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Abstract
s Staphylococcus aureus is one of the most important pathogenic *Corresponding Author: Nasim Kashef
bacteria in humans. Due to the antibiotic resistance, treatment of staphylococcal ggc‘ge_sT ASSSCiitrem Profes;ol\r/[vin %/Ieldlcal
infections is difficult. Among the alternative treatment options, plants are considered SChO(fllo (())tgyfaiof(?gy, g(l)llgge :)ctfoslc(i)ez%zz
as a rich source of material with antimicrobial activity. The aim of this study was to University of Tehran, Tehran, Iran
evaluate of the antimicrobial effects of ethyl acetatic, methanolic and water- Tel: 021-61113558

. . . . . E-mail: kashef t.ac.i
methanolic extracts from Satureja khuzistanica, Peganum harmala, Satureja mail: kashefn@ut.ac.ir

sahendica on planktonic growth and biofilm formation of S. aureus.

: The extracts were prepared from different parts of plants
and the antimicrobial properties of the extracts were determined by disk diffusion
and microbroth dilution method. Also, Crystal violet staining assay was used to
evaluate the ability to inhibit biofilm formation of S. aureus strains. Disruption of
pre-formed biofilms of S. aureus strains were evaluated following exposure to plant
extracts in different concentrations (ranging from 3/125 to 400mg/ml).

: The highest inhibitory zones were showed by ethyl acetatic extract of
Satureja sahendica (28/6+0.6mm). Minimum inhibitory concentration (MIC) and
minimum Dbactericidal concentration (MBC) of ethyl acetatic extract of
S.khuzistanica were 1/562 and 3/125mg/ml, respectively. Besides, methanolic
extract of S. khuzistanica was the most effective extract in inhibition of microbial
cells attachment to surface (57/89%) and it showed disruption of pre-formed
biofilms at the concentration of 50 mg/ml.

: The extracts of all mentioned plants had satisfactory antimicrobial
effects against the planktonic growth of S. aureus and methanolic extract of S.
khuzistanica was effective against biofilm formation of S. aureus.

Keywords: Staphylococcus
aureus, Antibiotic resistance,
Plant extracts, Antimicrobial
activity, Biofilm

How to cite this article: Tasallot Maraghi E., Kashef N., Gohari A.R., fekrirad Z. Antimicrobial Activity of Extracts from Satureja khuzistanica,
Peganum harmala, Satureja sahendica on Planktonic Growth and Biofilm Formation of Staphylococcus aureus, Journal of Sabzevar University of
Medical Sciences, 2021; 28(4):556-568.

Copyright © 2021 Sabzevar University of Medical Sciences. This work is licensed under a Creative Commons Attribution- Non
Commercial 4.0 International license (https://creativecommons.org/licenses/by-nc/4.0/). Non-commercial uses of the work are
permitted, provided the original work is properly cited.

Published by Sabzevar University of Medical Sciences.



September 2021, Volume 28, Issue 4

Elaheh Tasallot Maraghi et al.

Introduction

Staphylococcus aureus is a commensal bacteria
that colonizes the skin, and mucous membranes
of the human body and biofilm formation by S.
aureus isolates have been found in human skin
lesions. Biofilm formation is a main virulence
determinant in infection by S. aureus isolates
and is one of the main sources of resistance.

Biofilm is a group of microorganisms that
grows on living and non-living surfaces and
surrounded by an extracellular matrix to provide
an important barrier against the antibiotic
therapies and immune system defense. Due to the
reduced activity of antibiotics to eliminate the
biofilm, it is one of the main problems in
industry and medicine. Given the high
prevalence of S. aureus in nosocomial infections
and the failure of antibiotics in complete
elimination of this pathogen, it is necessary to
find alternative or complementary therapies.

Almost all nations and cultures have written
some texts about plant extracts for medicinal use.
Plants by producing a wide range of chemicals,
in addition to having antimicrobial activity
against planktonic cells, are able to weaken the
biofilm through specific mechanisms.

