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Abstract
Background: Antibiotic resistance among biofilm-producing pathogenic bacteria is a major health concern today. Plants, as a rich
source of medicinal compounds, are interestingly explored for discovering new antibiotics.
Objectives: In this study, the effect of Dracocephalum polychaetum Bornm extract on the growth, biofilm formation, and expression
of biofilm-related genes in methicillin-resistant Staphylococcus aureus (MRSA) was explored.
Methods: Antimicrobial activity of D. polychaetum aerial part extract in MRSA samples was evaluated by agar well diffusion method.
Minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) of the extract were determined according to the CLSI manual. Inhibition of biofilm formation was analyzed by microtitre plate method. Expression of icaA, icaD, bap, sar,
and agr genes was studied by Reverse transcriptase quantitative polymerase chain reaction (RT-qPCR) technique.
Results: The antimicrobial effect of the extract against 20 MRSA strains was appropriate. The MIC and MBC of the extract were in the
range of 0.781 - 25 mg mL-1 and 1.56 - 50 mg mL-1 , respectively. Biofilm formation was inhibited in all of the isolated MRSA strains in
sub-MIC concentrations. PCR results demonstrated that half of the samples had both icaA and icaD genes, about 1/3 had icaA gene,
and 1/6 had merely icaD gene. RT-qPCR data showed that the expression of sar, bap, icaD and icaA genes was significantly reduced by
the extract.
Conclusions: Collectively, the results demonstrated that D. polychaetum not only had anti-staphylococcus effects against MRSA but
also suppressed biofilm formation both at phenotype and gene expression levels. Its effects are comparable to the effect of other
Dracocephalum sp. Further in vivo studies can reveal the potential application of this plant against MRSA strains.
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1. Background
Staphylococcus aureus is a major source of nosocomial infections and mortality. Overcoming methicillinresistant S. aureus (MRSA) infections is an obstacle due to
the resistance to beta-lactam antibiotics (1). The virulence
of S. aureus strains is due to their adherence and invasion,
which is associated with biofilm formation. Biofilm is a
barrier to diffusion of some antibiotics (2).
Polysaccharide intercellular adhesin (PIA) encoded by
icaADBC operon and biofilm-associated protein (Bap) are
major components of S. aureus PIA-dependent biofilm. The
collaboration between ica operon genes leads to the expression of capsule polysaccharide phenotype. The expression of ica locus is tightly regulated and affected by genetic
and environmental conditions. SarA is a positive regulator of the operon while icaR suppress it. Surface protein
bap promotes cell adhesion and enables biofilm formation

even in the absence of PIA. Bap is crucial for the attachment and biofilm accumulation. The accessory gene regulator (agr) system is involved in the switch from the synthesis of cell surface proteins during the exponential growth
phase to the synthesis of toxins and degradative proteins
in the stationary phase. The expression of agr can repress
the capacity of S. aureus to form biofilm (3). The regulation
and interaction between different factors involved in S. aureus biofilm is intricate and not fully identified. Recently,
molecular techniques, such as PCR, are employed for verifying the presence and analyzing the expression of biofilmrelated genes in S. aureus (4, 5).
Medicinal plants are widely being utilized for centuries
in Iran. Nowadays, plant extracts are used to kill pathogens
including S. aureus and their anti-bacterial effects on S.
aureus have been demonstrated (6). Dracocephalum polychaetum Bornm (family Lamiaceae) is a native and exclusive species to Kerman province of Iran. This plant is used
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in traditional medicine in Kerman as a food additive and
for stomachache.

2. Objectives
There is no published study on the antimicrobial effects of D. polychaetum. Thus, we explored the antimicrobial and anti-biofilm effects of MIC and MBC of D. polychaetum extract on the growth and biofilm formation of
MRSA.

