Biological Journal of Microorganism
5th Year, Vol. 5, No. 20, Winter 2017
Received: August 28, 2017/ Accepted: December 26, 2017. Page: 1- 8

Antimicrobial properties of Hyssopus officinalis extract against antibiotic-resistant
bacteria in planktonic and biofilm form

Mehdi Hassanshahian *
Associate Professor, Research and Technology Institute of Plant Production (RTIPP), Shahid Bahonar University of Kerman, Iran,
mshahi@uk.ac.ir
Amir Saadatfar
Assistant Professor, Research and Technology Institute of Plant Production (RTIPP), Shahid Bahonar University of Kerman, Iran,
saadatfar.amir@gmail.com
Fatmeh Masoumi
M.Sc., Department of Biology, Faculty of Science, Shahid Bahonar University of Kerman, Kerman, Iran, fmasoumi@yahoo.com

Abstract
Introduction: Extensive use of antibiotics led to the development of bacterial resistant to
antibiotics. Medicinal plants can be alternative choice for antibiotics. The plant (Hyssopus
officinalis) belongs to Lamiaceae family recently were attracted as a source for antimicrobial
agents. The aim of this study was to evaluate the antibacterial and inhibitory activity

of H. officinalis extract on the growth of six antibiotic-resistant bacteria.
Materials and methods: In this study, ethanolic and methanolic extracts of H. officinalis
were prepared. Antibacterial activity of the ethanolic and methanolic extracts was evaluated
by paper disc diffusion method. Also, MIC and MBC of these extracts were determined for
six pathogenic bacteria. The effect of these extracts on biofilm of bacteria (biofilm formation
and destruction) was evaluated by microtiter plate method. The chemical composition of the
extract was identified by GC-MS.
Results: The results of study showed the maximum inhibitory effect of these extracts against
planktonic forms belong to Staphylococcus aureus and Pseudomonas aeruginosa. Between
all studied bacteria, Acinetobacter baumannii showed the greatest sensitivity to H. officinalis
extracts in Muller Hinton broth (MIC= 3.125 mg ml-1). The highest inhibitory effects of H.
officinalis ethanolic extract on biofilm formation were observed against Escherichia coli (95
%). The results of biofilm destruction showed that Klebsiella pneumoniae biofilm had a
resistant biofilm structure between all tested bacteria (16.41 %). The GC-MS analysis
revealed that five active compounds were present in the extract of this plant.
Discussion and conclusion: The data obtained in this study confirmed that H.officinalis
extract inhibit growth and biofilm formation of some pathogenic bacteria. It can be proposed
for future studies that the compounds of this plant used for design a antimicrobial agent.
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Introduction
Despite extensive progress in scientific
knowledge and medicine, infectious
diseases remain a leading cause of
worldwide morbidity and mortality. The
main chemical agents for eradication of
pathogenic fungal and bacteria are
antibiotics. Antibiotics were gold key for
the treatment of pathogens for long times.
However, in recent years, antibiotic
resistant bacteria were increased and the
use of antibiotics for treatment of
pathogenic microbes had less efficiency
(1). Bacterial biofilms are complex and
vast-structured communities of adhesive
microorganisms enclosed in a selfproduced
