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ABSTRACT

Background: Senna alexandriana Mill is a medicinally important plant
used in laxatives and also possesses potent antimicrobial compounds,
but its effect on the Pseudomonas aeruginosa was never analyzed.
Aim: This study was carried out with the objective to attenuate quorum l
sensing (QS)-controlled virulence factors in R aeruginosa and its biofilm.

Methods: In the present study, acetone and hexane extracts of S.
alexandriana mill were tested at sub-minimum inhibitory concentration
concentrations for their anti-QS activity using bioreporter strain the
Chromobacterium violaceum CV026. The effect of S. alexandriana Mill
on different virulence phenotypes such as pyocyanin and protease
production was investigated. Finally, the effect of the extract on
P. aeruginosa, biofilm formation was also determined using the
spectrophotometry-based method and microscopic analysis. Results:
The extracts were tested for their activities against QS-controlled
virulence factors of P aeruginosa at 600 ug/ml and 800 ug/ml acetone
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and hexane extract concentration, respectively. Results showed that ! | ! l
both the extracts have an inhibitory effect on different virulence factors Swarming motility Pyocyanin production Biofilm formation Protease production
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of P aeruginosa, including pyocyanin, protease production, and biofilm b e -

formation, without affecting the growth. The R aeruginosa biofilm was
found to be decreased by 756% and 62% in acetone and hexane extract
presence. Conclusion: The results revealed that both acetone and
hexane extracts showed anti-biofilm and anti-QS activity. It depicted

( 0D based quantification method ) ( Fluorescence microscopy method )

the potential of S. alexandriana Mill against P aeruginosa infection, its
biofilm, and QS.
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SUMMARY
e This study explored the anti-biofilm and anti-quorum sensing effect of Senna
alexandriana Mill extract against the P aeruginosa, and the obtained results

INTRODUCTION

Despite increasing efforts to prevent micro-organisms from gaining

This is an open access journal, and articles are distributed under the terms of the
Creative Commons Attribution-NonCommercial-ShareAlike 4.0 License, which
allows others to remix, tweak, and build upon the work non-commercially, as long as
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bacterial process of cell to cell communication, is utilized to switch on
different gene expression programs concerning population density.™

QS is thus a promising target for the development of next-generation
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antibiotics, particularly for infections caused by multidrug-resistant
micro-organisms.

P aeruginosa mainly has two quorum-sensing systems (rhl and
las), which regulate the detection and synthesis of small diffusible
signaling molecules called N-acyl homoserine lactones.”! The rhl
and las systems are hierarchically related to each other in such a way
that the las system regulates the rhl system at both transcriptional
and posttranscriptional levels.) QS and biofilm formation plays
a pivotal role in establishing chronic and acute infections, mostly
by P. aeruginosa.”’ Thus, antimicrobials that target the QS system
and biofilm formation can prove to be good partners to the
conventional antibiotics as both plants and bacteria coexisted
during the evolution, so there is a possibility that plants might have
evolved mechanisms to protect them from various infections.® This
hypothesis has generated interest among the scientific community
for herbal inhibitors as they impose less selection pressure on
bacteria and render them more susceptible to antibiotics. Senna
alexandrina Mill has been used as medicine by physicians from
the nineteenth century.” Medicinal properties of S. alexandrina
Mill are contributed mainly by the anthraquinones glycosides
along with that anthraquinone and secondary metabolites, such
as phenolic acids, coumarins, and flavonoids of this herb are
responsible for its antimicrobial activity.!'"”) Phytochemical analysis
of the S. alexandrina Mill was performed in different studies and
the phytochemical constituents identified are alkaloids, glycosides,
carbohydrates, phytosterols, Saponins, phenols, tannins, flavonoids,
and sesquiterpenes.!""? Keeping this miracle plant’s potential in mind,
this work was carried out to analyze the S. alexandrina Mill extracts
ability to inhibit QS in P. aeruginosa for the first time.