Many studies have shown that medicinal
plants contain coumarins, flavonoids, phenolics,
alkaloids, terpenoids, tannins, essential oils,
lectin, polypeptides, and polyacetylenes. These
bioactive compounds are used as a starting point
for antibiotics synthesis in order to treat
infectious diseases. The crude extract of
Polygonum persicaria, Rumex hastatus, Rumex
dentatus, Rumex  nepalensis, Polygonum
plebejum, and Rheum australe have antibacterial
and antifungal activities, inhibit the growth of
Citrobacter  frundii, Escherichia colli,
Enterobacter aerogenes, and S. aureus. In
another study, the effect of ethyl acetate,
methanol and water-methanol extracts of
Quercus brantii on biofilm formation and
biofilm disruption of P. aeruginosa were
investigated. This study demonstrated that Q.
brantii extracts had a good inhibitory effect on
biofilm formation ability of P. aeruginosa and
could eradicate  preformed-biofilms in
combination with N-acetylcystein.

This research was aimed to prepare ethyl
acetate, methanol and water-methanol extracts of
Satureja  khuzistanica, Peganum harmala,
Satureja sahendica and to evaluate activity of
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these plant materials on planktonic growth and
biofilm formation of S. aureus.

Methodology

Isolates

Staphylococcus aureus (ATCC 25923) and 9
clinical isolates were used in this study. Clinical
isolates retrospectively collected from burn
wound infections. The isolates were confirmed
by University of Tehran Microorganisms
Collection (UTMC) and received in skim milk
culture. Then clinical strains were cultured onto
nutrient agar plates and incubated at 37°C for
24h. Antibiotic susceptibility of isolates was
examined by disk-diffusion method.

Preparation of plant material

Different parts of the plants were initially air-
dried at room temperature and ground to a fine
powder in a blender. The pulverized materials (1
g) were extracted by maceration using 10 mL
ethyl acetate (EtOAc) to obtain crude EtOAc
extract. The plant materials (1 g) were also
extracted with 10 mL methanol (MeOH) to
obtain crude MeOH extract. Same process was
followed to prepare water-methanol (methanol:
water, 1:1 v/v) extract. Furthermore, extracts
were dried and concentrated under reduced
pressure using a rotary evaporator to yield
solid/semisolid residues. Stock solutions of
crude extracts were prepared, filter-sterilized
(0.45 pm) and stored at 4°C.

Minimum
extracts

Minimum Inhibitory Concentration (MIC) of
ethyl acetate, methanol and water-methanol
extracts of plants against S. aureus (ATCC
25923) was determined by micro-dilution
method.

inhibitory concentration of the

Evaluation of biofilm formation

Assessment of biofilm formation was performed
using a microtitre plate assay according to Perez
et al. Briefly, 1 ml of bacterial suspension (1
McFarland standard) was added to 2 ml of
Trypticase Soy Broth (TSB) and incubated at
37°C for 24h. After incubation, the culture was
vortexed and thereafter diluted 1:50 in fresh
TSB, and 200 pl of this solution was incubated
in 96-well flat-bottomed plates at 37°C for 24h.
Media with suspended bacteria was then
removed; the plates were carefully washed two
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times with sterile phosphate buffer saline (pH
7.4). 200 pl of 95% ethanol was added to each
well and air-dried before staining with 200 pl of
0.4% crystal violet solution for 15 min. After
removing the dye solution and washing with
water, the attached dye was solubilized with 10%
acetic acid and the optical density at 492 nm was
determined by a microtitre plate reader. TSB was
used as a negative control (background
absorbance). A biofilm-positive phenotype was
defined as an optical density at 492 nm of >0.17.

Inhibition of biofilm formation
The effect of different concentration (2 MIC,
MIC and 2 MIC) of ethyl acetate, methanol and
water-methanol extracts on biofilm formation
ability was tested on polystyrene flat-bottomed
microtitre plates. 1 ml of 1 McFarland standard
suspension of the microorganisms was added to
2 ml of TSB and incubated for 24h at 37°C. After
incubation, the stationary-phase culture was
vortexed and there-after diluted 1:50 in fresh
TSB, and 100 pl of this solution was added into
the wells in the presence of 100 pl of each
extract. Solvents were used as the negative
controls. Following incubation, the biofilm
biomass was assayed using the modified crystal
violet staining assay, and the percentage
inhibition was determined according to the
following formula:

Percentage inhibition = (OD Negative control
— OD Experimental )/(OD Negative control)
%100

Evaluation of Minimum Biofilm Eradication
Concentration (MBEC)

