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Abstract

A new perspective in the application of natural compounds as therapeutic agents are presented by quorum
sensing inhibitors to combat pathogenic diseases without developing antimicrobial resistance. The study
evaluated the quorum sensing inhibition (QSI) activities of ethanolic extracts of selected Philippine
ethnobotanicals against Staphylococcus aureus PNCM 1582. Ethnobotanicals tested were Bidens pilosa,
Cestrum nocturnum, Sarcandra glabra, Oreocnide trinervis, Pittosporum pentandrum, Lipang-daga (no
known scientific name), Derris elliptica, Alstonia scholaris, Ageratina adenophora and Ayapana triplinervis
Extracts were subjected to assays on the phenotypic expression of virulence factors of S. aureus: DNase and a-
hemolysin. C. nocturnum, O. trinervis and A. triplinervis showed inhibition of the phenotypic expression of
DNase in S. aureus indicating the presence of QSI.C. nocturnum, S. glabra, O. trinervis, Lipang-daga, D.
elliptica, A. scholaris, A. adenophora and A. triplinervis ethanolic plant extracts caused QSI resulting in the
absence of a-hemolysin production in the plate culture. Findings of both virulence assays confirm the QSI
activities of the ethnobotanicals against the virulence factors in S. aureus. Thus, these ethnobotanicals display
potential for the development of anti-quorum sensing drugs to combat bacterial infections without developing

resistance.
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Introduction
The inappropriate and repeated use of antibiotics
without following the proper dosages and
administration triggered the development of drug-
resistant bacteria, among which are methicillin-
(MRSA),
(VRE), and
multi-drug-resistant Mycobacterium tuberculosis
(MDR-TB) (Senior, 2014). In the light of the recent

emergence of bacteria which are resistant to multiple

resistant Staphylococcus aureus

vancomycin-resistant Enterococcus

antimicrobial drugs, the challenges in the treatment
of infections and the need to discover new ways to
combat such microorganisms becomes pertinent

(Gbadamosi, 2012).

Staphylococcus aureus is considered one of the most
important pathogens in modern hospitals, which
often proved to be resistant to antibacterial drugs
(Rice, 2008). S. aureus, a versatile pathogen capable
of causing wide range of diseases, is among the
normal human skin microflora (Gordon and Lowy,
2008; Asif and Acharya, 2012). It is a gram-positive
bacterium capable of causing infections that may lead
to pneumonia, bacteremia and sepsis (Massey et al.,
2006). The ability of S. aureus to cause disease
depends on the expression of an array of adhesion
molecules, toxins and compounds that affect the
human system and quorum sensing that regulates the
expression of genes encoding these virulence factors
(Asif and Acharya, 2012). S. aureus quorum sensing
system is encoded by the accessory gene regulator
(agr) locus; the agr system contributes to virulence in
model biofilm-associated infections (Yarwood et al.,

2004; Novick and Geisinger, 2008).

Quorum sensing inhibition (QSI) is among the recent
means of controlling bacteria without forming
resistant strains. Anti-quorum sensing compounds
are known to have the ability to attenuate bacterial
pathogenicity. Since quorum sensing controls the
regulation of many bacterial processes, an attractive
tool to control and handle infections caused by
human, animal, and plant pathogens is suggested by

finding of natural compounds acting as quorum
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sensing inhibitors (Adonizio et al., 2006 ; Hong et al.,

2012; Song et al., 2012; Koh et al., 2013).

Ethnobotanicals are among the most promising
plants in drug discovery. Ethnobotanicals grown in
the wild have played important roles in local healing
practices that include management and treatment of
various ailments, diseases and infections. These
plants are still utilized today (Abe and Ohtani, 2012;
Gbadamosi, 2012). Most of these plants, however, are
unidentified, and remain unexplored, and thus, are
potential prospects for research, especially in
pharmacognosy.  The ethnobotanicals from the
Igorots of the Kalahan community, the indigenous
people in the province of Nueva Vizcaya in the
northeast part of the Philippines were screened in this
study for the presence of quorum sensing inhibitors
against S. aureus. The results may validate existing
traditional medicinal uses of the plants by the Igorot
community and append newer application as

alternative medicine.