3.3.2. Assessing MIC and MBC of the Plant Extract by Macrodilution Method
Ten dilutions of the extract (0.05 - 50 mg mL-1 ) were
prepared by serial dilution, added to the microbial suspension containing 107 CFU/mL in Muller-Hinton broth
medium, and incubated at 37°C for 24 hours. Then, the
minimum concentration of the extract that inhibited bacterial growth was selected for the next steps. This concentration was added to the bacterial medium and incubated
at 37°C for 24 hours. If no growth was observed, it was considered as MBC, and if any growth was observed, it was considered as MIC.

3. Methods
3.1. Sampling and Extraction
The aerial parts of D. polychaetum were collected in
spring from Laleh zaar area at N 29.49 E 56.81 (Kerman, Iran) and were confirmed by a herbarium specialist
(voucher No 1059). The samples were dried in dark and 100
g were milled and extracted by maceration method. The
dried extracts were stored at -20°C freezer.
3.2. Collection and Identification of Methicillin-Resistant S. aureus
S. aureus samples were collected from 30 abscesses and
wounds from patients hospitalized in Shafa hospital of
Kerman, Iran. The samples were cultured on Blood agar
medium (Merck) at 37°C for 24 hours. Gram staining followed by biochemical tests for catalase, coagulase, oxidase,
and mannitol fermentation was done for identification of
S. aureus. Oxacillin disk-diffusion (one µg) assay was used
for identification of resistant strains. The diameter of the
corona of growth prevention was determined according to
the clinical and laboratory standards institute (CLSI) standard (7). MIC of oxacillin was determined according to the
Felten method. The samples were frozen and stored at 80°C freezer.
3.3. Evaluating Antimicrobial Property
3.3.1. Agar Well Diffusion Assay
The S. aureus strains were inoculated by spreading over
Muller-Hinton agar plate surface, which contained a hole
with a diameter of 6 mm. Then, 50 µL extract solutions (50
mg mL-1 ) were introduced into the wells and plates were incubated at 37°C for 24 hours. Subsequently, the diameters
of inhibition growth zones (mm) were measured. S. aureus
ATCC 6538 (PTCC, IROST, Tehran, IRAN) was used as standard strain. Sulfamethoxazole/Trimethoprim as a positive
control antibiotic and DMSO as a negative control were applied.
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3.4. Assessing Biofilm Inhibition by the Extract by Microtitre
Plate Method
Bacterial samples were cultured in Tryptic soy broth
(TSB) medium until turbidity growth equal to 0.5 McFarland standard. In each well, a 1:1 ratio of the microbial
suspension and extract (0.05 - 50 mg mL-1 ) was added and
incubated at 37°C for 24 hours without shaking. Subsequently, the wells were evacuated, the biofilm structures
were fixed by ethanol, stained with 2% crystal violet, and
the absorbance of the wells was measured at 492 nm using
Biotek ELISA reader. The percentage of biofilm inhibition
was calculated by the following formula:


Inhibition percent =


(C − B) − (T − B)
× 100
(C − B)

(1)

In this formula, C is the mean absorbance of control
wells, B is the mean absorbance of blank wells, and T is the
mean absorbance of treated wells. In the negative control
well, just medium was added and in the positive control
well, medium and bacteria (without extract) were added.
3.5. DNA Extraction and PCR
To verify the presence of icaA and icaD genes, DNA was
extracted from 2 mL of 24 hours cultured S. aureus strains
by lysozyme digestion method. PCR was done on 1 µL template DNA, with 200 µM dNTPs, 400 nM forward and reverse primers of icaA and icaD genes (Table 1) and 1 U Taq
DNA Polymerase in 25 µL volume reaction.
The amplification cycles were carried out in a thermal
cycler machine (Mastercycler; Eppendorf). The reaction
condition was 94°C for 4 minutes as initial denaturation,
followed by 35 cycles of 94°C for 60 seconds, annealing for
60 seconds, and 72°C for 60 seconds. A final extension step
at 72°C was enforced for 10 minutes. The PCR products were
visualized by EtBr on 1% agarose gel electrophoresis.
Avicenna J Clin Microb Infec. 2018; 5(1):e61772.
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Table 1. The Sequence of Primers and PCR Product Length
Genes
icaA
icaD
bap
sar
agr
16 SrRNA

