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Abstract 

   
The global health issue of antibiotic resistance has brought about the discovery of a promising approach to 

control bacteria without developing resistant strains through quorum sensing inhibition (QSI) compounds. 

Among the most promising sources of novel QSI agents are the ethnobotanicals, plants that are utilized by ethnic 

communities as sources of medicine. Ten ethnobotanicals from the Igorot community of Imugan, Nueva Vizcaya, 

Philippines were screened to determine QSI activity against P. aeruginosa PNCM 1335.The methanolic extracts 

were tested for the presence of antibacterial activity using disk diffusion assay. In the absence of antibacterial 

property, the methanolic extracts were tested for QSI activities in reference to the expression of virulence factors 

swarming motility and pyocyanin production when the extracts were incorporated into the growth media.  None 

of the methanolic extracts showed antimicrobial activity against P.aeruginosa PNCM 1335. All extracts 

manifested effect on swarming motility on the contrary; no methanolic extracts were found to inhibit pyocyanin 

production in P. aeruginosa PNCM 1335. The ethnobotanicals show considerable potential as sources of QS 

inhibitory compounds for new therapeutic direction in preventing pathogenicity without the threat for 

development of bacterial resistance. 

* Corresponding Author: Khristina G. Judan Cruz  karenjudancruz@gmail.com 

International Journal of Biosciences | IJB | 

ISSN: 2220-6655 (Print), 2222-5234 (Online) 

http://www.innspub.net 

Vol. 13, No. 4, p. 173-182, 2018 

 

http://dx.doi.org/10.12692/ijb/13.4.173-182
http://www.innspub.net/


 

174 Barrogo et al. 

 

Int. J. Biosci. 2018 

Introduction 

Eradication of most infectious diseases is based on 

compounds that kill or inhibit the growth of bacteria. 

But a major concern in using this approach is the 

frequent development of bacterial resistance to 

antibiotics which is now considered a global health 

issue. Bacteria can adapt by mutation to the selective 

pressures imposed by antibiotics (Hentzer et al., 

2003) and this emergence of antibiotic-resistant 

bacteria to multiple classes of antibiotics poses a 

major threat to public health (McCormick, 1998). 

Over the last few decades, this threat is exacerbated 

by the failure of drug discovery programs to develop 

new antibacterial agents (Qazi et al., 2006). As a 

result, there is renewed interest in antibacterial 

targets that interrupt the capability of pathogenic 

bacteria to cause infection by attenuating virulence 

(Alksne and Projan, 2000). The findings that many 

bacteria rely on quorum sensing (QS), or cell-to-cell 

communication, mechanisms to synchronize 

microbial activities that are essential for infection and 

survival in the host suggests a promising disease 

control strategy. QS allows bacteria to monitor their 

environment and alter behavior on a population-wide 

scale as a reaction to changes in the number present 

in a community. Using these signal-response systems, 

bacteria synchronize diverse physiological processes 

such as bioluminescence, virulence factor expression, 

antibiotic production and biofilm development (Chen 

et al., 2002).  

 

One promising mechanism that has evolved which 

interferes with bacterial cell- cell communication 

without developing resistant strains is through 

quorum sensing inhibition (QSI). QS-inhibitory 

compounds interfere with bacterial signaling 

molecules and signal biogenesis or signal detection. If 

efforts to coordinate were blocked, bacteria would 

lose their ability to form a systematized assault on the 

host’s immune system or would less be able to mount 

organized community structures that promote 

pathogenesis (LaSarre and Federle, 2013). Studies 

have shown that QSI compounds inhibit the 

expression of QS-controlled behavior, in particular 

the production of extracellular virulence factors and 

inhibit the development of antibiotic-resistant 

biofilms in Pseudomonas aeruginosa, a gram-

negative bacterium (Hentzer et al., 2003). 

Halogenated furanones from the red alga Delisea 

pulchra are the only known anti-QS compounds of 

non-bacterial origin (Manefield et al., 2002). QSI as 

reported by Adonizio et al. (2006) has also been 

found in a number of southern Florida seaweeds 

(Cumberbatch, 2002) and a few terrestrial plants 

(Teplitski et al., 2000; Gao et al., 2003). Still, few of 

higher plants have been studied, and a small number 

has been published with regards to QSI activity in 

medicinal plants. 