A new perspective in the application of natural
compounds as therapeutic agents can be presented by
the search for quorum sensing inhibitors (Domingo
and Loépez, 2003), and the revival of opportunities in
using our country’s botanical resources as old sources
but of novel compounds. The findings in this research
work may help establish a new approach in
combating infectious diseases caused by microbes,
especially bacteria. This new therapeutic direction
relies on the inhibition of quorum sensing
mechanisms among pathogens, which are proven key

activities in mounting infections in the host.

Materials and methods

Collection of plant samples

Ethnobotanical plant samples of Bidens pilosa,
Cestrum nocturnum, Sarcandra glabra, Oreocnide
trinervis, Pittosporum pentandrum, Lipang-daga (no
known scientific name), Derris elliptica, Alstonia
scholaris, Ageratina adenophora and Ayapana
triplinervis were collected along a trail of Mt.
Imanduyan, Brgy. Imugan, Sta. Fe, Nueva Vizcaya.

Plants included in the evaluation were pre-
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determined in an ethnobotanical survey conducted by
Undan et al. (2014) with the permission of the council
of elders. Leaves of mature plants were collected by
hand picking then placed in clean, sealed plastic bags

and transported to the laboratory for processing.

Ethanol extraction

The leaves of plant samples were rinsed in running
tap water. This was followed by second rinsing using
distilled water and then with 70% (v/v) ethanol (Tan
et al., 2013). Washed plant materials were dried were
ground to fine particles using a blender. Fifty (50)
grams of ground dried plant material were soaked in
500 ml of 95% ethanol in a stoppered flask for 72
hours. The mixture was then filtered using Whatman
no.1 filter paper and the solvent was completely
removed using a rotary evaporator (Tan et al., 2013).
The resulting extracts were stored in tightly stoppered
sterile amber bottles (Srisawat, 2007) at
temperatures between 0-5 °C. The extracts were
sterilized by centrifugation at 10,000 rpm for 30
minutes, followed by syringe filtration (Acrodisc
25mm Syringe Filter) with a 0.45 um pore size
(Srisawat, 2007). Sterility of the extracts was
monitored by inoculating 100 pl in brain heart
infusion agar (BHIA) from time to time. The sterile
extracts were kept at 2-8°C prior to use (Srisawat

2007).

Disk-Diffusion Assay for Antibacterial Activity of
Plant Extracts Against S. aureus PNMC 1582

The protocol of Rezaei et al., (2011) was used with
some modifications. Three (3) to five (5) colonies of S.
aureus PNMC 1582 grown for 16-18 hours in BHIA at
35 °C were transferred to sterile distilled water, the
turbidity adjusted to McFarland 0.5 standard (~ 1.5 x
108 CFU/mL) (Ortez, 2005). Mueller Hinton Agar
(MHA) plates were inoculated using a sterile cotton
swab moistened with the standardized culture.
Streaking of the entire surface was done three times
accompanied by rotation at every application to cover

all areas.

Ethanolic plant extracts were placed on sterile empty

petri plates, 20 pL of each extract was pipetted onto
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6-mm sterile blank antibiotic discs (Hi-Media cat#
SDo067) and allowed to stand for a few minutes to
eliminate excess liquid. Using a sterile forceps,
infused discs were then transferred carefully onto
previously inoculated 15-mm MHA plates equidistant
to each other. Sterile distilled water served as
negative control; Erythromycin (15 pg, Hi-Media cat#
SDo013) as positive control. Plates were prepared in
triplicates. Antimicrobial activities of the extracts
were detected through the presence of clear or
translucent zone of inhibition around the disks. Each
plant extracts in the study should not exhibit clearing
to rule out antibacterial-mediated decrease in
virulence factor production, which is required for
accuracy of the subsequent assays. Only plant extracts
without antimicrobial activities were used in the
detection of quorum sensing inhibition through

modified virulence assays.

