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SUMMARY

Study was carried out on the expoproducts of 15 strains of
Ps.aeruginosa isolated from wound infection, otitis media and
urinary tract infection. It was noticed that the exoproducts
exhibited lethal effect when injected intraperitonealy into white
mice as well as dermonecrotic activity when injected into skin
of rabbits. As regards the haemolysin activity, it was detected
for all the products by agar well technique and the tube method.
Also, the exoproducts had antimicrobial activity on Gram-positive
and some Gram-negative organisms. All these activities were
thermolabile at 60°C for 10 minutes.

INTRODUCTION

The emergence of ps.aeruginosa as an important pathogen in the last 20 years has been
due primarily to its resistance to antibiotics. Also, the increasing number of patients receiving
broad spectrum antibiotics, immunosuppressive agents, and other metabolic inhibitors have placed
the opportunistic -and antibiotic resistant ps.aeruginosa in the forefront as a primary cause
of clinical infections. This led to attempts to use immunological methods in control of this
infection, and require to study the mode of pathogenesis of this ‘organism.

It was generally held that the pathogenesis of Gram-negative bacteria was due to their
endotoxins. The failure of large number of dead ps.aeruginosa cell to reproduce the pathological
picture as that had been seen in infections with live cells should have indicated that endotoxin
alone was not sufficient to explain the pathogenesis of the organism (LIU, 1957; LIU, et al.
1961). This evidence confirms that the pathogenesis of the organism is mostly due to its extrace-
llular products (LIU, 1974; BLACKWOOD, et al. 1983).

Our attention is now being focused on the prevention and control of these problems.
In our work trials were made to evaluate the roles played by extracellular products of ps.aerugi-
nosa in its pathogenesis. The pathological picture produced by exotoxins as well as the antibac-
terial effect of the extracellular products against a variety of Gram-positive and Gram-negative
bacteria was studied.
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MATERIAL and METHODS

A total number of 15 strains of Ps.aeruginosa was isolated from cases of urinary tract
infection, otitis media and wound infection atending Assiut University Hospital.

They were identified according to CRUICKSHANK, et al. (1975) as well as WILSON and
MILES (1983) by their motility, reduction of nitrate, production of oxidase and pigments, ability
to liquefy gelatin and urease production. The metility of Ps.aeruginosa strains was tested by
measuring migration in soft agar tubes, all strains were motile. The oxidase test was performed
as described by STANIER, et al. (1966), cultures grown for 24 hours on cetrimide agar medium.

Gelatin was rapidly liquefied by all strains, in litmus milk an alkaline reaction and clotting
were noticed.

All the strains produced diffusible pigments. The identified strains were evaluated for
the production of the extracellular products which are important virulent factors in Ps.aerugi-
nosa infections.

Two drops of 16 hours nutrient broth culture of each strain were inoculated into each
of 5 flasks each containing 200 ml. nutrient broth and incubated at 37°C for either 16, 48,
72, 96 or 120 hours. Each medium was centrifugated at 4000 r.p.m. for 20 minutes and the
supernatent was further filtered using sterile Seitz filter. The filtrates then preserved in refriger-
ator at 4°C for further use in the following tests.

1- Toxigenicity:
The filtrates of different strains were tested for their toxigenicity by intraperitoneal

injection into white mice. The inoculated doses were 0.2, 0.5 and 1 ml. of each strain into
3 groups each contained 4 mice.

The inoculated animals were kept under observation and the number of dead animals
were recorded. A control was included and injected with sterile broth.

2- Haemolytjc activity:

0

It was tested by two methods. The first was the agar well technique using plates contai-
ning 5% human blood group "O" and sheep blood and the second was the tube method using
2.5% of the same RBCs of human blood group "O" and sheep blood.

3- Dermonecrotic activity:

This was done by the LD. injection of 0.2 ml. of each filtrate into rabbits after shaving
the site of inoculation; sterile broth was used as control.