METHODS

Preparation of plant extracts

Dried leaves of S. alexandrina Mill were obtained from the Attar
Ayurveda suppliers of medicinal plants. Dried leaves were grounded into
a fine powder, and 5 g of dried powder was extracted separately in 500
ml of Acetone, Hexane, and Aqueous for 3 days. The solution obtained
from the Soxhlet was further filtered using filter paper (Whatman No. 1).
The whole extraction process was repeated thrice, and then the filtrate
obtained was concentrated at 40°C under vacuum with a rotary
evaporator. Crude extracts obtained were kept at 4°C for further use.

Bacterial strains

This study used the P. aeruginosa PAOI bacterial strain. GFP-PAO1
pIN105 LpSCl1
kindly provided by Dr. Greenberg (University of Washington).
N-(3-oxo-dodecanoyl)-L-homoserine (3-oxo-C,, HSL),
gentamycin, ampicillin were procured from Sigma-Aldrich. L-arabinose
was purchased from Himedia.

and reporter strain Escherichia coli were

lactone

Screening for quorum sensing inhibition

To determine the anti-QS activity of the extract, Chromobacterium
violaceum (CV026), a mini-Tn5 transposon mutant, was used as a
reporter strain. In brief, the overnight grown CV026 culture was
spread on prepared Luria-Bertani (LB) agar plates containing hexanoyl
homoserine lactone and kanamycin to prepare uniform lawn. Wells were
punched in the agar, and 50 ul of the extracts were put into the punched
wells and were incubated in the upright position for 24 h.F!
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Growth curve

To observe the effect of different extracts on Pseudomonas aeruginosa
PAO1 growth. P. aeruginosa was incubated with acetone (600 pug/ml) and
hexane extract (800 ug/ml) of S. alexandrina Mill for 24 h, growth was
measured at 600 nm at an interval of 2 h till the micro-organism reaches
a stationary phase. LB medium supplemented with the extract alone was
taken as a control to normalize the variation in the absorbance.

B-galactosidase assay

For gene expression studies, P. aeruginosa PAO1 was grown at 37°C
in the presence of acetone and hexane extracts of S. alexandrina Mill
dissolved in dimethyl sulfoxide (DMSO), alongside cinnamon oil, was
used as a positive control. After overnight incubation, the treated culture
was centrifuged for 15 min at 10,000 rpm. The obtained supernatant
was filtered through a 2 um syringe filter and checked for the presence
of 3-oxo-C , HSL. Briefly overnight grown E coli pJN105LpSC11 was
inoculated into LB broth supplemented with gentamycin (20 pg/ml) and
ampicillin (100 pug/ml) and grown to optical density (OD) 0.2, then
0.25% L-arabinose was added for the induction of LasR expression and
further incubated till the OD,, reaches 0.5. After attaining a 0.5 OD
sterile test, bacterial supernatant was mixed with 1:100 dilution of the
E coli pJN105LpSCI11 and incubated for 2 h at 37°C, -galactosidase
activity was measured using Miller assay.[!"'?!

Effect of Senna alexandrina mill on different
virulence phenotypes

Pyocyanin assay

A culture of P. aeruginosa PAO1 was standardized to OD, 1.0 and then
inoculated into 25 ml of LB supplemented with acetone and hexane
extracts of S. alexandrina Mill along with the cinnamon oil and DMSO
as a positive and negative control and then grown overnight at 37°C.
Supernatants were collected after centrifugation at 10,000 rpm and filter
sterilized. Pyocyanin was extracted using chloroform, followed by the
0.2 M HC], and the pink color obtained was measured at 520 nm.*?!

Protease assay

Briefly overnight grown culture in the presence of acetone extract and
hexane extract of S. alexandrina Mill along with the cinnamon oil and
DMSO as a positive and negative control, were centrifuged at 15,000 g
and 4°C for 15 min. The supernatant was collected and filter sterilized.
300 l of the filter-sterilized supernatant was mixed with 200 pl of 2%
azocasein solution. By adding 10% trichloroacetic acid, the reaction was
stopped, precipitating undigested substrate, and centrifuged at 15,000 g
for 10 min. The supernatant obtained was mixed with 1M NaOH, and
activity was measured at 430 nm against the blank, which is run parallel
and normalized by the culture OD at 600 nm. To avoid the confusion
on false results because of the extracts, extracts diluted in LB without
growth were run in parallel with the same procedure. The Skim milk
agar plate assay was also performed to confirm the inhibition of protease
activity by extracts.¥