Evaluation of Quorum Sensing Inhibition in

Staphylococcus aureus PNCM 1582 Through

Virulence Factor Assays

DNase Assay

(Modified from Brown, 2011; Tan et al., 2013; and
Kateete et al., 2010): Late log phase BHIA cultures of
S. aureus PNCM 1582 were heavily streaked on
modified DNase test agar plate prepared by the
addition of 1 ml of plant extracts to liquefied 9 ml of
DNase agar poured over pre-solidified base DNase
agar (10 ml). Three one-inch streaks of S. aureus
comprised the replicates. Plates were incubated for
18-24 hours at 35 °C. Drops of 1N HCI were added to
highlight clear zones around the bacterial colonies.
Excess acid was removed. Liquefied DNase agar with
1 ml sterile distilled water in the top agar was used as
control. Absence of clear zones indicated inhibition of

DNase production.

a-Hemolysin assay

Liquefied Blood Agar (BA, 9 ml) supplemented with
plant extracts (1 ml) poured over pre-solidified Blood
agar (10 ml) was prepared. Overnight culture of S.
aureus PNCM 1582 was streaked onto the agar,

followed by incubation at 37 °C for 18 to 24 hours.

180 | Limos et al.



Plates were removed not later than 24 hours to

prevent blood degeneration caused by over-
incubation. Absence of hemolysis in BAP indicated
the presence of quorum sensing inhibition activity of

plant extracts.

Data gathering and statistical analysis

The absence of beta hemolysis in Blood Agar plate
meant suppression of the a-hemolytic toxin
production, hence, presence of anti-quorum sensing
mechanism in the extracts. In DNase test, absence of
the clearing zones around the streaks on the DNase
agar plate or after addition of 1N HCl was recorded as

inhibition of DNase production, hence, presence of

QSL
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Results and discussion

Antibacterial testing was performed to select which
extracts qualified for the screening of quorum sensing
inhibition (QSI). Table 1 shows the antibacterial
activity of the ethnobotanicals tested against S.
aureus PNCM 1582.The extracts tested in the QSI
screening should not exhibit inhibition of bacterial
growth to rule out antimicrobial-mediated decrease in
virulence factor production in the later tests, which is
required for accuracy of the subsequent assays. B.
pilosa and P. pentandrum showed clear zones of
indicating the

inhibition around the discs

antibacterial activity of the two plants.

Table 1. Antibacterial activities of plant extracts against S. aureus PNCM 1582.

Plant Extracts

S. aureus

Pittosporum pentandrum

Bidens pilosa

Cestrum nocturnum

Sarcandra glabra

Oreocnide trinervis

Lipang-daga

Derris elliptica

Alstonia scholaris

Ageratina adenophora

Ayapana triplinervis

Sterile Distilled Water (-control)

Erythromycin (15ug) (+ control)

Note: ( + ) = with antibacterial activity; ( — ) = without antibacterial activity.

Plant extracts show QSI against DNase and a-
hemolysin

Table 2 shows the QSI of plant extracts against
Staphylococcus aureus PNCM 1582 virulence factors.
The ethanolic extracts of C. nocturnum, O. trinervis
and A. triplinervis showed inhibition of the
phenotypic expression of DNase in S. aureus
indicating the presence of QSI (Table 2). C.
nocturnum, S. glabra, O. trinervis, Lipang-daga, D.
elliptica, A. scholaris, A. adenophora and A.
triplinervis ethanolic plant extracts caused quorum

sensing inhibition resulting in the absence of a-

hemolysin production in the plate culture(Table
2).Four (4) ethanolic extracts: S glabra, D. elliptica,
A. scholaris and A.adenophora, showed inhibition of
quorum sensing by suppressing the phenotypic
expression of a-hemolysin only and not DNase, thus,
affecting only the second class of virulence factors.
Moreover, three (3) ethanolic extracts, C. nocturnum,
O. trinervis and A. triplinervis, showed suppression
of phenotypic expression on both virulence factors
showing QSI targeting the two classes of virulence

factors.
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As all ethanolic extracts in this study showed QSI on
S. aureus a-hemolysin virulence factor phenotypic
could be
ethnobotanicals may have affected the pathogenicity
of S. aureus by
expression of RNAIII hla and/or hld at the

transcriptional or translational level. Tamber et al.

expression, it suggested that the

suppressing the phenotypic
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(2010) demonstrated that S. aureus pathogenesis has
virulence progressing in two (2) discrete stages: (1)
the production of adhesins and surface proteins
during the exponential phase of growth; and (2) the
increased toxin production which leads to the

increased tissue damage and Dbacterial spread.

Table 2. Summary of quorum sensing inhibition (QSI) of plant extracts on S. aureusPNCM 1582 virulence

factors.