 

Natural products are promising sources of quorum 

sensing inhibitory compounds that have the potential 

to inhibit QS regulation in bacteria. Ethnobotanicals 

represent a rich source of these natural products that 

can be antimicrobial and antipathogenic agents. The 

long use of these plants by the ethnic community 

provides a basis for further exploration of a plant’s 

potential antimicrobial and antipathogenic 

compounds. Such compounds, in contrast to 

conventional antimicrobial counterparts, can neither 

be bactericidal nor bacteriostatic and can reduce the 

risk of bacterial resistance to antibiotics. Quorum 

sensing inhibitory compounds are less likely to 

impose a selective pressure for the bacteria to develop 

resistance to antibiotics for the reason that these 

compounds do not kill or inhibit microbial growth but 

interfere bacterial quorum sensing capability that are 

responsible for various physiological processes such 

as virulence factor expression and antibiotic 

production and this suggests a promising disease 

control strategy against pathogenic bacteria 

(McCromick, 1998). 

 

Although ethnobotanicals have rich cultural 

traditions of usage, scientific investigation of these 

plants is still largely unexplored. In addition, 

pharmacological studies of the Philippine flora only 

gained momentum recently (Vital and Rivera, 2011). 

There is increasing interest in ethnobotanicals 

because of their uses and importance. The 

significance of a country’s diverse medicinal plants 
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not only lies in their therapeutic value but also in 

their potential as sources of new chemical compounds 

for drug discovery. Although the Philippines is rich in 

biodiversity and cultural traditions of the usage of 

plants, scientific understanding of these 

ethnobotanicals remains largely unexplored (Vital 

and Rivera, 2011).Since these plants have not yet been 

profoundly explored, they could be tapped and 

studied for the discovery and development of drugs as 

they are locally used as medicinal plants.  

 

Materials and methods 

Collection of plant samples 

Collected ethnobotanicals were pre-determined in a 

survey conducted by Undan et al. (2014) with the 

permission of the community elders. The samples 

were collected from Mount Imanduyan, Brgy. 

Imugan, Sta. Fe, Nueva Vizcaya, Philippines.  The 

plant samples were placed in clean, sealed plastic 

bags and were transported to the laboratory for 

processing. 

 

The identity of the plants was authenticated by an 

expert botanist from the Philippine National Museum 

in Manila, Philippines. Reproductive and vegetative 

parts of the specimens were collected and pressed, at 

least in duplicates, as required for obtaining the 

correct identity. The leaves of Ageratina adenophora 

(Panawel),  Ayapana triplinervis (Pantallion), Bidens 

pilosa(Anwad), Alstonia scholaris (Palay), Sarcandra 

glabra (Hag-ob), Derris elliptica (Opay), 

Pittosporum pentandrum (Lahwik), Cestrum 

nocturnum (Dama de noche),  Oreocnide trinervis 

(Lal-latan) and Lipang daga (no known scientific 

name) were tested for quorum sensing inhibition 

activities.  

 

Methanol Extraction Procedure 

The leaves were rinsed by running tap water to 

completely eliminate foreign matter on the surface. 

This was followed by second rinsing using distilled 

water and then with 70% (v/v) ethanol (Tan et al., 

2013). Washed leaves were air dried in shade instead 

of direct sunlight to avoid losing their active 

constituents (Handa et al., 2008).Dried leaves were 

grounded to fine particles using a grinder (Tan et al., 

2013).Fifty (50) grams of each ground, dried leaves 

were soaked in 500 ml of 80% methanol in a 

stoppered flask for 72 hours. The mixture was then 

filtered using Whatman no.1 filter paper. Methanol 

was then completely removed using a rotary 

evaporator (Tan et al., 2013). The resulting extracts 

were weighed and stored in tightly stoppered sterile 

amber bottles (Srisawat, 2007) at temperatures 

between 0-5 ̊C.  

 

Centrifugation of the extracts was at 10,000 rpm for 

30 minutes followed by sterilization by membrane 

filtration with pore diameter of 0.45 µm (Srisawat, 

2007). The sterility of the extracts was monitored by 

inoculating 100 µl in brain heart infusion agar (BHIA) 

from time to time. The sterile extracts were stored at 

refrigerated temperature at 2-8 ̊C prior to use 

(Srisawat, 2007). 