extracellular
matrix
of
exopolysaccharide
and
irreversibly
connecting to various surfaces (2, 3). The
capability of microorganisms to attach to
both biotic and abiotic surfaces and to
form biofilm are accountable for a number
of diseases of chronic nature, indicate high
resistance
to
antibiotics
(4,
5).
Accordingly, biofilms can cause important
problems in very areas, both in medical
settings and in non-medical settings (6, 7).
In recent years, attentions drawn on
herbs, because they increase in antibioticresistant bacteria and side effect of
synthetic antibiotics. Medicinal plants are
known for having synthetica diversity of
compounds to protect themselves against
many of their own pathogens and therefore
can serve as antimicrobial materials (8).
Hyssopus officinalis is a flowering
plant, which belongs to Lamiaceae family
(9) and a herb widely growing in Iran (10).
This plant has been used in folk medicine
for various aims such as antiinflammatory, anti-bacterial, anti-pyretic,
anti-spasmodic, antihypertensive and antihyperlipidemic purposes (11). The aim of
this research was to evaluate the
antibacterial and antibiofilm activity of H.
officinalis. Also the effective compounds
of this plants were determined.
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Materials and Methods
The
fresh plant of H. officinalis was prepared in
May, 2015, from Kerman, Iran. The
taxonomical identification of the plant was
confirmed by a plant taxonomist and the
DH9541 code were registered as herbarium
code for this plant. The plants dried in air
and powdered. Fifty grams of H. officinalis
powder were soaked in 500 ml of ethanol
and methanol (96 %) solvents. Different
extracts were prepared using the cold
maceration process for 72h at room
temperature under constant shaking and
ﬁltered with Whatman No.1 ﬁlter paper. The
residue was further macerated and ﬁltered
twice with the same solvent overnight. The
ﬁltrates obtained from each extraction were
mixed and concentrated under vacuum. The
extracts obtained were kept at 4°C for
further use (12, 13)
Bacterial strains: Six pathogenic bacteria
were used in this study. The Gram-positive
bacteria were Bacillus cereus (ATCC1298)
and Staphylococcus aureus (ATCC1189),
and
Gram-negative
bacteria
were
Pseudomonas aeruginosa (ATCC27853),
Escherichia
coli
(ATCC35218),
Acinetobacter baumannii (ATCC1611) and
Klebsiella pneumonia (ATCC700603).
Disk Diffusion Method: Antimicrobial
activity of the ethanolic and methanolic
extracts was evaluated by paper disc
diffusion method. Saved culture of test
bacteria was grown in Notrient Broth (NB )
medium at 37 °C for 24 h. Final cell
concentrations were adjusted to 108 cfu ml-1
with reference to the McFarland standard
(OD= 0.5). This inoculum 1ml was added on
the surface of Mueller-Hinton Agar (MHA,
Oxoid) plates by sterile cotton swab. Then, 6
mm paper discs (0.15 mg ml-1 of each
extract) were placed into each of these
concentrations for 1 h. The disc was put for
30 minutes at room temperature and
transferred to the medium. Disc solvent-free
extract used as negative control. The
Plant samples collection and extraction:
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inhibition zone around each disc was
measured in millimeter and the assay was
carried out three times for each extract (14,
15).
MIC