Plant Extracts DNase a- Hemolysin
Pittosporum pentandrum NA NA
Bidens pilosa NA NA
Cestrum nocturnum + +
Sarcandra glabra - +
Oreocnide trinervis + +
Lipang-daga - +
Derris elliptica - +
Alstonia scholaris - +
Ageratina adenophora - +
Ayapana triplinervis + +

Note: ( + ) = with QSI activity; ( — ) = without QSI activity; NA= with antibacterial activity.

These virulence factors that greatly impact

staphylococcal infection are controlled by the
accessory gene regulator (agr) system (Novick et al.,
1993; Lebeau et al., 1994; Otto et al., 1999; Liu, 2009;
Thoendel et al., 2011). The agr system is comprised of
several genes, agr DBCA, and RNAIII the gene for a
regulatory RNA molecule (Otto et al., 1999). RNAIII
is expressed maximally during post-exponential
phase and post-transcriptionally activates virulence
factor production as it harbors genes encoding for
toxins such as a-hemolysin (hla), 6-hemolysin (hld)
and V8 protease (sspA). RNAIII controls virulence
gene expression at the transcriptional and
translational levels (Otto et al., 1999; Tamber et al.,
2010; Rutherford and Bassler, 2012).Many virulence
factors of S. aureus, including a-toxin, B-toxin, &-
toxin and DNase, are controlled by the accessory gene
regulator (agr) system (Otto et al., 1999; Antunes et
al., 2010; Yarwood and Schlievert, 2003). There are
two (2) classes of virulence factors regulated by agr:

(1) virulence factors involved in attachment to the

host and immune evasion, and (2) virulence factor
genes involved in the production of exoproteins
associated with invasion and toxin production
(Bowden et al., 2005). Production of DNase belong to
the first class as it allows S. aureusto avoid
destruction by PMNSs (neutrophils) to survive, thereby
causing human infections (Voyich et al.,, 2005;
Zarringhalam et al, 2013) while production of
exotoxins belong to the second class of virulence

factors.

Three (3) extracts, C. nocturnum, O. trinervis and A.
triplinervis inhibited the production of DNase in S.
aureus which show their antivirulence activity.S.
aureus normally produces deoxyribonuclease
(DNase) (Foster, 1996; Uwaezuoke and Aririatu,
2004; Gordon and Lowy, 2008), an enzyme that
breaks down DNA. The expression of DNase allows S.
aureus to escape killer neutrophils’ extracellular traps
while helping its metastatic infections and tissue
(Gordon and Lowy,

deconstruction 2008;
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Zarringhalam et al, 2013). Polymorphonuclear
leukocytes (PMNs or neutrophils) are critical for
human innate immunity, and kill most invading
bacteria. S. aureus avoid destruction by PMNs
(neutrophils) to survive, thereby causing human
infections (Voyich et al., 2005; Zarringhalam et al.,

2013).

High potential in antivirulence is shown by the
extracts against a-hemolysin as almost all the tested
plants inhibited its production. S. aureus has been
regarded as a serious threat to human health.
(Watkins et al., 2012) due to many cell surface
virulence factors and, exotoxins and enzymes that
allow strains to cause a multitude of infections
(Yarwood and Schlievert, 2003). Once colonization of
S. aureus occurs, numerous secreted exotoxins, such
as hemolysins (a, B, 8 and y), cause serious human
disease and are suggested to contribute to significant
illnesses (Yarwood and Schlievert, 2003). The best
characterized and most potent membrane-damaging
toxin is the a-hemolysin toxin which acts on cell
membranes causing cell death due to lysis (Foster,

1996; Madigan et al., 2012).

