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NOTE

Inhibition of quorum sensing in Pseudomonas aeruginosa by two 
herbal essential oils from Apiaceae family

Ferula (Ferula asafoetida L.) and Dorema (Dorema aucheri 
Bioss.) both from Apiaceae family were tested for their anti- 
quorum sensing (QS) activity against Pseudomonas aerugi-
nosa. Both essential oils exhibited anti-QS activity at 25 μg/ml 
of concenteration. At this concenteration Ferula fully aboli-
shed and Dorema reduced the violacein production by C. 
violaceum. Pyocyanin, pyoverdine, elastase and biofilm pro-
duction were decreased in Ferula oil treatments. Dorema 
oil reduced pyoverdine and elastase production, while pyo-
cyanin and biofilm production were not affacted. Expresion 
analysis of QS-dependent genes confirmed our phenotypic 
data. Our data introduced native Dorema and Ferula plants 
as novel QS and virulence inhibitors.

Keywords: quorum sensing, N-acyl-homoserine lactones, 
Pseudomonas aeruginosa, Dorema aucheri, Ferula assafoeti-
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  Ferula [Ferula asafoetida L. (Apiaceae)] is an herbaceous 
plant with a wide distribution in arid climates including 
Iran, Afghanistan and India. This plant is widely used to alle-
viate bacterial infections in western part of Iran. Dorema 
[Dorema aucheri Boiss. (Apiaceae)] is a large umbelliferous 
herb that is also growing in western mountains of Iran and 
in Persian called kandale koohi. Medicinally, the roots of 
D. aucheri have been used to treat microbial infections. 
This species is the first umbelliferous plant found to pro-
duce flavonoids which well known as antimicrobial agents 
(Wollenweber, 1988; Cushnie and Lamb, 2005). Due to their 
use in treatment of microbial infections, it is possible that 
these plants might be possess anti-quorum sensing (QS) 
properties.

  Pseudomonas aeruginosa is an opportunistic pathogen in 
diverse hosts including plants, mammals, insects, and ne-
matodes (Govan and Deretic, 1996; Tan et al., 1999; Jander 
et al., 2000). Three main QS systems in P. aeruginosa are 
las, rhl, and pqs systems which influence around 6% of all 
the genes in the complete genome sequenced P. aeruginosa 
(Stover et al., 2000; Hentzer et al., 2003; Bredenbruch et al., 
2006; Diggle et al., 2007). Most of these genes provide bac-
terial population with distinctive density-dependent beha-
viors such as exopolysaccharide synthesis, biofilm forma-
tion, swarming motility, pigment, and antibiotic production 
(Schonewille et al., 2012). Owing to the importance of QS 
during bacterial pathogenesis, interfering with this mecha-
nism is being considered as a rational strategy to attenuate 
their virulence (Adonizio et al., 2006; Tarighi and Taheri, 
2011). Likewise the strategy to treat bacterial diseases with 
antibiotics is nowadays seriously threatened by the spread 
of drug-tolerant strains, which cause persistent infections, 
often involving the formation of highly resistant biofilms. 
The production of biofilm and other pathologically signi-
ficant virulence factors were strictly interrelated with the 
expression of the QS alarm one, therefore the discovery of 
anti-pathogenic drugs that are capable of interfering with the 
bacterial communication system, without inducing lethal 
effects can disrupt the pathogenicity process (Ghysels et al., 
2004; Otto, 2004). QS inhibitory compounds, unlike con-
ventional antibiotics, do not kill or inhibit microbial growth 
and are less likely to impose a selective pressure for the de-
velopment of drug resistant bacteria (Hong et al., 2012). 
Although different plant metabolites have been identified 
to treat microbial infections (Shahid et al., 2009), but their 
mode of action is not clearly understood (Bjarnsholt et al., 
2005; Khan et al., 2009; Szabó et al., 2010). This article reports 
the anti-quorum sensing activity of the two essential oils from 
Apiaceae family on which there are no previous studies.
  The P. aeruginosa PAO1 (ATTC 15692) was grown at 37°C 
in Luria-Bertani (LB) broth or on LB agar plates, iron poor 
casamino acids (CAA) medium (Difco Laboratories) or Pseu-
domonas agar medium (Difco Laboratories). For every ex-
periment 25 μg/ml of each essential oil were added to suit-
able media.
  The air-dried foliar parts of plant (250 g) were subjected 
to hydro-distillation for 3 h using a clevenger apparatus, 
according to the method recommended by the European 
Pharmacopoeia. The essential oil was dried over anhydrous 
Na2SO4 and preserved in a sealed vial at 4°C until further 
analysis (Aminifard and Mohammadi, 2013).
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Fig. 1. Growth of P. aeruginosa in LB broth media with Ferula oil 
(triangle), Dorema oil (lozenge), and without oils (black circle). The data 
represent the mean values of experiments performed in triplicate. Y axis, 
indicate logarithm of cell density based on absorbance measurement at 
600 nm. X axis, shows the times (h) of absorbance measurement.