and

MBC

determination:

Determination of the Minimal Inhibitory
Concentration (MIC) was carried out using
the macrobroth dilution method as
recommended by the Clinical and
Laboratory Standards institution (CLSI).
The concentration of bacterial culture was
serialy diluted to reach 5×105 cfu ml-1.
Different concentrations of extract were
prepared by dissolving extract stock
concentration (100 mg ml-1) in sterile culture
medium (NB). Then, 1 ml of standardized
inoculum (5×105 cfu ml-1) was added to 1 ml
of each extract concentration. Then, all tubes
were incubated at 37°C for 18 h. MIC was
calculated as the lowest concentration able
to inhibit bacterial growth. Two controls
were used for this experiment: 1) tube with
extract and growth medium, and 2) the tube
with growth medium and inoculum.
Minimal Bactericidal Concentration (MBC)
was determined by inoculate negative tubes
(tubes that had not any visible growth) into
MHA plates and subsequent incubation at
37°C for 24 h. The minimum concentration
inhibited colony formation on agar was
considered as MBC for the extract (16).
Inhibition of biofilm formation: Biofilm
formation in polystyrene microtiter plates
was assayed according to O’Toole and
Kolter (1998) method with some
modifications. Three concentrations of each
extract (12.5, 25 and 50 mg ml-1) were
pipetted (100 µl) into the wells of the
microtiter plates. For biofilm assessment,
bacteria were cultured at 37°C overnight and
re-suspended at an optical density at 600 nm
(OD600) of 0.2 in 1 ml of TSB. Afterwards
microtiter plates were incubated for 24 h at
37°C. In this experiment, three controls were
used in microplate including: 1) Extract
control: this well inoculated with NB
medium and extract 2) Negative control: this
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well inoculated with bacteria without any
extract 3) Media control: only NB pour into
this well (17).
The formation of biofilm was quantitated
by measuring the absorbance of crystal
violet stained biofilm at 630 nm and by total
viable counts (18). After incubation, the
media were aspirated and non-adherent cells
were removed by washing the wells three
times with sterile phosphate buffer saline
(PBS). Adherent microorganisms were fixed
by adding 150 µl of methanol 96% for 15
min. The microtiter plates were stained with
200 µl of crystal violet (1%) (Merck,
Germany) for 20 min, excess stain rinsed off
with running tap water. To measure the
absorbance of adherent cells, the crystal
violet was re-solubilized with 160 µl of
acetic acid glacial 33% (Merck, Germany)
and the absorbance was measured with a
microtiter plate reader (ELX-800, Biotek,
USA) at 630 nm. Percent prevention of
biofilm formation was calculated using the
ratio between the values of OD630 nm wells
with and without the extracts.
% inhibition = [(OD negative control-OD
media control)-(OD test-OD extract
control)] /(OD negative control-OD media
control) ×100
Disruption of established biofilm: Disruption
of established biofilm structures was
measured as described by Sandasi (2008)
with some modifications. 100 μl of the
standard bacterial culture (OD 600=0.2) was
transferred into sterile 96-well polystyrene
microtitre plates and incubated at 37°C for
24 h. After incubation, the medium was
aspirated and the planktonic cells were
removed by washing the biofilms three
times with sterile PBS. Thereafter, three
different concentrations (12.5-50 mg ml-1) of
H. officinalis extracts were added to each
well and plates were then placed back into
the 37°C for 24 h. The control wells were
the same as described in section 2.5. The
percentages of reduction biofilm structures
in the presence of different concentrations of
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extracts were calculated employing the
formula as described in section 2.5.
Assessment of biofilm metabolic activity: The
effect of the H. officinalis upon the
metabolic activity of pre-formed biofilm was
measured according to Ramage and LopezRibot (2005). Briefly, pre-formed biofilms
were washed twice with PBS, extracts (12.550 mg ml-1) were added to each well and
plates were incubated for 24 h at 37◦C.
Afterwards, 50 µl of a Triphenyl
Tetrazolium Chloride (TTC, Merck,
Germany) solution was added to each well
and allowed the reaction to occur in the dark
at 37◦C for 3 h. Final absorbance was read at
490 nm using microtiter plate reader. The
percentages of reduction of biofilm
metabolic activity in the presence of
different concentrations of extracts were
calculated by comparing the absorbance of
control bacteria and treated inoculation with
each extract (19).
Gas Chromatography–Mass Spectrometry
(GC/MS): The chemical compound of H.

officinalis were determined by GC-MS. The
chromatograph (Agilent 6890 UK) was
equipped with an HP-5MS capillary column
(30 × 0.25 mm ID × 0.25 mm film
thickness) and the data were taken under the
following conditions: initial temperature
50°C,
temperature
ramp
5°C/min,
240°C/min to 300°C (holding for 3 min),
and injector temperature at 290°C. The
carrier gas was helium and the split ratio
was 0.8 ml/min. For confirmation of
analysis results, essential oil was also
analyzed by GC/MS (Agilent 6890 gas
chromatograph equipped with an Agilent

5973 mass-selective detector; Agilent UK)
and the same capillary column and
analytical conditions as above. The MS was
run in electron ionization mode with
ionization energy of 70 eV (20).
Statistical
analysis:
Differences
for
individual parameters between control and
treated groups were tested by Duncan
analysis of variance (ANOVA) using SPSS
version 18.0. Differences were considered
significant if the P value was less than 0.05,
0.01 and 0.001. All experiments were
performed in triplicate and repeated three
times.
Results
The inhibitory effects of H. officinalis xtracts
against planktonic forms of bacteria: The zone

of inhibition (ZOI) for methanolic and
ethanolic extracts of H. officinalis were
shown in Table (1), also the MIC and MBC
of these extracts were illustrated in this
table. The big and small ZOI for methanolic
and ethanolic extracts related to S. aureus
and P. aeruginosa, respectively.
The inhibitory effects of H. officinalis
extracts in broth medium (MHB) were more
than solid medium (MHA). This result can
be expected because the concentration of
extract used in solid medium (paper disks)
were lower than broth medium (3.125-50
mg ml-1). Between all pathogenic bacteria,
A. baumannii show the greatest sensitivity to
H. officinalis extracts in broth medium
(MIC=3.125 mg ml-1). Among six
pathogenic bacteria studied in this study the
maximum MIC (25 mg ml-1) belonged to
K.pneumonia.