The antivirulence activities may be attributed to the

phytochemicals present in the ethnobotanical
extractsthat are reported with QSI activities. Several
studies have proven that higher plants produce and
secrete secondary metabolites that interfere with the
quorum sensing of bacteria, such as those by Adonizio
et al. (2006), Rezaei et al. (2011), Song et al. (2012)
and Tan et al. (2013)among others. The nature and
identity of the active compound/s present in the
ethanolic extracts of the ethnobotanicals responsible
for its quorum sensing inhibition activities is still
difficult to indicate due to the novelty of some of the
species. It is possible, nevertheless, that both direct
and indirect mechanisms are responsible for the QSI
activities of the plants (Zahin et al., 2010). The study
infers that multiple phytochemicals in the extracts
affected quorum sensing in various ways. Also, the
use of ethanol as solvent may have influenced the
potency of the extracts as quorum sensing inhibitors

since ethanol penetrates the cellular membrane of

2018

plants to extract the intracellular ingredients (Wang,
2010). The studies of Cowan (1999) and Tiwari et al.,
(2011) indicated that ethanol is capable of extracting
tannins, polyphenols, flavonol, terpenoids, and
alkaloids. Moreover, Sultana et al. (2009) stated that
phenolics are often extracted in higher amounts in
more polar solvents such as ethanol. These active
constituents of plants belong to the group of
phytochemicals which are proven to have anti-
quorum sensing abilities as identified by Nazzaro et
al. (2013). The extract yields of plant materials are
strongly dependent on the nature of the extracting
solvent, this is due to the presence of different
compounds of varied chemical characteristics and
polarities that may or may not be soluble in a

particular solvent (Sultana et al., 2009).

Ethanolic crude plant extracts are proven to be more
effective than individual plant component owing to
their synergistic interactions to protect their active
component/s and/or help facilitate transport across
cell barriers. This may result in higher efficacy of the
crude drug compared with the purified components
(Ghosh et al., 2014). This supports the current trend
of exploring crude extracts as possibly the right
strategy in treating multi-drug resistant pathogens
e.g. MRSA as compared to the purified compound

Isolated from the same extracts.

Quorum sensing inhibition does not kill or inhibit
bacterial growth; the inhibition of pathogenesis of
bacteria could be accomplished without growth
inhibition, thus potentially avoiding selective
pressures for drug-resistance (Quave et al., 2011;
Rasmussen and Givskov, 2006 as cited by Yeo and
Tham, 2012). This study show that ethnobotanicals of
Imugan, Nueva Vizcaya interfere with quorum
sensing expression of virulence factors expression in
S. aureus. All ethanolic extracts of the
ethnobotanicals showed, to some degree, quorum
sensing inhibition in S. aureus, thus, are potential
sources of new drugs in this therapeutic direction to

combat bacterial infections.

Acknowledgements

183 | Limos et al.



The authors would like to acknowledge the
permission and assistance of the people of Imugan,
Sta. Fe, Nueva Vizcaya, Philippines. This piece of
work is dedicated to them. The authors also thank
the following for the use of their laboratories:

Department of Biological Sciences, Central Luzon

State University and the Biological Sciences
Department, De La Salle-Dasmarinas, Cavite,
Philippines.
References

Abe R, Ohtani K. 2013. An Ethnobotanical Study of
Medicinal Plants and Traditional Therapies on Batan
Island, the
Ethnopharmacology. 145(2), 554-565.

Philippines. Journal of

Adonizio AL, Downum K, Bennett BC, Mathee
K. 2006. Anti-Quorum Sensing Activity of Medicinal
Florida.

Ethnopharmacology 105(3), 427-435.

Plants in  Southern Journal  of

Antunes LC, Ferreira RB, Buckner MM, Finlay
BB. 2010. Quorum Sensing in Bacterial Virulence.
Microbiology 156, 2271-2282.
http://dx.doi.org/10.1099/mic.0.038794-0

Asif M, Acharya M. 2012. Quorum Sensing: A
Nobel Target for Antibacterial Agents. Avicenna
Journal of Medicine 2(4), 97-99.
http://dx.doi.org/10.4103/2231-0770.110743

Bowden MG, Chen W, Singvall J, Xu Y,
Peacock SJ, Valtulina V, Speziale P, Hook M.
2005. Identification and Preliminary Characterization
of Cell-Wall-Anchored Proteins of Staphylococcus
epidermidis. Microbiology 151, 1453—1464.

Brown AE. 2011. Benson:
Applications Lab Manual. 8th Ed. The McGraw-Hill

Companies.

Microbiological

Cowan MM. 1999. Plant Products as Antimicrobial
Agents. Clinical Microbiology Reviews 1999; 12(4),
564-582.

2018

Domingo D, Lopez M. 2003. Plantas Con Accién
Antimicrobiana (Plants with Antimicrobial Action).