Table 1. List of primers used in this study
 Sequence (5΄→3΄) Primers

GCTCTCTGAATCGCTGGAA rhlI-F
GCGATCACGCCCTTGCGAA rhlI-R
GTGCGGCGCGAAGAGTTCGAT lasI-F
GTGGCGCTCGATGCCGATCTT lasI-R
GTGCGACCTTCACCTGTCCGT antA-F
GTGCGCTGAAGAGCACGCTGT antA-R
GTGCGTTGAACGACTCGCCTT pqsA-F
GTGGCCGAGGCTCCGCTGAA pqsA-R
ATGGAAATGCTGACCTTAGG oprL-F
TGAGCCCAGGACTGCTCGT oprL-R

(A)

(B)

Fig. 2. (A) Influence of Ferula and Dorema oils on pyocyanin, pyoverdine 
and elastase production. Samples for each assay were taken when cells had 
reached to the stationary phase. Measurments are based on the changes 
in optical density as mentioned in Methods. All of the experiments were 
repeated at least three times with similar results. Black, gray and white 
bars indicates pyocyanin, pyoverdin and elastase production. Y axis shows
the optical density (OD) at 520 nm for pyocyanin, 405 nm for pyoverdin, 
and 495 nm for elastase measurements. Results presented are from three 
experiments that consisted of 3 replicates per treatment. Vertical bars 
represent the standard error of the mean (P ≤ 0.05). (B) Biofilm produc-
tion were qunatified as the measurment of crystal violet at OD650nm.

  Pyocyanin was visualized by growing the bacteria in LB 
medium or on P-agar for 48 h. Pyocyanin and elastase pro-
duction were measured as described previously (Rust et al., 
1994; Mavrodi et al., 2001). For the detection of pyoverdine, 
strains were grown in liquid CAA medium and the absorp-
tion of the filter sterilized supernatants were measured at 
405 nm (Wei et al., 2011). All experiments were done in 
triplicate.
  Rapid detection of N-acyl homoserine lactones (AHL)s in 
filter sterilized (0.2-μm-pore-size filters) culture supernatants 
was done by AHL reporter plate bioassays using Chromo-
bacterium violaceum CV026 (McClean et al., 1997).
  Total RNA was isolated by using the RNeasy kit from 
QIAGEN. Reverse transcription was performed using 1 μg 
of total RNA and the first-strand cDNA synthesis kit from 
GE Healthcare as indicated by the manufacturer. A 100 ng 
of first-strand cDNA in a total volume of 25 μl were used 
to assess the effect of oils on expression of the selected target 

genes (Table 1). PCR reactions contained 100 nmol of each 
primer and the PCR master mix. After heating samples to 
95°C for 30 min, 25 cycles were performed, consisting of 
95°C for 1 min, 54°C for 45 sec and 72°C for 50 sec. The 
primers oprL-F and oprL-R were used for normalization 
controls (Tarighi et al., 2008).
  When different native plant essential oils were screened for 
their inhibition activity on P. aeruginosa elastase production, 
two oils were identified with the most potent anti-elastase 
activity rather than antimicrobial properties. P. aeruginosa 
elastase is believed to play a major role in pathogenesis via 
host tissue degradation (Morihara and Homma, 1985; Kha-
razmi, 1989). The growth rate of P. aeruginosa in the pre-
sence of essential oils was assayed in shake flasks. Ferula and 
Dorema oils did not have any inhibitory effect on P. aeru-
ginosa growth at 25 μg/ml concentration (Fig. 1). Infections 
caused by P. aeruginosa had been seen with high prevalence 
in the world due to multi-antibiotic resistance. In most cases 
the antibiotic resistance variants of P. aeruginosa were found 
to be more adherent and virulent (Proctor et al., 2006; Wei 
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Fig. 5. Schematic overview of anthranilate 
biosynthesis and degradation. The red arrows 
indicate the genes involved in PQS biosyn-
thesis via anthranilate. The blue arrows show 
the genetic context of tryptophan biosynthesis 
pathway.