4— Detection of alkaline phosphatase:

Release of alkaline phosphatase was also detected in the extracellular product, this was
done by using photometer apparatus and sterile medium was used as control (CHENG, et al.
1970).

5- Antibacterial effect:

The antibacterial effect of the products was determined by its serial dilutions in physiologi-
cal saline being prepared first then using cup-diffusion method against a variety of Gram-posi-
tive and Gram-negative microorganisms.

Assiut Vet.Med.). Vol. 18, No. 35, 1987.
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These organisms were Staph. aureus, Staph. albus, Staph. citreus, Strept. pyogenes, Pneumo-
cocci, Corynebacterium mitis. Bacillus cereus, E.coli, Enteropathogenic E.coli, Klebs. pneumonia,
Proteus vulgaris and Ps.aeruginosa.

6- Effect of heat on filtrates:

The filtrates were heated at 60°C for either 10, 20 or 30 minutes and retested for toxi-
genicity and inhibitory effects.

RESULTS

From the table No. 1 it was noticed that untreated crude products killed all the injected
mice at doses of 0.5 and 1 ml. while the 0.2 ml. dose did not kill the injected mice in case
of culture incubated for 16 and 48 hrs. The same dose of cultures incubated for longer periods
had a mortality range between 25-50%.

From the same table it was observed that all the crude products heated at 60°C for
10, 20 or 30 minutes were non toxic to mice.

~ As regards the haemolytic activity, it was observed that all the strains produced haemoly-
tic extracellular product. It was also noticed that the haemolysin produced by filtrate of strains
isolated from wound infection was somewhat, stronger than the other strains as its activity
was noted with dilution up to 1/16 while that of the other strains did not exceed 1/4 dilution.
The dermonecrotic activity was demonstrated by the filtrate of all strains. It started with
ulceration and papule formation and ended with necrosis.

As regards the alkaline phosphatase, it was released by all the isolated strains in a consi-
derable quantity.

From table No. 2 it was observed that the exoproducts of Ps.aeruginosa had antimicrobial
activity against many microorganisms such as Staph. aureus, Staph. albus, Staph. citreus, pneumo-
cocei, Strept.pyogenes, Prot. vulgaris, E.coli, Ps.aeruginosa and Bacillus cereus. The diameter
of zone of inbibition was measured. On the other hand entero-pathogenic E.coli, Coryne. diphth-
eriae (mitis) and Kleb.pneumonia were not affected at all by the filtrates.

The inhibitary effect of the exoproduct as well as its haemolytic activity, toxigenicity
or dermonecrotic activity was abolished by heating at 60°C for 10 minutes.

DISCUSSION

The pathogenesis of Ps.aeruginosa is mostly due to its extracellular products which produc-
ed most of the histopathological effects of the infection (LU, 1957; LIU, et al. 1961 and
BLACKWOOD, et al. 1983). In our work, the lethality of the exoproduct on lp injection to
white mice mainly was due to the effect of the exotoxin. It was noticed that the filtrate
of broth culture incubated for 16 hours was sufficient to kill the white mice after 12 hours
and maximum mortality rate was observed after 24 hours. This result is similar to that obtained
by LIU (1973) and PAVLOVASKIS and SHACKEFLORD (1974). The virulence of Ps.aeruginosa
appears to be correlated with its ability to produce an exotoxin (IGLWSKI and KABAT, 1975
and BERDAL, et al. 1982).
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All Ps.aeruginosa strains used in our work were able to produce proteolytic activity and
lead to complete liquefaction of gelatin within 48 hours. The strains were also evaluated accord-
ing to its protease activity as it plays a role in its effect; HOLDER and HAIDERIS (1974) and
SNELL, et al. (1978) had mentioned that protease would play a role in virulence of ps.aeruginosa
lnfectlon.

The exoproducts produced characteristic necrotic lesion in the skin of rabbits. Such lesion
is most probably due to protease, phospholipase and phosphatase produced by different strains.
This type of skin lesion was found to be associated with the protease of Ps.aeruginosa recorded
by LIU (1966).