Revista Espariola de Quimioterapia. 16(4), 385-393.

Foster T. 1996. Chapter 12: Staphylococcus. Medical
Microbiology. 4th Edition. Galveston (TX): University
of Texas Medical Branch at Galveston. Retrieved on
June 12, 2015 from

http://www.ncbi.nlm.nih.gov/books/NBK8448 /repo
rt=printable

Gbadamosi IT. 2012. Evaluation of Antibacterial
Activity of Six Ethnobotanicals Used in the Treatment
of Infectious Diseases in Nigeria. Botany Research

International 5(4), 83-89, 2012 ISSN 2221-3635.

Ghosh R, Tiwary BK, Kumar A, Chakraborty
R. 2014. Guava Leaf Extract Inhibits Quorum-
Sensing and Chromobacterium violaceum Induced
Cells: Whole

Transcriptome Analysis Reveals Differential Gene

Lysis of Human Hepatoma
Expression 9, 9.

http://dx.doi.org/10.1371/journal.pone.0107703.200

1
Gordon RJ, Lowy FD. 2008. Pathogenesis of

Methicillin-Resistant Staphylococcus aureus
Infection. Clinical Infectious Diseases 46, S350-9.

http://dx.doi.org/10.1086/533591

Hong KW, Koh CL, Sam CK, Yin WF, Chan FG.
2012. Quorum Quenching Revisited—From Signal
Decays to Signaling Confusion. Sensors 12, 4661—

4696.

Kateete DP, Kimani CN,Katabazi FA, Okeng A,
Okee MS, Nanteza A, Joloba ML, Najjuka FC.
2010. Identification of Staphylococcus aureus: DNase
and Mannitol Salt Agar Improve the Efficiency of the
Tube Coagulase Test. Annals of Clinical Microbiology
and Antimicrobials 9, 23.

Koh C, Sam C, Yin W, Tan LY, Krishnan T,
Chong YM, Chan K. 2013. Plant-Derived Natural

184 | Limos et al.


http://dx.doi.org/10.1099/mic.0.038794-0
http://dx.doi.org/10.4103/2231-0770.110743
http://www.ncbi.nlm.nih.gov/books/NBK8448/report=printable
http://www.ncbi.nlm.nih.gov/books/NBK8448/report=printable
http://dx.doi.org/10.1371/journal.pone.0107703.g001
http://dx.doi.org/10.1371/journal.pone.0107703.g001
http://dx.doi.org/10.1086/533591

Products as Sources of Anti-Quorum Sensing
Compounds. Sensors 13, 6217-6228.
http://dx.doi.org/10.3390/5130506217

Lebeau C, Vandenesch F, Greenland T, Novick
RP, Etienne J. 1994. Coagulase Expression in
Staphylococcus aureus is Positively and Negatively
Modulated by an agr-Dependent Mechanism. Journal

of Bacteriology 176(17), 5534—5536.

Liu GY. 2009. Molecular Pathogenesis of
Staphylococcus aureus Infection. Pediatric Research.
65(5), 2.

http://dx.doi.org/10.1203/PDR.obo13e31819dc44d

Madigan MT, Martinko JM, Stahl DA, Clark
DP. 2012. Brock Biology of Microorganisms. 13t
California: Benjamin

Edition. San Francisco,

Cummings.

Massey RC, Horsburgh MJ, Lina G, Hook M,
Recker M. 2006. The Evolution and Maintenance of
Virulence in Staphylococcus aureus: A Role for Host-

to-Host Transmission. Nature Reviews. Microbiology

4, 953-958.

Nazzaro F, Fratianni F, Coppola R. 2013.
Quorum Sensing and Phytochemicals. International
Journal of Molecular Sciences 14(6), 12607-12619.

http://dx.doi.org/10.3390/ijms10612607

Novick RP, Geisinger E. 2008. Quorum Sensing in
Staphylococci. Annual Review in Genetics 42, 541—
564.

http://dx.doi.org/10.1146 /annurev.genet.42.110807.
091640

Novick RP, Ross HF, Projan SJ, Kornblum J,
Kreiswirth B, Moghazeh S. 1993. Synthesis of
Staphylococcal Virulence Factors is Controlled by a

Regulatory RNA Molecule. EMBO Journal 12(10),
3967-3975.