Motility assay

Briefly swarming medium contents are glucose (1%), bacto
peptone (0.5%), yeast extract (0.2%), and bacto agar (0.5%). Swarming
agar was supplemented with 200 ul extract, and 5 ul of overnight grown
culture was inoculated onto the middle of the agar plate and incubated
overnight at 37°C. Swarming motility was assessed by measuring the

dendrites length.!
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Quantification of biofilm

P aerugiosa PAO1 was grown overnight at 37°C with shaking. The
overnight grown P. aeruginosa PAO1 culture was diluted to OD,
1 and was then inoculated to a fresh Tryptic Soy Broth (TSB). 200 pl of
inoculated broth was dispensed in different wells of a microtiter plate
containing acetone (600 ug/ml) and hexane extracts (800 ug/ml) along
with the 0.2 ul cinnamon oil and 1% DMSO which serve as a positive
and negative control. The plate was incubated for 24 h at 37°C, growth
observed after 24 h was discarded and replaced with fresh medium and
incubated again at 37°C for 24 h. Growth observed was discarded, and
wells were washed thrice with PBS (7.4) and stained with 200 pl of 0.4%
crystal violet (CV) for 30 min. The CV stain was discarded, and the
microtiter plate wells were rinsed with distilled water twice to remove
the unbound dye, and 100 ul of DMSO was added to each microtiter
plate well for solubilizing the stain, and absorbance was read at 590 nm
using Teccan Microplate reader.®!

Microscopic analysis

Biofilm formation was carried out in the presence of acetone and
hexane extracts of S. alexandrina Mill. cinnamon oil and DMSO were
taken as positive and negative control. Briefly, the overnight grown
culture of g-PAO1 was diluted in fresh TSB to OD,; 1 and inoculated
to the petri plates containing sterilized coverslips and incubated for
24 h. Afterward, the growth observed was discarded and replaced
with fresh medium and incubated further for 24 h, the supernatant
was removed, and the incubated coverslips were washed gently with
1X PBS thrice to remove the weakly adhered cells, and the biofilm
obtained was stained with 0.4% CV for 30 min and rinsed thrice in
autoclaved distilled water to eliminate the unbound stain and observed
under x100. For fluorescent staining, g-PAO1 biofilm was stained
with 4,6-diamidino-2-phenylindole (DAPI) and visualized under a
fluorescence microscope.!"”!

Statistical analysis

All the microbiological experiments were performed in triplicates, and
the results are expressed as mean values + standard mean error. The
significant values were investigated using one-way analysis of variance,
and only values at P < 0.05 were considered statistically significant.
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Figure 1: Growth curve analysis in the presence of acetone and hexane
extract of Senna alexandrina Mill
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RESULTS

Senna extracts inhibits quorum sensing

Different extracts of S. alexandrina Mill (acetone, hexane, aqueous)
were tested for their anti- QS activity using CV026, and clear halo was
observed around the wells containing the acetone and hexane extracts.
DMSO was used as solvent control, and no zone was observed around
the well-containing DMSO. Acetone and hexane extracts were selected
for further studies on QS inhibition in P. aeruginosa PAO1.

Growth curve study

The growth curve study revealed that there is no effect on the
growth of the P. aeruginosa PAO1 when grown in the presence of
acetone extract of S. alexandrina Mill at 600 pug/ml concentration
and hexane extract of S. alexandrina Mill at 800 ug/ml [Figure 1].
The growth pattern of PAO1 was treated with acetone and hexane
extract of S. alexandrina Mill resembled that of the untreated
control, which further suggests that this concentration can be used
for assessing the effect of senna extract on QS of P. aeruginosa PAO1.
Concentrations were selected on the basis of minimum inhibitory
concentration (MIC) and only sub-MIC concentrations can be used
for the QS inhibition to prevent the selection pressure exhibited at
the concentration above MIC. In addition, the positive control used
in the study is purified oil and these are crude extracts therefore we
selected these concentrations.

