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Introduction

Pseudomonas aeruginosa is an aerobic, gram
negative, opportunistic pathogen possessing
lipopolysaccharides, polar flagella and pili (1, 2).
This bacterium has a widespread distribution, acts
a disease causing agent in patients with immune
deficiency, neutropaenia, burns and those with
conter, and is the most popular infectious agent of
the respiratory system, urinal and gastrointestinal
tracts, the CNS, bone and cartilage tissues, skin
and the soft tissue, bacteremia, toxic septum and
ear and eye infections (3, 4, 5). Treating patients
infected with S. aeruginosa, in particular multiple
drug resistant (MDR strains), has proved
cumbersome  (6). Following inappropriate
experimental treatments, sensitive strains have
turned resistant to antibiotics through either
induction of enzymes with antibiotic inactivating
activity or mutation in genes encoding outer
membrane porins, or plasmid transfer. Production
of pB-lactamase is one of the most important
mechanisms  through  which bacteria gain
resistance, and the number of bacteria acquiring,
through mutations, the ability to produce f-
lactamase is on the rise (7, 8). Heavy metals are a
group of elements with an atomic mass greater
than 40 grams and a specific weight of more than
5 g/cm (9). They frequently find their way into
soil  through  environmental  contaminants
including industry related atmospheric
contaminations, uncontrolled use of pesticides and
both municipal and industrial swage systems in a
nonreturnable fashion (10). Unlike organic
contaminants, which can be converted into
nontoxic material, metals are intrinsically stable in
nature (11). A number of these heavy metals
including zinc (Zn+2) are among important
elements of the biological systems, as they serve
essential roles in the maintenance of the 3D
structure of many proteins (12). The metal zinc as
a micronutrient is considered an essential element
in the growth and development of plants, however,
when present in greater amounts, metabolic
disorders eventually leading to growth inhibition
may follow in both plants and microorganisms
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(13). One of the major mechanisms by which
heavy metals, including zinc, cause toxicity is
through the generation of free radicals and
oxidative stress (14). Due to the importance of P.
aeruginosa in health related infections and their
resistance to antibiotics, the present investigation
aimed at revealing the antimicrobial properties of

ZnS0Oy4 in sensitive and MDR strains of
P.aeruginosa.

Material and Method
Clinical and soil sampling

To isolate and purify P. aeruginosa strains, both
clinical, prepared from patients' wounds, and soil
samples were transferred to the laboratory under
sterile conditions. Ten serial dilutions of 10-1-10-
10, prepared from all samples, were plated on
cetrimide culture medium in duplicates and
incubated at 37 °C for 48 hours.

Strain identification

Bacterial colonies were examined both
macroscopically and microscopically. Strain
identification was performed using Gram staining,
tests for oxidase, catalase, pigmentation, OF,
citrate, urease, arginine dehydrolase, lysine and
ornithine  decarboxylase, reaction in TSI
environment and growth at 42 °C (15).

Sensitivity to antibiotics

Bacterial suspensions with a turbidity of half a
McFarland (1.5x10%) were prepared according to
CLSI (The Clinical and Laboratory Standards
Institute). Sterile swaps of bacterial suspensions
were then streaked on Mueller Hinton agar
media.
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Antibiotic discs, purchased from Mast Diagnostics
(UK, Mast group Ltd), were used for Disc
diffusion agar (Kirby bauer) method for strain
sensitivity to the antibiotics pipercillin (100 pg),
ciprofloxacin (5 pg) amikacin (30 pg) and
ceftazidime (30 ug), ceftriaxone (30 ug), cefepime
(30 ug), imipenem (10 pg) and meropenem (10 ug)
(16). Following incubation at 37 °Cfor 18-24 hours,
zone of inhibition was measured for each disc.
Antibiotic sensitivity was determined according to
the CLSI table.

Sensitivity to different concentrations of zinc
sulfate

Bacterial strain sensitivity to zinc was performed
by both disc and broth microdilution methods. In
the Disc method, bacterial suspensions with a
turbidity of half a McFarland (1.5x108 CFU/ml)
were initially prepared from fresh bacterial
cultures. Using a sterile swap, these suspensions
were transferred to Mueller Hinton agar plates,
prior to overlaying the plates with sterile blank
disks soaked in solutions of different zinc
concentrations. These plates were then incubated at
37 °C for 24 h prior to being subjected to
measurements of the zone of inhibition. In the
broth microdilution method, tubes containing 1 mli
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of sterile LB broth medium and 10-500 ppm of
zinc (serially diluted from a stock of 1000 ppm)
(17) were initially prepared, followed by
inoculation with 100 pl of bacterial suspension
with a turbidity of half a McFarland prior to
incubation at 37 °C for 24 h.

