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Background: Silver nanoparticles can be applied to control infections.

Objectives: The current study aimed to detect antibacterial activity of silver nanoparticles produced by Plantago ovata seed extract against
antibiotic resistant Staphylococcus aureus.

Patients and Methods: All the antibiotic resistant Staphylococcus aureus strains isolated from the patients with urinary tract infection
admitted to the hospitals in Zabol (South-eastern Iran) from January 2011 to January 2012 were studied. Then, minimum inhibitory
concentration (MIC) of the isolates against the prepared extract was evaluated by the microdulition method.

Results: The silver nanoparticles revealed Gaussian distributions with the average diameter of 13 nm with some deviations, and results
showed that the highest and the lowest MIC of P. ovata seed extract were 100 and 12.5 mg/mL, respectively.

Conclusions: The current study results showed that silver nanoparticles produced by Plantago ovata seed extract had an antibacterial

effect on Staphylococcus aureus which was resistant against cefixime, trimethoprim-sulfamethoxazole and penicillin.
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1. Background

Development of microbial resistance against antibiot-
ics is a major worldwide issue. Staphylococcus aureus is
the normal flora of human skin and the anterior nares,
but frequently causes severe infections such as endocar-
ditis, meningitis, septicemia, gastroenteritis, toxic shock
syndrome, and certain food intoxications in humans (1).
Rapid identification of S. aureus is crucial for proper
management in patients with severe infections (2, 3). To-
day, nanoparticles are being used as fundamental build-
ing blocks of nanotechnology and caused antibacterial
effect by some plants or seeds (4, 5). The major important
and special feature of nanoparticles is that they exhibit
larger surface area to volume ratio (4, 5). In recent years,
plant mediated biological synthesis of nanoparticles is
gaining importance due to its simplicity and eco-friend-
liness. In recent decades, researches showed that many
seeds and plants such as Plantago ovata have anti-bacte-
rial effects (6-10). Plantago ovata can reduce the level of
cholesterol in blood. Also, it has anti-diarrheal effect that
can set blood sugar. Although, it has been used as a laxa-
tive, itis more used as a true dietary fiber that can reduce
the symptoms of both constipation and mild diarrhea.
Also, its effect is reported in the treatment of ulcerative
colitis (UC) and Crohn's disease (CD) (9, 10). The genus
Plantago contains over 200 species. Plantago ovata and P.

psyllium are produced commercially in several European
countries such as Spain, France, and also in Iran and In-
dia. Plantago seed, known commercially as black French
or Spanish psyllium, is obtained from P. psyllium. The seed
produced from P. ovata is commercially known as white
or blonde psyllium, Indian plantago, or Isabgol. India
dominates the world market in the production and ex-
port of psyllium.

2. Objectives

The current study aimed to determine the antibacterial
activity of silver nanoparticles produced by Plantago ova-
ta seed extract against antibiotic resistant Staphylococcus
aureus.

3. Patients and Methods

A cross-sectional study was carried out on the bacteria
isolated from the patients with urinary tract infection
hospitalized in Zabol hospitals (South-eastern Iran) from
January 2011 to January 2012.

3.1.Isolation of Bacteria

All samples were collected aseptically from 50 patients.
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Identification of all causative microorganisms was per-
formed by standard microbiological methods.

3.2. Plant Materials

Seeds of Plantago ovata were collected from some re-
gions of Zabol, Iran. The seeds were dried at room tem-
perature, then transferred into glass containers, and
stored until the conduction of extraction process.

3.3. MIC Determination of Silver Nanoparticles

Silver nitrate (AgNO,) was used as the source for silver
synthesis. The biosynthesis of silver nanoparticles using
the extract of P. ovata was confirmed by the change in
the color of the solution from yellow to brown, and then
the MIC was detected as the lowest concentration of the
extract when bacteria did not demonstrate the visible
growth. The broth micro-dilution method was used to de-
tect MIC. Serial doubling dilutions of the silver nanopar-
ticles produced in the plant P. ovata seed extract were pre-
pared in a 96-well micro-titer plate ranging from 12.5 ppm
to 200 ppm to each well, 10 uL of the indicator solution
and 10 uL of Mueller Hinton Broth were added. Then, 10 pL
of bacterial suspension (106 CFU/mL) was added to each
well to achieve a concentration of 104 CFU/mL. The plates
were covered slackly with cling film to ensure that the
bacteria were not dehydrated. The plates were prepared
in triplicates and then maintained in an incubator at 37°C
for 18 to 24 hours. Then, the color change was determined.
The microorganism growth was detected by turbidity.

