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Abstract

Weeds are the plants that invade native ecosystems and are undesirable for the survival of indigenous flora and fauna. Typically
these are the plants that grow aggressively and multiply very quickly without any natural controls. These plants display adverse
effects through contact or ingestion. One such weed called Lantana camara has become one of the most invasive weeds and is
known to outgrow native vegetation. Despite the measures taken to eradicate this weed, it is still growing in wide range of habitats
as it can grow in extreme harsh conditions also. It is desirable to find some alternative use of this weed as it is very difficult to
eliminate. Therefore the present investigation deals with evaluation of this potentially toxic weed as a medicinal plant. With this
view in mind, the present study was carried out to evaluate the anti-quorum sensing potential of this weed. Different solvent
extracts of the plant were prepared with Soxhlet apparatus and were tested for anti-swarming potential against Proteus mirabilis
and pigment inhibition in Serratia marcescens. P.ether (3.33+0.57), Chloroform (3.66+1.15), and methanol (4+1) extracts of L.
camara showed maximum inhibition in the swarming pattern of Proteus mirabilis. Reduction in the pigment production without
inhibiting the bacterial growth in Serratia marcescens was observed in the presence of ethyl acetate (28+0.1) and methanol
(21+0.1) extract. Results of the study indicate that despite being a toxic weed Lantana camara can be alternatively utilized as

potent quorum sensing inhibitory plant and can be put for evaluation for diversified applications.
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1. Introduction

Weeds are the plants that are harmful to the naturally
occurring flora and fauna. They grow aggressively and
multiply very quickly. Typically these are the plants which are
considered as “plants in wrong place as they are undesirable in
a particular condition. Lantana camara is an evergreen shrub
native to subtropical and tropical America but a few species
are indigenous to tropical Asia and Africa [N, Lantana camara
is more popular as a toxic weed in most of the countries
because of its adverse effects through contact or ingestion [,
This plant can grow even in extremely harsh climatic
conditions. Lantana poisoning has been taking a heavy toll of
live stock year after year ¥l It also exerts Allelopathic action
on neighboring vegetation [, Despite the measures taken to
eradicate this weed, it is still growing in the wide range of
habitats. It has become a weed of National Significance as it is
regarded as one of the worst weeds because of its
invasiveness, potential for spread and economic and
environmental aspects B, Taking into consideration all these
aspects about this weed, it is desirable to find some alternate
uses of this plant. Efforts are being made to find out the
therapeutic potential of this plant. Extracts from the Lantana
leaves exhibit antimicrobial and insecticidal activity [ The
leaves are used in the treatment of itches, cuts, ulcers,
swellings, bilious fever, eczema and rheumatism 1. Many
previous studies have described the antifungal, antimicrobial,
immunosuppressive and antitumor activities of Lantana [ % 10
11, Hence the present study aimed to find out some important
medicinal properties of this potentially toxic weed. With this
view in mind, the study was carried out to evaluate the anti-

quorum  sensing  potential of Lantana  camara.
The problem of multidrug resistant bacteria is becoming a
global concern these days. These pathogenic organisms are
becoming resistant to a wide range of antibiotics which poses
a problem in the treatment of various infectious diseases [*21.
There is a need to find out an alternative strategy to combat
these pathogens. Quorum sensing is one such phenomenon
exhibited by almost all types of pathogenic bacteria. It is a
system that controls the virulence of these organisms. So if
guorum sensing can be controlled these pathogens are
rendered less virulent or avirulent making them unable to
establish the infection. Therefore the study was carried out to
evaluate the anti-quorum sensing potential of Lantana camara
against two pathogens Proteus mirabilis and Serratia
marcescens.

2. Materials and Methods

2.1 Collection of plant material

Fresh leaves and stems of Lantana camara were collected
from the nearby premises. Collected plant material was dried
in the shade for 20-25 days.

2.2 Preparation of Extracts

Once dried, the leaves were ground and extracted using a
Soxhlet apparatus with solvents in the series of increasing
polarity Chloroform, P.ether, ethyl acetate, acetone and
methanol. The solvents were evaporated to dryness and further
dilutions were made in DMSO to obtain the required
concentration. DMSO (Dimethyl sulfoxide) was also taken as
solvent control.
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2.3 Bacterial strains and culture medium

Proteus mirabilis, a pathogenic strain with a trait of swarming
motility that is controlled by quorum sensing and Serratia
marcescens, again a pathogenic strain having pigment
producing capability that is also quorum sensing controlled
were used in this study. Both the strains were grown in LB
broth and Nutrient Agar medium at temperature ranging from
30° to 37°C.