Result

Sampling and identification

A total of 84 strains of P. aeruginosa were
isolated from both clinical (34 strains) and soil
(50 strains) samples, and identified through
biochemical tests. Of these, a total of 21 strains
were MDR of which 19 were from clinical and 2
were from soil samples (Table 1).

Strain sensitivity to zinc sulfate

The Disk method revealed a minimum zinc
concentration of 125 ppm required for the
appearance of the zone of inhibition for the
antibiotic sensitive strains, while that of the MDR
strains was 500 ppm (Table 2). In the broth
microdilution method, results of the turbidity
assay for bacterial growth revealed MIC values of
20 ppm and 130 ppm for sensitive and MDR
strains, respectively (Table 3).

Table 1. The antibiogram of MDR strains of Pseudomonas aeruginosa

Antibiotics Resistant strains
(NO,)
Resistant strains 21
Amikacin 15
Ciprofloxacin 10
Pipercillin 13
Ceftriaxone 21
Ceftazidime 20
Cefepime 20
Imipenem 21
Meropenem 21
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Resistant strains from clinical samples

(NO.) (NO.)

19
15
10
13
19
19
19
19
19

NN PR P NOOON

Vol. 3, No. 1, 2(2014): pp.22-27 jmb.tums.ac.ir

24

Resistant strains from soil samples



Antimicrobial Effect of ZnSo4...

Discussion

Health related problems associated with
infections by P. aeruginosa have been well
documented, while dealing with resistance to
antibiotics has been a challenging task. The present
investigation aimed at revealing the antibacterial
properties of the metal zinc in the form of ZnSO4.
Of the examined samples, a total of 84 P.
aeruginosa were isolated from both clinical and
soil samples in cetrimide agar medium, and
identified by both phenotypic and biochemical
examination.

Table 2. Zinc sensitivity assay by the Disc method

Average diameter of zone of inhibition measured
by Disc method

Strain Concentration Disk Well (mm)
(ppm) (mm)
Sensitive 125 15 15
Resistant 500 13 13

MDR strains of P. aeruginosa demonstrated a
greater resistance to the metal zinc than did the
sensitive strains, and a ZnSO4 concentration more
than 130 ppm showed an antibacterial property and
inhibited the growth of both sensitive and MDR
strains of P. aeruginosa. In a separate set of
experiments, however, 80 ppm nanoZnO treatment
of bacteria in the sewage system did not have any
effect on their survival, while 100 ppm and 1000
ppm of the nanoparticle caused 36% and 80%
reduction in the population of the bacteria,
respectively (24). Despite major differences
between the results obtained by this study and ours,
it is very likely that such differences may originate
from differences in the location of sampling as well
as the nature of the zinc compound used in the two
studies.
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In  conclusion, the present investigation
demonstrated that of the sampled strains of P.
aeruginosa, all were sensitive to the metal zinc,
and that zinc concentrations greater than 130 ppm
have antibacterial effect on all the examined
strains. Due to the increasing number of MDR
strains of P. aeruginosa, appropriate concentration
of the metal zinc (ZnSO4) is suggested as a
potential antibacterial agent. Despite its important
role in the biochemical structure of the bacteria,
too much zinc is toxic to the survival of
microorganisms (18). A 30 ppm of the metal zinc
was reported to be lethal to the survival of sensitive
bacteria (19), while a short term treatment with
increasing concentrations in soil of the metal zinc
reduces bacterial population in a linear fashion
(20). A MIC value of 1 mg/ml of the metal zinc has
been reported for intestinal bacterial population
(22).

Table 3. MIC values of the metal zinc for sensitive
and MDR strains of Pseudomonas aeruginosa

Zinc growth Strain Sample
inhibitory
concentration
(ppm) _ o
130 Resistant Clinical
20 Sensitive Clinical and Soil

A reduction in the activity of soil bacteria due to
a 2 mmol zinc treatment has been reported by
Babich et al (22). While in a separate pot
experiment, soil bacteria were sensitive to
concentrations greater than 50 ppm of the metal
zinc (23).
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