Table 1- The antimicrobial effect of H. officinalis against six planktonic bacteria and MIC/MBC values
Disk Diffusion

MIC

MBC

Bacteria

Methanolic
extract (mm)

Ethanolic extract
(mm)

Methanolic
extract (mg/ml)

Ethanolic
extract (mg/ml)

Methanolic
extract (mg/ml)

S. aureus
B. cereus
p. aeruginosa
A. baumannii
E. coli
K pneumoniae

20±0.8
12±0.4
8±0.7
13±0.5
12±0.2
12±0.9

18±0.3
10±0.6
7±0.2
8±0.1
15±0.3
13±0.2

0
0
12.5
3.125
0
25

6.25
6.25
12.5
12.5
25
25

50
12.5
25
25
6.25
0

Ethanolic
extract
(mg/ml)
25
25
50
25
50
50
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The inhibitory effects of H. officinalis extracts
against biofilm structures: The efficacy of

%), Between six pathogenic bacteria that
studied in this research K. pneumoniae had
the minimum sensitivity to inhibitory effect
of H. officinalis (Fig.1-b).
The effect of H. officinalis extracts on
inhibition of dehydrogenase enzyme of
pathogenic bacteria were illustrated in
Figure (2). As shown in this figure
metabolic activity of bacteria in biofilm
dramatically decreased, the maximum
reduction observed in P. aeruginosa
(OD=0.7) and minimum reduction were
recorded for K. pneumoniae (OD=2.1).

each concentrations of H. officinalis extract
to inhibit biofilm formation, demolished of
biofilm, and metabolic activity were shown
in Figures (1) and (2). The maximum
inhibitory effects of H. officinalis ethanolic
extract on biofilm formation were observed
on E. coli (95 %), although methanolic
extract had low efficiency to inhibit biofilm
formation of B. cereus (28.03%) (Fig1-a).
The eradication of bacterial biofilm
treated with different concentrations of H.
officinalis extracts were varied. The P.
aeruginosa biofilm was susceptible (95.4

% Biofilm formation inhibition

A

5

6.25 mg/ml ethanol extract

12.5 mg/ml ethanol extract

25 mg/ml ethanol extract

6.25 mg/ml methanol extract

12.5 mg/ml methanol extract

25 mg/ml methanol extract

100
90
80
70
60
50
40
30
20
10
0

S. aureus

B. cereus

A. baumannii

P. Aeruginosa

E. coli

K. Pneumoniae

Bacteria Pathogen

% Biofilm iradication

B

6.25 mg/ml ethanol extract

12.5 mg/ml ethanol extract

25 mg/ml ethanol extract

6.25 mg/ml methanol extract

12.5 mg/ml methanol extract

25 mg/ml methanol extract

100
90
80
70
60
50
40
30
20
10
0

S. aureus

B. cereus

A. baumannii

P. Aeruginosa

E. coli

K. Pneumoniae

Bacteria Pathogen

Fig. 1- The effect of H. officinalis extract against biofilm of pathogenic bacteria (a) inhibition of biofilm formation
(b) disruption of biofilm structures with different concentrations of H. officinalis extracts.
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A

control

6.25 ethanolic extract

12.5 ethanolic extract

25 ethanolic extract

Absorbance at 490 nm

2.5
2
1.5
1
0.5
0

S. aureus

B. cereus

A. baumannii

P. aeruginosa

E. coli

K. pneumonia

Bacteria Patoghen

B

control

6.25 methanolic extract

12.5 methanolic extract

25 methanolic extract

Absorbance at 490 nm

2.5
2
1.5
1
0.5
0

S. aureus

B. cereus

A. baumannii

P. Aeruginosa

E. coli

K. Pneumonia

Bacteria Patoghen

Fig. 2- The effect of H. officinalis extract on dehydrogenase enzyme activity of six pathogenic bacteria (a)
ethanolic extract (b) methanolic extract