2.4 Bioassays for anti-quorum sensing

Swarming motility assay and pigment inhibition assay were
selected for testing of anti quorum sensing potential of the
plant extracts.

2.4.1 Swarming inhibition assay (Proteus mirabilis)
Swarming motility assay was conducted with LB media
consisting of 0.5% agar. Swarm plates were poured and
typically allowed to dry in the incubator before being used.
Swarm plates prepared with different concentrations of the
extracts were then centrally inoculated with the overnight
grown bacterial culture in LB broth. These plated were then
incubated for 24 hrs at 37°C. Inhibition in the swarming
motility was determined by measuring the diameters of the
swarm zones compared to control.

2.4.2 Pigment Inhibition assay (Serratia marcescens)

Agar well diffusion assay adopted to detect pigment inhibition
in Serratia marcescens. The assay was conducted with
Nutrient agar medium consisting of 2% agar. Briefly, plates
were poured and allowed to solidify. Once completely
solidified, wells were made. Then appropriate dilutions of
control and plant extracts were loaded into each well
according to increasing concentration. Solvent was used as
control. Plates were then incubated for 24 hrs to check the
inhibition of pigment production around the well.

3. Results

3.1Anti-swarming assay

All the extracts of the plant viz. Chloroform, P.ether, ethyl
acetate, acetone, and methanol were tested for ability to inhibit
swarming in Proteus mirabilis. DMSO was taken as solvent
control. The results of this assay were interpreted in two ways:
reduction in the number of the swarm zones or rings and
reduction in the diameter of the swarm zones as compared to
control. Out of the five extracts P.ether, chloroform, and
methanol extracts showed maximum inhibition in the swarm
zones as shown in Table 1. The number of the swarm rings
was significantly reduced in the presence of these extracts as
compared to control. Also the pattern of swarming motility
was found to be different. The width of the individual swarm
rings increased along with a concomitant decrease in the
number of rings. Fig.2.A significant reduction in the diameter
of swarm zone was observed in chloroform extract with only
three zones and a maximum diameter of 28.33+0.81 as
compared to solvent control 73.50+0.64.In the presence of

P.ether extract the maximum diameter was 26.00+0.42 and
that in methanol extract was 21.00+0.28.

3.2 Pigment inhibition assay

Pigment production is one of the phenomenon controlled by
quorum sensing regulatory mechanisms. Therefore the
extracts were then tested for ability to inhibit pigment
production in Serratia marcescens. Out of the five extracts,
ethyl acetate extract and methanol extracts were found to be
the most potent in pigment inhibition assay at varying
concentrations as shown in the graph in figure 4. Initially it
was assumed that the pigment inhibition was found to be dose
dependent. However a slight variation occurred in methanol
extract which showed greater inhibition at 60 ul (23+0.26)
than 100pl (21+0.2. In ethyl acetate extract treatment the
pigment inhibition was observed to be dose dependent. As is
evident from Table.3 the ethyl acetate extract exhibited
maximum inhibition with zone diameter of 28 0.1 and
methanol extract showed maximum inhibition with zone
diameter of 21+0.2.

The pigment inhibition assay involves testing of the extract for
only the pigment inhibition and no growth inhibition. Area of
colorless turbid zone (Fig 5) indicates that the extract is
allowing inhibition of quorum sensing mechanisms in the
organism by only inhibiting the formation of pigment and not
the growth of the organism.

4. Tables and Figures

Table 1: Effect of various extracts on swarming pattern in Proteus

mirabilis
Sr. No. Extract Mean Number of Swarm Zones

1. Control 6.66+1.52
2 P.ether 3.33+0.57
3. Chloroform 3.66+1.15
4. Ethyl acetate 4.66+0.57
5. Acetone 4.66+0.57
6 Methanol 4+1

(Values are presented as meanSD for three experiments)

Swarming pattern of P.mirabilis in the presence of
- different solvent extracts of Lantana camara
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Fig 1: Graph showing reduction in number of swarm zones in the
presence of different solvent extracts
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Plate 1

Fig 2: Pictures showing inhibition in swarming motility in P.mirabilis. Plate 1: DMSO control, Plate 2: P. ether extract, Plate 3: Methanol

Plate 2

Plate 3

extract, Plate 4: Chloroform extract

Table 2: Anti swarming activity in P.mirabilis in the presence of different extracts of Lantana camara