Fig. 4. RT-PCR analysis of the 
genes involved in QS system of 
P. aeruginosa. The gene expre-
ssion was evaluated in absence 
of essential oils (A), in presence 
of Dorema oil (B), and in pre-
sence of Ferula oil (C).  

Fig. 3. LB-agar plate bioassay of 
HSL production using C. viola-
ceum CV026. Right in prescence 
and left in absence of the essen-
tial oils.

et al., 2011). Therefore, identification of substances which 
don’t kill bacteria but reduce their virulence motivated most 
of researchers. QS is a target for this purpose since most of 
virulence factors in P. aeruginosa are under control of QS. 
P. aeruginosa has three QS systems, namely las, rhl, and pqs. 
The las and rhl systems are LuxI/LuxR homologues of LasI/ 
LasR and of RhlI/RhlR, respectively (Dekimpe and Deziel, 
2009). Our data demonstrated that Dorema and Ferula oils 
decreased both the elastase activity of P. aeruginosa PAO1 
and the transcriptional activation of lasI, which indicated 
that these two oils inhibited the las system (Figs. 2A and 4). 
The rhlI gene slightly repressed in the presence of Ferula 
oil and it was not affected in response to Dorema oil treat-
ment (Fig. 4). The elastase production is generally thought 
to be under the control of lasI-lasR system (Gambello and 
Iglewski, 1991); however, rhlI-rhlR also controls elastase 
activity to a lesser extent (Brint and Ohman, 1995; Pearson 
et al., 1997).
  Pseudomonas aeruginosa pyoverdin production is one of 
the QS-controlled factors and is mainly regulated by las sys-
tem (Stintzi et al., 1998; Li et al., 2013). The drastically in-
hibition of pyoverdin production by both examined oils in-
dicated that the las system was inhibited (Fig. 2A). The pro-
duction of pyoverdin might be indirectly affected by pH or 
iron concentration changes in culture media (Jacques et al., 
2003). Therefore we checked the pH solution of our culture 
media throughout the experiments. No changes in pH were 
observed. The furanones, which are well known QS inhibi-
tors, have previously been shown contradictory results on 
pyoverdin production. A [(5Z)-4-bromo-5-(bromomethy-
lene)-3-butyl-2(5H)-furanone] from Delisea pulchra incre-