4. Results

The current study, results showed that 12 samples of S.
aureus which infected the urinary tract system were resis-
tant to cefixime (33%), trimethoprim-sulfamethoxazole (41.
66%),and penicillin (50%). The MIC of P. ovata against these
drug resistant S. aureus is shown in Table 1, and it indi-
cates that the highest and the lowest MIC values of P. ovata
againstS. aureus were 100 and 12.5 mg/mL, respectively. The
silver nanoparticles revealed Gaussian distributions with
the average diameter of 13 nm with some deviations.

Table 1. Drug Resistant Staphylococcus aureus isolates and Their
MIC Values

Bacterial MIC, ppm
S.aureus1 25
S.aureus?2 50
S.aureus3 25
S.aureus 4 12.5
S.aureus>5 50
S. aureus 6 50
S. aureus?7 25
S.aureus 8 25
S.aureus9 50
S. aureus10 25
S.aureus11 100
S. aureus 12 100
2

5. Discussion

Based on the results of the current study, all samples of
S. aureus showed resistance to cefixime, trimethoprim-
sulfamethoxazole, and penicillin by silver nanoparticles
produced by Plantago ovata seed extract. Silver nanopar-
ticles have attracted intensive interests because of their
important applications in antimicrobial catalysis (11, 12).
The results of the current study showed that the highest
MIC of P. ovata seed extract was 100 mg/mL and the low-
est MIC was 12.5. In the survey by Bokaeian, the highest
and the lowest MIC of P. ovata seed extract values were
200 and 12.5 ppm, respectively. They also observed that at
a specific dose of AgNPs killed the bacteria without harm-
ing the host cells. They reported that silver nanoparticles
have a potent antimicrobial activity against the antibi-
otic resistant Klebsiella pneumoniae strains (7). Motame-
di et al. reported that even the high concentration of
Plantago ovata extract did not have antibacterial effect
against Brucella melitensis; while Oliveria decumbens
and Crocus sativus extracts were effective even at the
lowest concentrations (13). In the research performed by
Krishnaraj C, silver nanoparticles of 20-30 nm extracted
from the leaves of Acalypha indica showed antimicrobial
activity against Escherichia coli and Vibrio cholera. In their
study, silver nanoparticles of 10 pg/mL were recorded as
the minimal inhibitory concentration (MIC) against E.
coli and V. cholera (14). In the study by Konwarh et al. silver
nanoparticles of 3-12 nm extracted from the peels of Cit-
rus sinensis were reported to show activity against Bacil-
lus subtilis (15). The study by Saxena A et al. showed that
33. 67 nm particles extracted from Allium cepa stem had
an antimicrobial activity against E. coli and Salmonella
typhimurium (16). In the research performed by Ramteke
et al. AgNPs stabilized by Tulsi leaf extract. Antimicrobial
activity of this extract was evaluated against the well-
known pathogenic strains such as Staphylococcus aureus
and E. coli, and the inhibitory zones of 11mm and 10mm
were observed for E. coli and S. aureus, respectively (17). In
the study by Prokopovich, the results showed that only
the nanoparticles with the highest amount of inorganic
fraction showed antimicrobial activity against methicil-
lin resistant Staphylococcus aureus (MRSA) at concentra-
tions as low as 0.1% (w/w) (18). In the study by Duran, the
results detected that cotton fabrics incorporated with
silver nanoparticles had a significant antibacterial activ-
ity against S. aureus (19). Soo-Hwan et al. reported that
the MIC of Ag-NPs against S. aureus and E. coli was 100 pg/
mL (20). Considering the mentioned studies and their re-
sults, it can be concluded that silver nanoparticles have
a potent antimicrobial effect against antibiotic resistant
bacteria such as S. aureus. However, more researches are
required to evaluate the practical value of these particles
before the therapeutic usage.
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