Primer Sequence PCR 5’ to 3’

Annealing Temperature (°C)

Product Size (bp)

49

1315

49

381

62

971

55

867

60

463

60

1400

CCTAACTAACGAAAGGTAG
AAGATATAGCGATAAGTGC
AAACGTAAGAGAGGTGG
GGCAATATGATCAAGATAC
CCCTATATCGAAGGTGTAGAATTG
GCTGTTGAAGTTAATACTGTACCTGC
CGGTACCGTTGATTTGGGTAGTATGC
TTGCCATGGTTAAAACCTCCC
GTAGAGCCGTATTGATTCC
GTATTTCATCTCTTTAAGG
AGAGTTTGATCCTGGCTCAG
GACGGGCGGTGTGTACAA

3.6. RT-qPCR

3.7. Statistical Analysis

3.6.1. RNA Extraction Following Treatment with D. Polychaetum
Extract

The obtained data were analyzed by one-way ANOVA
and Duncan’s test (SPSS software V. 16). The P value less than
0.05 was considered statistically significant. All tests were
repeated at least three times.

106 CFU/mL of S. aureus were inoculated on TSB
medium containing sub-MIC concentration (0.4 mg mL-1 )
of the extract and incubated at 37°C for 12 hours. Subsequently, the medium was centrifuged at 10,000 × g for
20 minutes. RNA was extracted from the pellet by NucleoSpin®RNAII (MACHEREY-NAGEL; Germany) according to
the manufacturer’s company. The same bacterial sample
without treatment was served as control.
3.6.2. cDNA synthesis
cDNA was synthesized by Viva 2-steps RT-PCR Kit (Vivantis, Malaysia) on five µg from total RNA with one µL random hexamer, according to the manufacturer’s company.
Two negative controls, without template and without MMuLV RT, were also employed in every cDNA synthesis run.
3.6.3. qPCR
Real-time RT-qPCR was accomplished using 10 µL 2X
qPCR GreenMaster (Jena Bioscience GmbH, Germany), 2 µL
cDNA, and 150 nM of each primer (Table 1) in a 20-µL final
volume reaction on Rotor-Gene 3000 (Corbett research,
Australia). Temperature conditions were as follows: 95°C
for 30 seconds, 45 cycles of 95°C for 15 seconds, and 66°C for
40 seconds. Melting analysis was induced as 72 - 99°C ramp
with one-degree increments every 5 seconds. The data were
gathered on FAM/SYBR channel, exported to an Excel worksheet, and analyzed with LinRegPCR (v 2015) program (8).
The initial concentration of every sample was normalized
against 16 S reference gene concentration to obtain the expression value. Untreated S. aureus cDNA template was selected as calibrator and each experiment was biologically
and technically repeated at least 3 times.
Avicenna J Clin Microb Infec. 2018; 5(1):e61772.

4. Results
4.1. Identification of Methicillin-Resistant S. aureus
To identify the isolated clinical samples, agar diskdiffusion assay was applied. According to the results of
the MIC on 20 isolates, the diameter of inhibition growth
zones due to oxacillin was < 13 mm. The MIC of oxacillin on
these samples was also > 2 mg mL-1 (data not shown). Accordingly, these strains were considered as MRSA and employed for the next experiments.
4.2. Antimicrobial Activity of D. polychaetum Extract
As the results of agar well diffusion assay on 20 bacterial samples showed, the plant extract had adequate antistaphylococcus property (Figure 1). The diameter of inhibition growth zones was ≤ 10mm in 40% of the samples, 11 - 15
mm in 35% of the samples, and more than 15 mm in 25% of
the samples. The most and least antimicrobial activity was
observed in S8 (19 ± 0.5 mm) and S5 (8 ± 1 mm) isolates,
respectively.
4.3. Determination of MIC and MBC of D. polychaetum
The survey of antimicrobial activity of D. polychaetum
(in the range of 0.05 - 50 mg mL-1 ) demonstrated that the
extract had both inhibitory and bactericidal effects (Table
2). The inhibitory and lethal effects in different strains
were in the range of 0.781 - 25 mg mL-1 and 1.56 - 50 mg mL-1 ,
respectively.
3
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Figure 1. Antimicrobial Activity of D. polychaetum Extracts Against S. aureus Isolates as Calculated by Well Diffusion Method