B galactosidase assay

E coli pJN105LpSC11 was used as a bioreporter strain to investigate
the effect of S. alexandrina Mill on QS in P. aeruginosa PAO1 as B
galactosidase activity (expressed in terms of Miller Units) can be
measured as a function of 3-oxo-C , HSL. It was observed that 3-oxo-C ,
HSL level in the supernatant of acetone and hexane extracts treated
culture was reduced to 61% and 43% than the untreated culture, as
shown in Figure 2, which shows that p galactosidase activity in the

1000+

Miller Units
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Figure 2: Effect of acetone and hexane extract of Senna alexandrina
Mill on Pseudomonas aeruginosa QS. The effect is measured using
biosensor strain E coli pJN105 LpSC11 which specifically detects
N-(3-oxo-dodecanoyl)-L-homoserine lactone in the supernatant of
treated cultures. All the experiments were performed in triplicates, and
the error bar represents the standard error mean of three measurements.
***indicates the samples which were significant (one-way analysis of
variance P < 0.0001)
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treated culture was nearly equivalent to the positive control cinnamon
oil and lower than the untreated control.

Effect of Sennaalexandrina Mill on different
virulence phenotypes

Pyocyanin assay

Pyocyanin is a blue-colored phenazine derivative produced by
P. aeruginosa and helps in the successful establishment of infections by
generating reactive oxygen species that kill defense cells. While studying
the effect of S. alexandriana Mill extract on the pyocyanin production,
it was observed that the production of pyocyanin was reduced to about
58% and 45%, respectively, when compared with the untreated control,
as shown in Figure 3.

0D520/0D600

Figure 3: Effect of acetone and hexane extract of Senna alexandrina Mill
on pyocyanin. All the experiments were performed in triplicates, and the
error bar represents the standard error mean of three measurements.
***indicates the samples which were significant (one-way analysis of
variance P < 0.0001)

Protease assay

Protease plays a vital role in P aeruginosa infection by helping in
penetration of the tissue by degrading laminin. As shown in Figure 4, a
sharp decrease in protease production was observed when P. aeruginosa
PAO1 was grown in the presence of acetone and hexane of S. alexandriana
Mill in comparison with the untreated control. Obtained results were
further confirmed by using skim milk agar assay, which supports the
results obtained.

Motility assay

Swarming motility is a type of movement of bacteria by which it
travels through a semisolid medium with the help of flagella in search
of nutrients. Swarming helps bacteria to translocate it to a site of
infection. P. aeruginosa swarming motility was significantly decreased
in the presence of acetone and hexane extract of S. alexandriana Mill as
compared to the control, as shown in Figure 5, in which the length of
the dendrites in the treated sample was less than the untreated control.
As swarming in P. aeruginosa is dependent on rhamnolipid production,
which acts as a surfactant, a decrease in swarming might be due to the
reduced rhamnolipid production.

Quantification of biofilm

Micro-organisms grow in biofilm mode by secreting the extracellular
polysaccharide layer (EPS) layer to provide protection against various
antimicrobial treatments as biofilm formation in P aeruginosa was
controlled partially by QS. Hence, the effect of acetone and hexane
extract of S. alexandriana Mill on biofilm formation was examined
by using CV assay, and it was observed that biofilm formation was
reduced to about 75% and 62% in the presence of acetone and hexane
extract of S. alexandriana Mill respectively when compared with the
control [Figure 6].

Microscopic analysis

Microscopic analysis reveals the changes in the architecture of biofilm.
The effect of hexane and acetone extract of S. alexandriana Mill was
further confirmed by light microscopy and fluorescence microscopy. It
was observed that cells were in dispersed form in the treated samples
compared to the confluent growth in control samples without treatment,

mununnnun, |
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Figure 4: Effect of acetone and hexane extract of Senna alexandrina Mill on protease production (a) Skim milk agar assay (a) Pseudomonas aeruginosa
PAO1 (b) dimethyl sulfoxide Acetone extract of Senna alexandrina Mill Hexane extract of Senna alexandrina Mill Cinnamon oil (b) Azocasein assay. All the
experiments were performed in triplicates, and the error bar represents the standard error mean of three measurements. ***indicates the samples which

were significant (one-way analysis of variance P < 0.001)
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which might be due to a reduction in EPS production by extracts. For
fluorescence studies, g-PAO1 was used for the formation of biofilm
and stained with DAPI for the examination of the effect of extracts; it
was observed that biofilm formation was reduced significantly in the
presence of acetone extract as compared to the hexane extract and
untreated control and extracellular DNA content of the treated biofilm
was higher as compared with the untreated control which might be due
to the lysis of cells by extract as shown in Figure 7.