In our work it was noticed that the crude products of Ps.aeruginosa exhibited a high
inhibitory effect on most Gram-positive organisms (Staph.aureus, albus, citrus, Strept. pyogenes,
pneumococci and Bacillus cereus as well as some Gram-negative bacilli (E.coli, Prot.vulgaris,
and 2 strains of Ps aeruginosa isolated from urinary tract infection).

The significance of the pigments of Ps.aeruginosa particularly pyocyanine in the pathogen-
esis of this organism probably lies in its inhibitory effect on .other bacteria or even other strains
of the same species. Therefore, the pigment may play role in the suppression of other bacterial
flora and their replacement by pseudomonas; a common event in long lasting infections.

In our work it was observed that the inhibitory effect, the haemolytic activity, dermonecro-
tic activity as well as the lethal effect were heat labile. The aforementioned observations
are sufficient to indicate that the pathogenesis of Ps.aeruginosa is in large part due to the
heat labile extracellular toxins. It is believed that these correlated characteristics presented
here will necessitate that immunological studies should be attempted in order to prevent Ps.aeru-
ginosa infection.
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Table (1)
Toxigenicity of the exo-products of Ps.aeruginosa on intraperitoneal injection of white mice

: Treated toxin by heati t 60°C for a period of
Incubation Untreated toxin Dose " g s . o

Origin of strains period of

10 minutes 20 minutes 30 minutes
igsecd adwl Rom T e T S i W T
Otitis media 16 hrs. *0/4 4/4 4/4 0/4 0/4 0/4 0/4 0/4 0/4
48 hrs. 0/4 4/4 4/4 0/4 0/4 0/4 0/4 0/4 0/4
72 hrs. 2/4 4/4 4/4 0/4 0/4 0/4 0/4 0/4 0/4
96 hrs. 2/4 4/4 4/4 0/4 0/4 0/4 0/4 0/4 0/4
* 120 hrs. 2/4 4/t 4/4 0/4 0/4 0/4 0/4 0/4 0/4
Urinary tract 16 hrs. 0/4 4/4 4/4 0/4 0/4 0/4 0/4 0/4 0/4
infection. 48 hrs. 0/4 4/4 4/4 0/4 0/4 0/4 0/4 0/4 0/4
72 hrs. 1/4 4/4 0/4 0/4 0/4 0/4 0/4 0/4 0/4
96 hrs. 1/4 4/4 4/4 0/4 0/4 0/4 0/4 0/4 0/4
120 hrs. 2/4 4/4 4/4 0/4 0/4 0/4 0/4 0/4 0/4
Wounds. 16 hrs. 0/4 4/4 4/4 0/4 0/4 0/4 0/4 0/4 0/4
48 hrs. 0/4 4/4 4/4 0/4 0/4 0/4 0/4 0/4 0/4
72 hrs. 2/4 4/4 4/4 0/4 0/4 0/4 0/4 0/4 0/4
96 hrs. 2/t 4/4 4/4 0/4 0/4 0/4 0/4 0/4 0/4
120 hrs. 2/4 4/4 4/4 0/4 0/4 0/4 0/4 0/4 0/4
Sterile broth 0/4 0/4 0/4 0/4 0/4 0/4 0/4 0/4 0/4

(control)

i

* N.B.: The numerator gives the number of dead mice and the denominator represents the number of
inoculated animals.
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Table (2)
The effect of Pseud.aeruginosa filtrate on the growth of gram
positive and gram negative organisms using agar diffusion method

Serial dilution of the filtrate

Unit 1/2 1/4 1/8 1/16 1/32 1/64 1/128 cont.

Staph.aureus.

Staph.citreus.
Pneumococci
Strept.pyogenes
Bacillus.cereus
Coryn.diphtheriae (mitis)
Excoli
Enteropathogenic E.coli
_Prot.vulgaris
Klebs.pneumonia
Pseud.aeruginosa

tidirrtssitl
vttt el is

Abbreviations: +++, ++, + the extent of the inhibition zone.
-- = No effect.
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