To test the ability of the extracts to disruption of
preformed biofilms, biofilms were formed in 96
well microtitre plates by aliquoting 100 pl of 1
McFarland suspension of S. aureus diluted 1:50
in TSB, into the wells. After adding 100 pl fresh
TSB, the plates were incubated for 24h at 37°C.
Following incubation, supernatants were
aspirated, and the wells were rinsed, with sterile
phosphate buffer saline (PBS, pH=7.4) to
remove non-adherent bacteria. Then, 200 pl of
ethyl acetate, methanol and water-methanol
extracts (that showed some degree of inhibiting
cell attachment) was diluted in TSB and added to
a final concentration of 3.125-100 mg/ml in the
wells. Culture medium was used as the positive
control. The plates were further incubated for
24h at 37 °C. The biofilms were scraped
carefully, and then vortexed for 30s to
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homogenize the samples. Treated and untreated
samples were serially diluted, plated on the
nutrient agar plates, and incubated for 24h at
37°C. The MBEC was the lowest concentration
of the extract at which 99.99% or more of the
initial inoculum was killed.

Data analysis

Statistical analysis was carried out using SPSS
Version 19.0. The values were expressed as
mean = SD. One-way analysis of variance
(ANOVA) was used to evaluate any significant
differences between control and treated groups.
P <0.05 was considered statistically significant.

Result

Antibiotic susceptibility test

Among 9 clinical isolates, eight isolates showed
complete resistance to amikacin, amoxicillin-
clavulonate, ceftazidime, oxacillin, gentamicin and
ciprofloxacin. UTMC 1474 was sensitive to
amikacin, oxacillin and gentamicin.

Minimum inhibitory concentration of extracts
MIC values of ethyl acetate and methanol extracts
of S. khuzistanica were 1.526, and 3.125 mg/ml,
MIC values of ethyl acetate and water-methanol
extracts of S. sahendica were 3.125 and 25 mg/ml,
and MIC value of methanol extract of P. harmala
was 6.25 mg/ml.

Evaluation of biofilm formation

S. aureus (ATCC 25923) and all clinical isolates
had biofilm formation ability (OD>0.17), but with
different strength.

Inhibition of biofilm formation

Methanol extract of S. khuzistanica was found to
be more effective in inhibiting biofilm formation
ability of S. aureus than other extracts. All extracts
in three concentrations (2 MIC, MIC and 2 MIC)
showed some degree of inhibition. In most of
cases, there were significant differences between
treated and untreated groups (p<0.05).

Evaluation of MBEC

The results showed that ethyl acetate and methanol
extracts of S. khuzistanica were more effective in
eradication of S. aureus preformed biofilms than
other extracts.

Discussion

In the present study, the effect of ethyl acetate,
methanol and water-methanol extracts of .
khuzistanica, P. harmala, S. sahendica on biofilm
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formation and biofilm disruption of S. aureus were
assessed. Our results indicated that ethyl acetate
extract of S. khuzistanica was the most effective
extract in killing of S. aureus isolates. Eftekhar et
al. also showed that S. khuzestanica essential oil
had strong antimicrobial activity against
multidrug-resistant Acinetobacter baumannii.

All extracts in three concentrations (%2 MIC,
MIC and 2 MIC) showed some degree of inhibition
of biofilm formation ability of isolates. Methanol
extract of S. khuzistanica was found to be the most
effective extract (57.9 % inhibition). Microbial cell
adhesion and organization within a polysaccharide
matrix is an important step in biofilm formation.
Therefore, the ability of plant extracts to inhibit the
cell adhesion can result in preventing biofilm
formation. However, the mechanism of inhibition
has not fully understood.

According to our results, ethyl acetate and
methanol extract of S. khuzistanica were the most
effective in eradication of S. aureus preformed
biofilms. According to Skakeri et al. study, in the
presence of biofilm barrier, the strains react to
antimicrobial compounds based on the strength and
thickness of their biofilms. So, concurrent use of
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extract and the compounds increasing biofilm
permeability provides quick and easy penetration
of extract into the biofilm and facilitates the access
of plant extract to the cells accumulated in the
biofilm.

Conclusion

Our results show that methanol extract of S.
khuzistanica had the most effective inhibitory
effect on biofilm formation ability of S. aureus and
could also eradicate preformed-biofilms. More
understanding of the mechanism of action and the
natural components of these extracts seems to be
valuable.
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