According to ANOVA analysis, it was
confirmed that inhibitory efficiency of H.
officinalis extracts were significant at 0.05,
0.01 and 0.001 level (Table 2). As shown in
Table 2, the inhibitory effect of extracts on
formation, destruction and metabolic
activity of bacterial biofilm was significant
at 0.05, 0.01, and 0.01 percent levels,
respectively. The inhibition and destruction
of bacteria biofilm in treatment with extract
of H. officinalis was independent from
solvent used for extraction.

Chemical composition
extract: The chemical

of

H.

officinalis

mixture of H.
officinalis extract was determined by GCMS. The results were shown in Table (3)
and also the chromatographs were
presented in Figure (3). As shown in Table
(3), the main active compounds illustrated
in the extract of this plant was: Verbenone,
Pyrane, Phenol, Furan, and Cyclopropan.
All detected compounds in the extract of
this plant have aromatic ring. In other
hands, the phenolic compounds were
predominat in this medicinal plant.
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Table 2- The results of biofilm inhibition and destruction by extract of H. officinalis were statistically analyzed by
Duncan's test
DF
Sources Change

Biofilm
formatio
n
5
1
2

Bacteria
Extract
Concentration
Bacteria*Extrac
5
t
Extract*
2
Concentration
Bacteria*
10
Concentration
Total
25
DF: Degree of Freedom
MS: Min Square
Sig: Signification

MS

5
1
2

Inhibitio
n
enzyme
5
1
3

Biofilm
formatio
n
0.028
0.862
0.322

5

5

2

Sig

0.135
0.006
0.288

Inhibitio
n
enzyme
0.150
0.083
3.671

Biofilm
formatio
n
*
*
-

0.008

0.032

0.018

3

0.050

0.009

10

15

0.007

0.013

25

32

Destructio
n biofilm

Destructio
n biofilm

***
**

Inhibitio
n
enzyme
**
***

-

**

-

0.040

*

-

*

0.025

-

-

-

Destructio
n biofilm

Table 3- Chemical composition of H. officinalis extracts analysis by GC-MS
No.
1
2
3
4
5

Compounds
4H-Pyran-4-one, 2,3-dihydro-3,5-dihydroxy-6methyl
D-Verbenone
2-Furancarboxaldehyde, 5-(hydroxylmethyl)
Phenol, 2,6-dimethoxy
1H-Cycloprop[e]azulen-7-ol, decahydro-1,1,7trimethyl-4-methylene