 

Disk-Diffusion Assay for Antibacterial Activity of 

Plant Extracts on Pseudomonas aeruginosa PNCM 

1335 

Three (3) to five (5) colonies of P. aeruginosa grown 

for 24 hours in BHIA at 37°C were transferred to 

sterile distilled water, and turbidity adjusted to 

McFarland 0.5 standard (~1.5 x 108 CFU/mL). 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 

(modified from Rezaei et al., 2011). 

 

Methanolic extracts were placed on sterile empty 

petri plates, 20 μL of each extract was pipetted onto 6 

mm sterile blank disks (Sterile Blank Disk Hi-Media 

cat# SD067) 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 and were incubated at 37 ̊C for 24 hours.

  

Sterile distilled water served as negative control. 

Norfloxacin (5 μg; Hi-Media cat# SD184) served as 

positive control. Plates were prepared in triplicates. 
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Antibacterial activity is present when there is a clear 

or translucent zone of inhibition around the disks 

(Chenia, 2013). Each plant extract in the study that 

did not exhibit clearing, hence, ruling out possible 

antibacterial-mediated decrease in virulence factor 

production, which is required for accuracy of the 

subsequent assays continued to the evaluation of QSI 

against P. aeruginosa PNCM 1335. 

 

Evaluation of Quorum Sensing Inhibition in 

Pseudomonas aeruginosa PNCM1335 

Pyocyanin Production Assay: Overnight culture of P. 

aeruginosa grown in BHIB was diluted to 0.06 OD at 

600 nm using UV-visible spectrophotometer 

(Beckman CoulterTM, DU®530 Life Science UV/Vis 

Spectrophotometer).  Then, the 4.5 mL of P. 

aeruginosa culture was added with 0.5 ml plant 

extract and incubated for 24 hours at 37°C. The 

treated culture was added with 3 ml of chloroform 

followed by mixing of the chloroform layer with 1 ml 

of 0.2 M HCl. Absorption of the extracted organic 

layer was measured using the UV-visible 

spectrophotometer at 520 nm. Sterile BHIB was used 

as blanks while 4.5 ml of P. aeruginosa culture with 

0.5 ml sterile distilled water was used as control. 

 

Swarming Activity Assay: Ten (10) ml of pre-solidified 

swarming agar containing glucose (1% w/v), 

bactoagar (0.05% w/v), bactopeptone (0.05% w/v) 

and yeast extract (0.02% w/v) was overlaid with 9 ml 

of agar supplemented with 1 ml plant extract. Then, 

the agar was inoculated in the center with an 

overnight culture of P. aeruginosa.  

 

The plate was incubated for 24 hours at 37°C. 

Impaired swarming motility of P. aeruginosa 

indicated QSI activities of the plant extract. 

 

Statistical analysis 

QSI is present in P. aeruginosa if swarming motility 

is inhibited in comparison with the control, and 

pyocyanin production is reduced in the treated 

culture at OD520nm. Significance of the OD 

measurements in pyocyanin production assay was 

determined using Mann-Whitney U, the 

nonparametric counterpart of independent samples t-

test, with P<0.05 considered as statistically 

significant.  

 

Results and discussion 

Disk-Diffusion Assay for Antibacterial Activity of 

Ethnobotanical Extracts  

Absence of zones of inhibition was observed in ten 

(10) methanolic extracts against P. aeruginosa PNCM 

1335, indicating absence of antibacterial activity 

(Table 1). 

 

Table 1. Antibacterial activities of methanolic extracts against P. aeruginosa BIOTECH 1335.Note: (+) with 

antibacterial acitivity (-) no antibacterial activity. 

PLANT EXTRACT Antibacterial activity 

Bidens pilosa  - 

Cestrum nocturnum - 

Pittosporum pentandrum - 

Sarcandra glabra - 

Oreocnide trinervis - 

Lipang-daga - 

Derris elliptica - 

Alstonia scholaris - 

Ageratina adenophora - 

Ayapana triplinervis - 

Sterile Distilled Water (- control)  - 

Norfloxacin (5μg) (+ control) + 
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Pyocyanin Production Assay 

OD measurements in pyocyanin production assay 

were analyzed using Mann-Whitney U, with P< 0.05. 