ased the production of pyoverdin (Reimmann et al., 1997). 
Whereas, furanone C-30, a synthetic derivative of a com-
pound from D. pulchra, conferred a 90% reduction in pyo-
verdin levels (Hentzer et al., 2003).
  The ferula oil reduced also the pyocyanin production of 
PAO1, whereas transcriptional activation of pqsA were not 
affected, suggesting inhibition of pyocyanin production might 
be outside of the pqs system (Figs. 2A and 5). PQS signaling 
is associated with the AHL based QS systems, involved in 
regulation of virulence factors production, particularly phe-
nazine, pyocyanin, hydrogen cyanide and in autolysis of P. 
aeruginosa colonies (D’Argenio et al., 2002). In a previous 
study, antA is repressed by LasR, a QS regulator during log 
phase and activated by RhlR, another QS regulator in a late 
stationary phase, whereas pqs operon for PQS synthesis is 
activated by LasR in the log phase and repressed by RhlR 
(Choi, 2011). Meanwhile our results indicated that the ex-
pression of antA, which is involved in degradation of an-
tranilate (PQS precursor) (Gallagher et al., 2002; Kim et al., 
2012), was highly reduced in the presence of both essential 
oils (Fig. 4). It was discovered that the phnA mutant of P. 
aeruginosa was deficient in production of the virulence fac-
tor pyocyanin while the trpE mutant was not (Essar et al., 
1990a, 1990b). Other researches clarified that PhnAB gen-
erated anthranilate for pyocyanin production, but later 
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works determined that anthranilate is instead a precursor 
for PQS production, which is required to induce genes for 
pyocyanin biosynthesis (Calfee et al., 2001; Mavrodi et al., 
2001; Gallagher et al., 2002). Therefore, we speculated that 
the accumulation of anthranilate by downregulation of antA 
gene could be used in biosynthesis of tryptophan, owing to 
the expression of pqsA gene was not affected (Fig. 4). Farrow 
and Pesci (2007) indicated that the anthranilate derived from 
the action of the TrpEG is mainly necessary for tryptophan 
biosynthesis while anthranilate derived from tryptophan 
degradation through the kynurenine pathway in rich media 
would be used for PQS production and in minimal media 
the PhnAB anthranilate synthase supplies the required an-
thranilate for PQS production (Fig. 5).
  Disruption of the QS system with furanones has also been 
shown to inhibit biofilm growth (Diggle et al., 2007). Previous 
work with garlic and Delisea pulchra furanones showed a 
qualitative change in biofilm morphology and a reduction 
in thickness; however, these analyses were not quantified 
(Stover et al., 2000; Rasmussen et al., 2005; Diggle et al., 
2007). Adonizo et al. (2008) demonstrated significant de-
crease in biofilm formation in the presence of Callistemon 
viminalis, Quercus virginiana, Tetrazygia bicolor, and Bucida 
buceras plant extracts. But there was a significant increase 
in biofilm formation compared to that of the control when 
strain PAO1 was grown in the presence of F. asafoetida 
(Fig. 2B). D. aucheri slightly decreased biofilm formation. 
Quercus virginiana extract has been indicated no correla-
tion between biofilm formation and the production of pyo-
cyanin, pyoverdin and elastase (Davies et al., 1998; Adonizo 
et al., 2008). Therefore, the biofilm production should be par-
tially controled by QS and other factors including physical 
media condition can affect biofilm production.
  In P. aeruginosa, the amount of virulence factors produc-
tion including pyoverdine, pyocyanin, elastase and biofilm 
are generally thought to act in concert with the production 
of quorum sensing signal molecules (QSSMs). We determined 
the effect of tested essential oils on the production of homo-
serin lactones (HSL) of P. aeruginosa by assessing the ability 
of bacterial supernatants in induction of C. violaceum CV026 
to violacein production (Fig. 3). Control assays indicated 
that ferula oil fully inhibited the production of HSLs in P. 
aeruginosa. Dorema oil treatment decreased the production 
of HSLs in P. aeruginosa. QS inhibition assays and repre-
ssion of P.aeruginosa virulence factors production suggested 
that QS circuits were targeted by the tested essential oils. 
However, these observations didn’t exclude other targets of 
the plant essential oils. RT-PCR analysis offered the ability 
to reveal essential oil target specity by monitoring changes 
in transcript accumulation (Fig. 4).
  The redundant and autoregulatory nature of the QS sys-
tem is quite convoluted. This fact, together with the com-
plex plant essential oil compounds, prevented us from pre-
cisely linking QS gene expression, the AHL level, and viru-
lence factor production. Although the mechanism of action 
of these plant essential oils is a complex problem, there was 
an overall inhibition of the QS system with Dorema and 
Ferula oils. Therefore, we supposed that multiple chemicals 
in these oils might be associated with distinct effects on dif-
ferent aspects of the QS system. The second explanation is 

that the effect is not directly on las-rhl system but, rather, on 
a more global QS regulator, such as Vfr (Albus et al., 1997) 
or GacA (Reimmann et al., 1997). Our data indicated that 
Dorema and Ferula oils had anti-quorum sensing activity, 
a finding which might be correlated with the herb’s use in 
traditional medicine. Through further research, it might be 
possible to isolate therapeutic molecules and developed the 
compounds responsible for QS inhibition activity.
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