Formula

RT

Area

%Total

C6H8O4

9.443

5.858e+4

0.266

C10H14O

10.495

2.001e+4

0.091

C6H6O3
C8H10O3

10.657
12.413

2.181e+5
6.317e+4

0.990
0.287

C15H24O

15.503

8.681e+4

0.103

Fig. 3- The GC-MS Chromatogram of H. officinalis extract. Five main compounds were detected in the GC-MS
analysis include (from left to right): Verbenone, Pyrane, Phenol, Furan and Cyclopropan
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Discussion and conclusion
Widespread use of antibiotics in the
recent years causes the emergence and
spread of drug-resistant bacteria resistant to
treatment of infections. One of the most
important reasons for antibiotic resistance
is the remaining of microbes in biofilm
structures. This structure prevents the
penetration of antimicrobial agents and also
inhibits the effective function of these
agents. So, acquiring new pathway to deal
with bacteria, especially in the biofilm
forms is necessary (21, 22). Research in
this field especially focused on biological
compounds, because the biological nature
of these materials reduced side effects in
comparison to conventional chemical
agents. Between biological derivatives, the
medicinal plant as options draw more
attention as a good way for dealing with
pathogenic bacteria (23, 24).
In this study, antimicrobial properties of
H. officinalis were investigated against six
pathogenic bacteria. Disk diffusion test
confirmed that H. officinalis extracts had
high ability to prevent the growth of
selected bacteria. As shown in Tables (1)
and (2) the methanolic extract better
inhibited planktonic forms of bacteria than
ethanolic extract, except that the effects of
ethanolic extract against E. coli and K.
pneumonia were better than methanolic
extract. In disk diffusion test, S. aureus was
the most sensitive bacterium, while the
inhibitory effect of this plant extracton
P.aeruginosa was weak.
Since the inhibitory effects of H.
officinalis on all tested bacteria in broth
medium (MHB) are higher than solid
medium (MHA), it can be concluded that
the active compounds of the extracts, like
many other herbal extracts, has lower
diffusion in Muller Hinton agar medium
and for display optimum inhibitory effects
in solid medium, it is necessary to use
higher concentration of extract than broth
medium.
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Khaled et al (2014) studied antioxidant
and antibacterial activities of Lamiaceae
family. Their results confirmed that these
extracts have antibacterial effect against E.
coli and S. aureus. However, E. coli was
more sensitive to the extracts than S. aureus
and the most effective extract was H.
officinalis (25).
Our results are in accordance with those
results reported by Khaled et al (2014).
This contradiction between these two
studies can be related to geographic areas
where these plants have been collected
(26).
The ability of H. officinalis ethanolic
extract in the inhibition of biofilm
formation was more than the demolish of
biofilm. These results revealed that the
components of H. officinalis extract had
better efficacy to inhibit biofilm formation
compared to biofilm destruction.
There was very low publication that
studied the antibiofilm activity of H.
officinalis. Elmasri et al (2014) assessed the
chemical composition and antibacterial
activity of H. officinalis. They isolated
sixteen compounds from methanolic extract
of the aerial parts of the plant. Antibacterial
activity of the crude extract as well as four
of the isolated metabolites were measured.
Also, they studied the antibiofilm activity
of these metabolit against S. aureus. Their
results confirmed that these metabolits from
H. officinalis dramatically inhibited S.
aureus biofilm formation. Our results in the
current research also confirmed methanolic
extract of H. officinalis had sufficient
inhibitory effect against biofilm formation
of S. aureus (%70). Thus, our results are in
accordance with the results reported by
Elmasri et al (2014) (27).
The chemical composition of H.
officinalis extract were determined in this
study. Similar to other medicinal plants, the
chemical constitute of this plant revealed
phenolic and aromatic metabolites. The
antibacterial activity of these metabolites
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were described in some publication in other
herbs. For example, Lin-fang et al (2013)
by GC-MS analysis of Picrasma vassioides
identified 46 compounds. The major
compounds in volatile oil are terpenoids,
hydroxyl compounds and other acyclic
alkane compounds (28).
Kamel and Sanidra (1994) analyzed the
volatile oil of two H. officinalis varieties.
They detected 93 compounds in the two
oils. Their results confirmed that the major
part of the extract was sesqui terpenoids. In
our chemical analysis, we reach these
metabolits and our results are in accordance
with the mentioned study (29-31).
In
this
current
research,
the
antimicrobial and antibiofilm activity of H.
officinalis extracts were confirmed. The
extracts of this plant can be used for
treatment of some bacterial infections
especially against bacteria that acquired
resitance to conventional antibiotics.
The results of current study confirmed
antibacterial and anti-biofilm activity of H.
officinalis. It can be concluded that the
extract of this plant has potential to design
new antimicrobial agent against pathogenic
bacteria that are resistance to conventional
antibiotics.
Acknowldgments
This research was supported financially
by Research and Technology Institute of
Plant Production (RTIPP), Shahid Bahonar
University of Kerman, Kerman, Iran.
References
(1)

Harbottle H., Thakur S, Zhao S., White
DG. Genetics of antimicrobial resistance.
Animal biotechnology. 2006; 17 (2): 111-24.
DOI:10.1080/10495390600957092.
[PubMed:17127523].

(2)

Donlan RM. Biofilms: microbial life on
surfaces. Emerging infectious diseases.
2002;
8
(9):
881-90.
DOI:10.3201/eid0809.020063.
[PubMed:12194761].