The data are presented as the mean of inhibition zone diameter ± SD. The inhibitory effect of the extract on the growth of all isolates (except S11, S13, S18, and S20 isolates) was
significantly stronger than the effect of the positive control drug (SXT) (P < 0.05). The S9 and S17 isolates were completely resistant to SXT, so their value is zero.

4.4. Determination of Anti-Biofilm Effect of D. polychaetum
According to our findings, biofilm formation was inhibited in all of the isolated MRSA strains in sub-MIC
concentrations (Table 2). To evaluate biofilm inhibition,
strains with the diameter of inhibition growth zone ≥ 15
mm were selected. Biofilm formation was strongly inhibited in all strains at 1.56 and 3.125 mg mL-1 concentrations.
The most sensitive isolates were S3, S8, and S18 (Figure 2).
4.5. Evaluation of the Presence of icaA and icaD Genes
The presence of icaA and icaD genes in those strains
whose diameter of inhibition growth zone was ≥ 15 mm
was explored. The results revealed that 50% of the samples
had both icaA and icaD genes (e.g. S8, S10 and S18), about
33% had icaA gene, and about 17% had icaD gene only. According to the results, the S8 strain was selected for analyzing the expression of genes following treatment with the
extract.
4.6. Exploring the Expression of Genes Involved in Biofilm Formation
The expression of the five genes agr, sar, bap, icaD, and
icaA in the S8 strain was quantified by RT-qPCR. As the data
in Figure 3 show, the D. polychaetum extract significantly reduced the expression of icaD, icaA, bap, and sar in comparison with the control group (P < 0.05). However, the expression of agr did not show any significant variation.
4

5. Discussion
Our results demonstrated that the D. polychaetum extract has anti-MRSA property (Figure 1). Evaluating the MIC
and MBC of the extract revealed its inhibitory and lethal effects on MRSA (Table 2). Meanwhile, surveying anti-biofilm
property of the extract showed that it inhibited biofilm in
MRSA at sub-MIC concentrations (0.1 - 3.125 mg mL-1 ). If the
MIC of a plant extract is in the range of 8 - 64 mg/L, it’s activity is considered moderate to weak and if it is between
64 and > 256 mg/L, its activity is very weak (9). Therefore,
the observed antibacterial activity of D. polychaetum is considered strong and significant in comparison with other
species of Dracocephalum genus.
Lee et al. reported that essential oil of D. foetidum had
an antimicrobial activity against most studied pathogenic
bacteria (MIC = 26 - 2592 µg mL-1 ) (10). Likewise, Kamali et al.
also showed that different extracts of D. kotschyi had moderate antimicrobial effects (MIC = 0.781 - 12.5 mg mL-1 ) (11).
Asghari et al. reported that D. kotschyi extract had an adequate antimycobacterial activity (12). Moreover, in another
study, the antimicrobial activity of essential oils of D. polychaetum and D. surmandinum was reported (13).
The main component of the essential oil of D. polychaetum is monoterpenes (70% perillaldehyde and 17%
limonene). In addition, there are two flavonoids apigenin
and luteolin in the methanolic extract of aerial part of D.
polychaetum (14). Both monoterpenes and flavonoids have
Avicenna J Clin Microb Infec. 2018; 5(1):e61772.
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Table 2. MIC, MBC, and Anti-Biofilm Activity of the D. polychaetum Extract Against MRSA Strains