2018

Ortez JH. 2005. Disk Diffusion Testing. M. Coyle
(Ed.) Manual of Antimicrobial Susceptibility Testing.

Page 39.

Otto M, Surmuth R, Vuong C, Jung G, Gotz F.
1999. Inhibition of Virulence Factor Expression in
Staphylococcus aureus by the Staphylococcus
epidermisagr Pheromone and Derivatives. FEBS

Letters 450, 257-262.

Quave CL, Plano LRW, Bennet BC. 2011.
Quorum Sensing Inhibitors for Staphylococcus aureus
from Italian Medicinal Plants. Planta Med. 77(2),
188-195.

http://dx.doi.org/10.1055/s-0030-1250145

Rasmussen TB, Givskov M. 2006. Quorum

Sensing Inhibitors: a Bargain of Effects. Microbiology
152, 895-904.

Rezai A, Oyong GG, Borja VB, Inoue M, Abe T,
Tamamura R, Nagatsuka H, Setsu K, Buery
RR. 2011. Molecular Screening of Anti-Quorum
Sensing Capability of Salvadora persica on
Enterococcus faecalis. Journal of Hard Tissue Biology
20(2), 115-124.

https://www.academia.edu/attachments/26054198/

download file.

Rice LB. 2008. Federal Funding for the Study of
Antimicrobial Resistance in Nosocomial Pathogens:
No ESKAPE. Journal of Infectious Diseases. 197(8),
1079—81.

http://dx.doi.org/10.1086/533452

Rutherford ST, Bassler BL. 2012. Bacterial
Quorum Sensing: Its Role in Virulence and
Possibilities for Its Control. Cold Spring Harbor
Perspectives in  Medicine  perspectives in
medicine.cshlp.org 2,012427.

http://dx.doi.org/10.1101/cshperspect.a012427

Senior K. 2014. What are antibiotic resistant

bacteria? Retrieved on March 21, 2015 from

185 | Limos et al.


http://dx.doi.org/10.3390/s130506217
http://dx.doi.org/10.1203/PDR.0b013e31819dc44d
http://dx.doi.org/10.3390/ijms10612607
http://dx.doi.org/10.1146/annurev.genet.42.110807.091640
http://dx.doi.org/10.1146/annurev.genet.42.110807.091640
http://dx.doi.org/10.1055/s-0030-1250145
https://www.academia.edu/attachments/26054198/download_file
https://www.academia.edu/attachments/26054198/download_file
http://dx.doi.org/10.1086/533452
http://dx.doi.org/10.1101/cshperspect.a012427

http://www.typesofbacteria.co.uk/what-are-

antibiotic-resistant-bacteria.html

Song C, Ma H, Zhao Q, Song S, Jia Z. 2012.
Inhibition of Quorum Sensing Activity by Ethanol
Extract of Scutellaria baicalensis Georgi. Journal of
Plant Pathology & Microbiology S7, 001.
http://dx.doi.org/10.4172/2157-7471.S7-001

Srisawat S. 2007. Effect of Some Thai Medicinal
Plant Antibacterial ~ Activity of
and Their Anti-

Extracts on
Periodontopathic ~ Bacteria
Inflammatory Activity and Toxicity to Gingival
Connective Tissue Fibroblast. Prince of Songkla
University. Retrieved from

http://kb.psu.ac.th/psukb/handle/2553/1492

Sulatana B, Anwar F, Ashraf M. 2009. Effect of
Extraction Solvent/Technique on the Antioxidant
Activity of Selected Medicinal

Molecules 14, 2167-2180.

Plant Extracts.

http://dx.doi.org/10.3390/molecules14062167

Tamber S,
Schaertzman JD, Cheung AL, Memmi G. 2010.

Reyes D, Donegan NP,
The Staphylococcus-Specific Gene rsr Represses agr
and Virulence in Staphylococcus aureus. Infection
and Immunity 78(10), 4384-4391.
http://dx.doi.org/10.1128/IA1.00401-10

Tan LY, Yin WF, Chan KG. 2013. Piper nigrum,
Piper betle and Gnetumgnemon - Natural Food
Sources with Anti-Quorum Sensing Properties.