9

(3)

Moons P., Michiels CW., Aertsen A.
Bacterial interactions in biofilms. Critical
reviewsin microbiology 2009; 35 (3): 15768. DOI: 10.1080/10408410902809431.
[PubMed:19624252].

(4)

Fux CA., Stoodley P., Hall-Stoodley L.,
Costerton JW. Bacterial biofilms: a
diagnostic and therapeutic challenge. Expert
review of anti-infective therapy 2003; 1 (4):
667-83.[PubMed:15482163].

(5)

Lewis K. Riddle of Biofilm Resistance.
Antimicrobial agents and chemotherapy
2001;
45
(4):
999-1007.
DOI:
10.1128/AAC.45.4.999-1007.2001.
[PubMed:11257008].

(6)

Kumar CG., Anand SK. Significance of
microbial biofilms in food industry: a
review. International journal of food
microbiology 1998; 42 (1-2): 9-27.
[PubMed:9706794].
(7) Flemming HC. Biofouling in water
systems--cases, causes and countermeasures.
Appliedmicrobiology and biotechnology
2002; 59 (6): 629-40. DOI: 10.1007/s00253002-1066-9. [PubMed:12226718].
(8)

Grayer RJ., Harborne JB. A survey of
antifungal compounds from higher plants,
1982–1993. Phytochemistry 1994; 37 (1):
19-42.
https://doi.org/10.1016/00319422(94)85005-4.
(9) Khoshnood-Mansoorkhani MJ., Moein
MR., Oveisi N. Anticonvulsant activity of
Teucrium polium against seizure induced by
PTZ and MES in mice. Iranian Journal of
Pharmaceutical Research: IJPR 2010; 9 (4):
395-401. PMCID: PMC3870063.
(10) Azizi H., Keshavarzi M. Ethnobotanical
study of medicinal plants of Sardasht ,
western Azerbaijan, Iran. Journal of Herbal
Drugs (An International Journal on
Medicinal Herbs) 2015; 6 (2): 113-9.
www.jhd.iaushk.ac.ir.
(11) Ardestani A., Yazdanparast R. Inhibitory
effects of ethyl acetate extract of Teucrium
polium on in vitro protein glycoxidation.
Food and chemical toxicology : an
international journal published for the
British Industrial Biological Research
Association 2007; 45 (12): 2402-11.

Biological Journal of Microorganism, 5th Year, Vol. 5, No. 20, Winter 2017

10

DOI:10.1016/j.fct.2007.06.020.
17673348].

[PubMed:

(12) Wikler MA LD., Cockerill FR., Sheehan
DJ., Craig WA., Tenover FC., et al.
Methods
for
dilution
antimicrobial
susceptibility tests for bacteria that grow
aerobically; approved standard—seventh
edition 2006; 26. ISBN 1-56238-7839.
(13) Rani SS SNU. Antimicrobial activity of
Black Pepper (Piper nigrum L.). Global
Journal of Pharmacology 2013; 7 (1): 8790. DOI: 10.5829/idosi.gjp.2013.7.1.1104.
(14) Cabrera C., Artacho R., Gimenez R.
Beneficial effects of green tea--a review.
Journal of the American College of
Nutrition
2006;
25
(2):
7999.[PubMed:16582024].
(15) Dogan Y., Baslar S., Ayden H., Mert
H.H. A study of the soil-plant interactions of
Pistacia lentiscus L. distributed in the
western Anatolian part of Turkey. Acta
Botanica Croatica 2003; 62 (2): 7388.http://hrcak.srce.hr/3544.
(16) Motamedi H., Darabpour E., Gholipour
M., Seyyed Nejad SM. In vitro assay for the
anti-Brucella activity of medicinal plants
against
tetracycline-resistant
Brucella
melitensis. Journal of Zhejiang University
Science B. 2010; 11 (7): 506-11. DOI:
10.1631/jzus.B0900365.
[PubMed:
20593515].
(17) O'Toole GA., Kolter R. Flagellar and
twitching motility are necessary for
Pseudomonas
aeruginosa
biofilm
development. Molecular Microbiology
1998; 30 (2): 295-304. [PubMed:9791175].
(18) Jabra-Rizk MA., Meiller TF., James CE.,
Shirtliff ME. Effect of farnesol on
Staphylococcus aureus biofilm formation
and
antimicrobial
susceptibility.
Antimicrobial agents and chemotherapy
2006;
50
(4):
1463-9.
DOI:
10.1128/AAC.50.4.1463-1469.2006.
(19) Ramage G., Lopez-Ribot JL. Techniques
for antifungal susceptibility testing of
Candida albicans biofilms. Methods in
molecular medicine 2005; 118: 71-9.
DOI:10.1385/1-59259-943-5:071.
[PubMed:15888936].