Some methanolic extracts showed increased 

pyocyanin levels in P. aeruginosa PNCM 1335(Figure 

1). S. glabra showed the highest pyocyanin 

production level at OD520nm of 0.120 mg/ml together 

with Lipang daga, P. pendatrum, A. scholaris, A. 

adenophora but not significant compared to the 

control with 0.053 mg/ml, indicating absence of QSI 

and rather possibly nutritive. Some methanol extracts 

showed a decrease in the pyocyanin production 

however not significant in comparison with the 

control. These were B. pilosa with optical density 

measuring at 0.050mg/ml; O. trinervis, A. 

triplinervis and D.elliptica, all three with optical 

densities measuring at 0.037 mg/ml. 

 

Table 2. QSI activities of ethnobotanical extracts against P. aeruginosaPNCM 1335 swarming motility. 

PLANT EXTRACT QSI 

Bidens pilosa  + 

Cestrum nocturnum + 

Pittosporum pentandrum + 

Sarcandra glabra + 

Oreocnide trinervis + 

Lipang-daga + 

Derris elliptica + 

Alstonia scholaris + 

Ageratina adenophora + 

Ayapana triplinervis + 

Sterile Distilled Water (- control)  - 

 

Swarming Motility Assay 

Ten (10) out of 10 (100%) ethnobotanicals exhibited 

inhibition on swarming motility, a QS- controlled 

phenotype (Table 2).  Swarming is a social 

phenomenon that involves rapid coordinated 

movement of bacteria across a semisolid surface 

(Kohler et al., 2000) that is highly dependent on 

bacterial cell density, nutrient growth medium, and 

surface condition moistness (Tremblay et al., 2007).  

 

Inhibition of swarming motility was observed in all of 

the plates incorporated with methanolic extracts, 

consequently the presence of QSI. Swarming motility 

of P. aeruginosa is evident in all directions on the 

swarming agar plate with distilled water (negative 

control ) while the swarming agar incorporated with 

methanolic extracts, on the other hand, showed 

inhibition of swarming motility of the bacterium after 

16 hours of incubation. 

Pyocyanin production and swarming motility inP. 

aeruginosa are complex phenotypes that involves 

several other traits (Overhage et al., 2007) and the 

results point out that more specific traits need to be 

examined using additional indicators to further 

confirm the QSI effect of ethnobotanicals. 

 

No methanolic extracts in the study significantly 

reduced the production of pyocyanin in P. aeruginosa 

PNCM 1335.In fact, some extracts even increased 

pyocyanin production. This increase may be due to 

the nutritive effects of the plant extracts toward the 

growth of P. aeruginosa, therefore increasing its 

proliferation and pyocyanin production. Pyocyanin 

(PCN) is a blue redox-active secondary metabolite. 

Despite in vitro studies demonstrating that PCN 

interferes with multiple cellular functions, its 

importance during clinical infection is uncertain 

(Lauet al., 2004).  

http://www.ncbi.nlm.nih.gov/
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The ethnobotanical extracts proved to be effective in 

inhibiting swarming motility in P. aeruginosa PNCM 

1335.  Swarming of P. aeruginosa is a proven quorum-

sensing mediated phenotype (Köhler et al., 2000 as 

cited by Priya et al., 2013). Swarmer cells of P. 

aeruginosa are hyperflagellated and elongated 

compared to the normal single-flagellum and short 

vegetative cells (Fraser and Hughes, 1999). P. 

aeruginosa requires flagella and type IV pili to swarm 

(Kohler et al., 2000). It also produces biosurfactants 

such as rhamnolipids and 3-(3-hydroxyalkonoyloxy) 

and alkanoic acids (HAAs), that are also involved in 

swarming motility, as they aid in overcoming the 

surface tension between bacterial cells and their 

environment (Caiazza et al., 2007; Tremblay et al., 

2007).

 

Fig. 1. Mean OD measurement of pyocyanin production in Pseudomonas aeruginosa PNCM 1335.  

These ethnobotanicals contain substances or 

phytochemicals that possibly inhibited swarming. The 

percentage of ethnobotanicals producing substances 

with QSI properties is higher in the present study 

than reported in the other ethnobotanical screenings 

whereby only six (6) out of 50 plants (12%) screened 

showed QSI (Adonizio et al., 2006). This suggests 

that the QSI activity of ethnobotanicals on bacteria is 

more ubiquitous and diverse and that there is distinct 

potential for further work on ethnobotanical species 

in this area of research. Although plant extracts 

substantially inhibited swarming in P. aeruginosa 

PNCM 1335, it was observed that they have little or no 

effect on pyocyanin production and some, such as S. 

glabra, even induced the production of pyocyanin in 

the bacteria. It appears that the compounds present 

in the ethnobotanical extracts may have different 

spectra of effects from beneficial, as in pyocyanin 

synthesis, to inhibitory, e.g. in swarming. 