Plate 4

Swarm zone inhibition(iin mm)
Number of Swarm zones Control P.ether Chloroform | Ethylacetate | Acetone Methanol
1 14.67+0.12 | 10.00+0.26 | 9.00+0.36 8.33+0.32 5.00+0.36 | 8.33+0.59
2 26.00+0.26 | 14.67+0.31 | 18.67+0.76 16.00+0.52 | 11.67+0.25 | 14.00+0.62
3 38.00+0.26 | 22.67+0.55 | 28.33+0.81 24.67+0.72 | 20.00+0.52 | 24.00+1.32
4 49.00+0.61 | 26.00+0.42 35.00+£1.06 | 26.67+0.61 | 21.00+0.28
5 60.33+£1.27 34.00+£0.14 | 27.00+0.71
6 64.50+0.07
7 73.50+0.64
(Values are represented as mean=SD for three experiments)
Inhibition pattern in swarming motility of P.mirabilis in presence of different
solvent extracts of Lantana camara
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Fig 3: Graph showing significant reduction in the swarming pattern in the presence of extracts

Table 3: Anti-quorum sensing activity of extracts via pigment inhibition in S.marcescens

Extract conc. (uL)

Zone of Pigment inhibition (mm)

Ethyl acetate Methanol
20 15.33+0.2 20.33+0.41
40 22.33+0.11 23.66x0.2
50 22+0.36 16+0.43
60 25.33+0.05 23+0.26
70 23+0.2 18.33+0.2
100 28+0.1 21+0.2
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Inhibition of pigment production in S. marcescens in the presence of different
solvent extracts of Lantana camara
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Fig 4: Graph showing reduction in pigment inhibition with increasing concentration

Plate b

Plate a

Plate: ¢ Plate: d

Fig 5: Pictures showing pigment inhibition in S. marcescens in the presence of ethyl acetate and methanol extracts at different concentrations.
Plate a: Methanol extract (20, 40, 60) Plate b: Methanol (50, 70,100) Plate c: Ethyl acetate (20,40,60) and Plate d: Ethyl acetate (50,70, 100)

5. Discussion

Lantana camara is regarded as a weed of National
significance because of its invasive ability and toxic effects
[141 It is a serious threat to existing biodiversity as it does not
allow any other species of plants to grow nearby. Therefore it
is immensely important to control the spread of this weed. It is
also harmful to other plant species because of its allelopathic
potential [, Besides its harmful effects, this weed has got
some useful features also like anti-inflammatory action and
hepatoprotective effects 1. However to our knowledge very
few studies have been undertaken regarding the anti-quorum
sensing potential of this weed. With the emerging problem of
antibiotic resistance in the pathogenic bacteria, there is a need
to find out an alternative strategy to tackle with these
multidrug resistant organisms 1. Therefore the present study
focused on studying the quorum sensing inhibitory aspect of
the plant. Most of the studies use Chromobacterium violaceum
strain as an indicator for quorum sensing [7- 8. But present
study is novel in that it utilizes Serratia marcescens strain as
an indicator of quorum sensing regulation. Significant anti-
quorum sensing activity of the extracts of this plant was
observed against two potent pathogens P.mirabilis and S.
marcescens. Therefore this potentially toxic weed can be put
in the field of research for finding out its alternative medicinal
uses, which will ultimately help control the growth of this
weed.

5. Conclusion

It is evident from the results of this study that various solvent
extracts of Lantana camara showed activity against the tested
pathogens. The P. ether and methanol extracts at concentration
showed significant reduction in the swarming motility and
number of swarm rings in the pathogen P.mirabilis. As well as
the ethyl and methanol extracts showed maximum reduction
in pigment production in S. marcescens without inhibiting the
bacterial growth. Both these results are indicative that this
weed has anti-quorum sensing potential. As swarming motility
and pigment production, both these aspects are controlled by
quorum sensing regulatory genes in these organisms,
inhibition of these properties indicate that the quorum sensing
genes are also getting inhibited. And further if the quorum
sensing mechanisms are inhibited the pathogenicity of the
organisms is in turn reduced. Therefore the present
investigation clearly indicates the potential of using this toxic
weed as a medicinal plant. Further investigations are needed
to explore more such properties of this weed. There is a need
to find out the active ingredient present in this plant by
applying various purification techniques. Lantana camara is a
species which has invaded most parts of world. There is a
need to adaptively manage the species. Results of the study
indicate that despite of being a toxic weed Lantana camara
can be alternatively utilized as potent quorum sensing
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inhibitory plant and can be put for evaluation for diversified
applications.
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