(20) Mahmoudi R., Tajik H., Ehsani ALI.,
Farshid AA., Zare P., Hadian M. Effects of
Mentha longifolia L. essential oil on
viability and cellular ultrastructure of
Lactobacillus casei during ripening of
probiotic Feta cheese. International Journal
of Dairy Technology 2013; 66 (1): 77-82.
DOI: 10.1111/j.1471-0307.2012.00867.x.
(21) Potera C. Forging a link between
biofilms and disease. Science (New York,
NY). 1999; 283 (5409): 1837-9. [PubMed:
10206887].
(22) Cowan MM. Plant products as
antimicrobial agents. Clinical microbiology
reviews
1999;
12
(4):
564-82.
[PubMed:10515903].
(23) Hayacibara MF., Koo H., Rosalen PL.,
Duarte S., Franco EM., Bowen WH., et al.
In vitro and in vivo effects of isolated
fractions of Brazilian propolis on caries
development.
Journal
of
ethnopharmacology 2005; 101 (1-3): 110-5.
DOI:
10.1016/j.jep.2005.04.001.
[PubMed:15913934].
(24) Abubakar EMM. Antibacterial activity of
crude extracts of Euphorbia hirta against
some bacteria associated with enteric
infections. Journal of Medicinal Plants
Research
2009;
3
(7):
498-505.
http://www.academicjournals.org/JMPR.
(25) Khaled-Khodja
N.,
BoulekbacheMakhlouf L., Madani K. Phytochemical
screening of antioxidant and antibacterial
activities of methanolic extracts of some
Lamiaceae. Industrial Crops and Products
2014;
61:
41-8.
https://doi.org/10.1016/j.indcrop.2014.06.03
7.
(26) Elmasri WA., Hegazy ME., Aziz M.,
Koksal E., Amor W., Mechref Y., et al.
Biofilm blocking sesquiterpenes from
Teucrium polium. Phytochemistry 2014;
103:
107-13.
DOI:10.1016/j.phytochem.2014.03.029.
[PubMed:24735824].
(27) Huang L-f., Wang Z-h., Chen S-l. GCMS Analysis on volatile oil from branches
of Picrasma quassioides. Chinese Herbal
Medicines
2013;
5
(1):
73-6.

Antimicrobial properties of Hyssopus officinalis extract against antibiotic-resistant bacteria in planktonic and biofilm…

https://doi.org/10.7501/j.issn.16746384.2013.01.010.
(28) Kamel
A.,
Sandra
P.
Gas
chromatography—mass
spectrometry
analysis of the volatile oils of two Teucrium
polium varieties. Biochemical Systematics
and Ecology 1994; 22 (5): 529-32. DOI:
10.1016/0305-1978(94)90047-7.
(29) Mohsenipour, Z, Hassanshahian, M.
Antibacterial Activity of Euphorbia
hebecarpa Alcoholic Extracts Against Six
Human Pathogenic Bacteria in Planktonic
and Biofilm Forms. Jundishapur Journal of
Microbiology 2016. 9(6):e34701.
(30) Mohsenipour Z., Hassanshahian M.
Inhibitory effects of Tamarix hispida
extracts on planktonic form and biofilm
formation of six pathogenic bacteria.
Biological Journal of Microorganism 2015;
4 (13): 1-6.
(31) Mphsenipour Z., Hassanshahian M.
Antibacterial activity of Espand (Peganum
harmala) alcoholic extracts against six
pathogenic bacteria in planktonic and
biofilm forms. Biological Journal of
Microorganism 2016; 4 (16): 110-121.

11