DISCUSSION

With the increasing demand for new therapies to cope up with the
multidrug-resistant micro-organisms, QS inhibition emerged as a
new strategy for the development of compounds that inhibit different
virulence traits responsible for the pathogenesis of micro-organisms.!®
Herbal plants have been used for the centuries for the treatment of various
microbial infections and have been proven to be beneficial because of
low cytotoxicity and less selection pressure on the micro-organisms.
Therefore, search for medicinally important plants and plant-derived
compounds are an attractive alternative for the treatment of various
pathogens.

Among the different extracts of S. alexandrina Mill acetone and hexane
were found positive for QS inhibition. Both the extracts at a tested
concentration (600 pg/ml and 800 pg/ml) showed no effect on the growth
of P. aeruginosa. However, previous reports have shown that extracts of S.
alexandrina Mill possess antimicrobial activity against both bacteria and
fungi, including P. aeruginosa as Cassia alata has been shown to possess
anti-biofilm activity against P aeruginosa by inducing changes in the
EPS.1% Most of the virulence phenotypes such as elastase, pyocyanin,
rhamnolipid, protease along with other factors in P, aeruginosa are regulated
by QS circuits lasIR, rhlIR, and PQS system.?!! Our results revealed that
acetone and hexane extract of S. alexandrina Mill are interfering with
both the rhl pathway as well as las pathway. Decreased production of
protease and pyocyanin in the presence of acetone and hexane extract of
S. alexandrina Mill describes their anti-QS potential. Swarming motility
of P. aeruginosa is another important virulence factor controlled partially
by QS, which helps bacteria to migrate on semisolid surfaces and assist
in colonizing the surfaces. Reduced swarming in the presence of extracts
might be due to the reduced production of rhamnolipid, which acts as a

Control

Figure 5: Effect of acetone and hexane extract of S. alexandriana Mill on
swarming motility of Pseudomonas aeruginosa
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surfactant and helps in motility. Biofilm formation plays a crucial role in the
pathogenesis of micro-organisms.??! The present study revealed a decrease
in the biofilm production in the presence of acetone and hexane extracts of
S. alexandrina Mill without affecting growth rate, the findings are consistent
with the previous findings in which biofilm formation was found deceased
in the presence of berberine.® Quantitative results obtained were further
confirmed by light and fluorescent microscopy. Fluorescent microscopy
was done to reveal the alterations in the structure of biofilm in the presence
of extracts by staining g-PAO1 with DAPI. In the present study, it was
observed that the treatment of g-POA1 biofilm with acetone and hexane
extract of S. alexandrina Mill increased the extracellular DNA content in
comparison to the control; treatment with extracts may have caused the
lysis of cells and release of nuclear DNA into the cytoplasm.

CONCLUSION

P, aeruginosa is an opportunistic Gram-negative pathogen responsible for
causing various diseases in the immune-compromised patients and difficult
to eradicate because of various mechanisms operating in it to provide
multidrug resistance. QS controls various virulence factors contributing to
the pathogenesis of P. aeruginosa. Although antibiotics can be used against
these pathogenic bacteria but due to the development of resistance against
the antibiotics makes their eradication more complicated. In this context,
herbal compounds that interfere with the QS and biofilm process will be
a promising alternative for controlling P. aeruginosa associated infection.
Thus, the present study reveals that S. alexandrina, Mill which has been
used for various laxative preparations, must be containing compounds
that can target QS-controlled virulence phenotypes of P. aeruginosa PAO1
and its biofilm formation. In the future, the results may be considered for
performing in vivo and clinical investigations.
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