon (Arabian company for
drugs, Jordan) and received challenge dose with the
same number of protoscolices and served as the
positive control group.

After 2, 4, and 6 weeks, T lymphocytes were
isolated and their viabilities were tested by dye
exclusion using 0.2% trypan blue stain (BDH,
England) (18). One hundred cells were counted and
percentage of lymphocytes viability was calculated
by haemocytometer (Neubaur, England) under a
compound microscope (Olympus, Japan).

Iranian Journal of Clinical Infectious Disease 2009;4(3):171-175



Finally, 25 weeks later, all mice were killed and
dissected under a dissecting microscope. The
infectivity of protoscolices was investigated by
recording cyst numbers and their diameters were
determined by vernier micrometer (Memmert,
Germany).

RESULTS

Two weeks following the exposure to
protoscolices as a chalenge dose, pyocyanine
caused highly significant decrease in lymphocyte
viability (p<0.01), especially among mice which
were exposed to concentrations of 50, 75 and
100pum/ml of pigment (60.25+2.52, 44.50+5.89,
and 31.50+4.34, respectively), while the least
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the challenge dose (21.00+1.56 and 15.50+1.34,
respectively) in comparison with the negative and
positive control  groups (88.25+1.44 and
89.50+3.16, respectively) (table 1). This decrease
in the lymphocyte viability causes statistically
significant (p<0.01) increment in protoscolices
infectivity (both cyst numbers and diameters) in
comparison with immunoferon as presented in
table 2. Therefore, higher concentrations of
pyocyanine had suppressive effects on the viability
of lymphocytes, while immunoferon was able to
stimulate and proliferate T cells.

Table 2. Effect of purified pyocyanine pigment on cysts
numbers and diameters 25 weeks following the
protoscolices infection

concentration (25um) showed no significant Number of Diameter of
difference (87.50+4.56) in comparison with the : cysts cysts (mm)
i 88,7512 86 q " ol Pigment concentrations (um/ml)
negative (88.75+2.86) and positive control group 25 2 2511 46 LA240.46
(90.25+2.33) (table 1).
50 8.35£3.69 1.33+0.58
Table 1. Effect of purified pyocyanine on lymphocyte 75 11.63+4.25 1.63+0.42
viability 2, 4 and 6 weeks following the infection with 100 17.13+4.50 3.11+1.63
2000 protoscolices/ml PBS as a challenge dose Negative control - -
Lymphocytes viability Immunoferon 2.50+1.71 0.65+0.26
2" week 4™ week 6" week -
- - Data are shown in mean xstandard deviation
Pigment concentrations(um/ml)
25 87.50+4.56  84.75£3.25 77.25t1.550
50 60.25+2.52 51.00+2.23 45.25+2.43 DIS'CUSSION o _ _
75 MB0:589  H25:431 2008186 ;‘ke ma?]}’ hel r;‘;”th'chpar_ as‘tf’ hyda_t;?' Cy“:s
100 31.50+4.34 2250+3.66 15.50+1.34 Eveiop sop Isticat mechanisms for avol Ing the
Negative cytotoxic effects of the immune response (19).
cor?trol 88.75+2.86  89.75+2.60 88.25+1.44 To our knowledge, no previous study has been
Immunoferon  90.25+2.33  90.75+2.22 89.50+3.16 conducted to investigate the effect of this pigment

" Data are shown in mean +standard deviation

This significant decrease was continued during
the 4™ week of exposure to challenge dose with
protoscolices which exposed to 75 and 100 pm/ml
in comparison with the negative (89.75+2.60) and
positive control group (90.75£2.22) (p<0.01,
p<0.05, respectively) (table 1). Similarly, pigment
concentrations of 75 and 100um/ml demonstrated
significant decrease (p<0.01) 6 weeks following

(Pyocyanine), which was isolated &nd purified
from Pseudomonas aeruginosa, on T lymphocytes
as immunomodulators against parasites and in
particular against experimental hydatidosis,
however, it is generally accepted that phenazine
pigment causes firstly local suppression of T
lymphocytes proliferation which may interfere with
cellular immune responses, secondly this pigment
inhibits the production of one of the essential
lymphokines, interleukin-2 (IL-2) and its receptor
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on T cell membranes (20). Nevertheless, it has
been indicated that P. aeruginosa phenazine
pigment causes inhibition of human lymphocytes
proliferation in vitro in the presence of killed P.
aeruginosa and purified pyocyanine is a strongly
inhibitor for lymphocyte proliferation more than
the crude pigment (21).

Some authors indicated that a number of
virulence toxic factors secreted by this pathogen,
especialy phenazine pigments and its derivatives,
have hiological effects on host cells or they have
pathophysiological effects on host tissue that
impact the host immune response (22,23).
Additionally, this pigment had a toxic effect on T
lymphocytes activity and functions.

This pigment like all phenazine pigments
generated by P. aeruginose, may affects on
interleukin-2 (IL-2) production from T helper cells
which are responsible for T lymphocytes activation
(24), while inoculation of mice with alive
protoscolices manifested high marker (IL-4, IL-5,
and IL-10) which are responsible for cyst
progression and establishment (19). In addition to
the toxicity of this pigment, the juvenile hydatid
cyst fluids are able to suppress or destroy
lymphocytes in direct contact with cyst (25).
However, being infected with higher dose of
protoscolices may result in  non-specific
suppression of T cell activity (26).

In conclusion, pyocyanine is a toxic pigment
(dose dependent) causing decrease of T cells
viabilities, especially a higher concentrations,
which let protoscolices to develop and growth and
accordingly P. aeruginosa may pave the way for
the infection with the hydatid cyst. Finaly, the
mechanism of phenazine pigment action is not well
known (9) and till now, numerous questions
regarding this mechanism remain unanswered (27).
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