Sensors 13, 3975-3985.
http://dx.doi.org/10.3390/s130303975

Thoendel M, Kavanaugh JS, Flack CE,
Horswill AR. 2011. Peptide Signaling in the
Staphylococci. Chemical Reviews 111(1), 117-151.

http://dx.doi.org/10.1021/cr1i00370n

Tiwari P, Kumar B, Kaur M, Kaur G, Kaur H.
2011. Phytochemical Screening and Extraction: A
Review. Internationale Pharmaceutica Sciencia. 1(1),

98-106.

2018

Undan JR, Cruz KJ, Gandalera EE, Abella EA,
David ES, Valentino MJG, Reyes RG. 2014.
Ethnobotanical Studies on Medicinal and Toxic
Plants Among the Three Tribes in Luzon, Philippines.
361 Annual Scientific Meeting. National Academy of
Science and Technology (NAST Philippines).

Uwaezuoke J, Aririatu L. 2004. A Survey of
Antibiotic Resistant Staphylococcus aureus Strains
from Clinical Sources in Owerri. Journal of Applied
Sciences and Environmental Management 8(1), 67-

69.

Voyich JM, Bruaghton KR, Studervant DE,
Whitney AR, Said-Salim B, Porcella SF, Long
RD, Dorward DW, Gardner DJ, Kreiswirth
BN, Musser JM, De Leo FR. 2005. Insights Into
Mechanisms Used by Staphylococcus aureus to Avoid

Destruction by Human Neutrophils. The Journal of

Immunology 175, 3907-3919.

Wang GX. 2010. In vivo Anthelmintic Activity of
Five Alkaloids from Macleaya microcarpa (Maxim)
Fedde Against Dactylogyrus intermedius in Carassius

auratus. Veterinary Parasitology 171, 305—313.

Watkins RR, David MZ, Satala RA. 2012.
Current Concepts on the Virulence Mechanisms of
Methicillin-Resistant Staphylococcus aureus. Journal
of Medical Microbiology 61, 1179-1193.
http://dx.doi.org/10.1099/jmm.0.043513-0
Yarwood JM, Schlievert PM. 2003. Quorum
Sensing in Staphylococcus Infections. Journal of
Clinical Investigation 112(11), 1620-1625.

http://dx.doi.org/10.1172/JCI200320442

Yarwood JM,
Greenberg EP.

Bartles DJ,
2004.

Volper M,
Quorum Sensing in
Biofilms. Journal Of
Bacteriology 186(6), 1838—1850
http://dx.doi.org/10.1128/JB.186.6.1838—1850

Staphylococcus  aureus

Yeo SSM, Tham FY. 2006. Anti-quorum Sensing

and Antimicrobial Activities of Some Traditional

186 | Limos et al.


http://www.typesofbacteria.co.uk/what-are-antibiotic-resistant-bacteria.html
http://www.typesofbacteria.co.uk/what-are-antibiotic-resistant-bacteria.html
http://dx.doi.org/10.4172/2157-7471.S7-001
http://kb.psu.ac.th/psukb/handle/2553/1492
http://dx.doi.org/10.3390/molecules14062167
http://dx.doi.org/10.1128/IAI.00401-10
http://dx.doi.org/10.3390/s130303975
http://dx.doi.org/10.1021/cr100370n
http://dx.doi.org/10.1099/jmm.0.043513-0
http://dx.doi.org/10.1172/JCI200320442
http://dx.doi.org/10.1128/JB.186.6.1838�1850

Chinese Medicinal Plants Commonly Used in South-
East Asia. Malaysian Journal of Microbiology. 8(1),
11-20 ISSN: 2231-7538.

Zahin M, Hasan S, Aqil F, Ahmad Khan MS,
Husain Ahmad I. 2010. Screening of Certain
Medicinal Plants From India for Their Anti-Quorum
Sensing Activity. Indian Journal of Experimental

Biology 48, 1219-1224.

2018

Zarringhalam M, Zarringhalam J, Shadnoush
C, Safaeyand F, Tekiehb E. 2013. Inhibitory Effect
of Black and Red Pepper and Thyme Extracts and
Essential Oils on Enterohemorrhagic Escherichia coli
and DNAse activity of Staphylococcus aureus. Iranian

Journal of Pharmaceutical Research 12(3), 363-369.

187 | Limos et al.