Bacteria

S1

D. polychaetum Extract (mg/mL)
MIC

MBC

Anti-Biofilm

12.5

25

3.125

S2

12.5

25

3.125

S3

1.56

3.125

0.39

S4

25

50

3.125

S5

12.5

25

3.125

S6

3.125

6.25

1.56

S7

12.5

25

3.125

S8

0.781

1.56

0.1

S9

12.5

25

1.56

S10

3.125

6.25

0.78

S11

12.5

50

3.125

S12

3.125

6.25

0.2

S13

3.125

6.25

0.39

S14

1.56

3.125

0.39

S15

3.125

6.25

0.78

S16

3.125

6.25

0.2

S17

6.25

12.5

0.2

S18

0.781

1.56

0.2

S19

12.5

25

3.125

S20

12.5

25

3.125

S. aureus ATCC 6538

3.125

6.25

1.56

antimicrobial activities against some pathogenic bacteria
including S. aureus (15, 16). Hence, we can attribute the
observed antimicrobial properties of D. polychaetum to ingredients such as these monoterpenes or flavonoids. However, verifying this conclusion needs further chemical and
biological analyses.
The results of gene expression analysis demonstrated
that D. polychaetum extract reduced the expression of all
study genes significantly, except agr (Figure 3). The icaA
and icaD genes have important roles in biofilm formation
and exopolysaccharide synthesis. Therefore, the drop-off
in their expression indicates a reduction in biofilm formation. The observed antibiofilm property of the extract supports a decrease in the expression of icaA and icaD genes. In
a recently published article, icaA and icaD were downregulated following treatment of S. aureus with gallic acid. The
polysaccharide slime formation also reduced (17).
Sar is an essential protein for biofilm development and
its expression is reduced under extract treatment (2). A
decrease in the sar expression leads to a decrease in ica
Avicenna J Clin Microb Infec. 2018; 5(1):e61772.

operon expression and subsequently biofilm production.
Our finding is consistent with the role of sar in biofilm
formation. Bap whose expression was reduced by D. polychaetum extract has a role in PIA independent biofilm formation. In a study, the bap gene was not detected in approximately 70% of human and bovine S. aureus isolates despite the production of biofilm (18). The reduction of bap
expression by the extract highlights the strong role of D.
polychaetum in suppressing S. aureus infection and biofilm
formation through diverse mechanisms. As the D. polychaetum extract had no effect on the expression of agr, it
seems that its effect on biofilm can be via other pathways.

5.1. Conclusion
Collectively, our data indicated that D. polychaetum
extract not only exerted antibacterial property against
MRAS but also inhibited biofilm formation and decreased
biofilm-related genes. Its effective components and its activity in vivo need to be revealed.
5
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Figure 2. Biofilm Inhibition by D. polychaetum Extract on Strains S3, S6, S8, S10, S15, and S18 Samples in the Range of 0.05 - 3.125 mg/mL

S3
S6
100

S8

% Inhbition of Biofilm Formation

S10
80

S15
S18

60

40

20

0
0

50

100

200

390

780

1560

3125

Herbal Extract Concentration, µg/mL
The data show that biofilm formation was inhibited in a dose-dependent manner; so, biofilm formation was completely inhibited at concentrations > 780 µg/mL in all strains
(P < 0.05). The S8 and S6 were the most sensitive and most resistant strains respectively. In the negative control group, no extract was applied and biofilm formation was not
inhibited.

Figure 3. The Effect of D. polychaetum Extract on the Expression of icaD, icaA, agr, bap
and sar Genes in the S8 Strain as Quantified by RT-qPCR

Expression of genes in S.aureus treated with D.polychaetum extract

1.2

Relative Expression

1.040936898

1
0.8

0.588014714 0.569997815

0.539249866

0.6

0.281791687

0.4
0.2
0

arg

bag

ica A

ica D

sar

As the data show, the expression of icaD, icaA, bap and sar genes dropped off significantly (P < 0.05). However, the expression of agr has no significant changes.
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