Phytochemicals with proven QSI activities such as 

gamma aminobutyric acid (GABA), curcumin, 

furocoumarins, flavanones, flavonoids, flavonols, 

ursolic acid, rosmarinic acid, salycilic acid, urolithin, 

chlorogenic acid, aromatic compounds and furanones 

(Nazzaro et al., 2013), tannins (Taganna et al., 2011) 

and polyphenols (Huber et al., 2003; Riedel et al., 

2006; Sarabhai et al., 2013; Cragg et al., 1997) can be 

found in the ethnobotanicals under study. In 

addition, phytochemical analysis revealed that 

methanol can extract alkaloids, flavonoids and other 

secondary metabolites like tannins, saponins, 

steroids, cardiac glycosides (Parekh and Chanda 

2007; Anyasor et al., 2010); and flavonoids, phenols, 

anthraquinones, cardiac glycosides and terpenoids 

(Anyasor et al., 2010; Parekh and Chanda 2007). The 

presence of the phytochemicals in the 

ethnobotanicals could be one of the possible reasons 

for the QSI against P. aeruginosa. 
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The ethnobotanical extracts may have also affected 

the transcription of genes responsible for swarming 

motility. P. aeruginosa as a major pathogen has 

evolved numerous QS circuits, which modulate the 

production of various toxins and regulate parallel QS 

systems (Martin et al., 2008). The sophisticated 

hierarchical QS network consisted of sets of 

connected systems such as las, iqs, pqs and rhl. 

Among the four, las and rhl circuits activate the 

expression of QS-responsive genes responsible for 

some key protein or virulence factors such as 

pyocyanin, together with elastase, protease, exotoxin 

A, alkaline protease, rhamnosyl-transferases, lectin 

and hydrogen cyanide (Lee and Zhang, 2014). These 

QS-responsive genes constitute nearly 10% of P. 

aeruginosa genome, and therefore accounts for a 

majority of the physiological processes and virulence 

phenotypes (Schuster and Greenberg, 2006).  

 

The mechanisms of inhibition are not precise in any 

manner such as 1) inhibition of AHL autoinducer 

synthesis, 2) enzymatic destruction of AHLs 

molecules by AHL-acylase and AHL-lactonase, and 3) 

interference with signal receptors or blockage of 

formation of autoinducer/receptor complex (Lade et 

al., 2014). Likewise, it was also discovered by Tamber 

et al. (2010); Rutherford and Bassler (2012), and Otto 

et al. (1999) that control of virulence gene expression 

can be done at the level of transcription and 

translation. As a consequence, it can be deduced that 

the methanolic extracts may have affected the 

mechanism of flagella and pili that aids in swarming 

activity in P. aeruginosa. At this level, it is also 

possible that the extracts antagonized the 

biosurfactant such as rhamnolipids and alkanoic 

acids of P. aeruginosa interrupting the swarming 

capability of the bacteria. However, the substance/s 

that is/are present in the extracts that inhibit 

swarming activity of P.aeruginosa are not identified. 

The verification of these possibilities is beyond the 

coverage of this research. 

 

Not much research has been reported on the 

ethnobotanicals in the Philippines that show QSI 

activity. Researches targeting bacterial QS in 

ethnobotanicals are largely unexplored at present, 

hence, this offers additional area of research on plants 

with pharmacological potential leading towards drug 

development. Many natural substances including 

those extracted from ethnobotanicals have been 

evaluated for their ability to interfere with quorum 

sensing. The ethnobotanicals showed considerable 

potential as sources of QS inhibitory compounds for 

new therapeutic direction in preventing pathogenicity 

without the threat for development of bacterial 

resistance. 

 

Acknowledgements 

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. This research was funded by the 

Department of Science and Technology- Accelerated 

Science and Technology Human Resource 

Development Program (DOST-ASTHRDP), 

Philippines. 

 

References 

Adonizio AL, Downum K, Bennett BC, Mathee 

K. 2006. Anti-Quorum Sensing Activity of Medicinal 

Plants in Southern Florida. Journal of 

Ethnopharmacology 105, 427-435.   

 

Alksne NE, Projan SJ. 2000. Bacterial virulence as 

a target for antimicrobial chemotherapy. Current 

Opinions in Biotechnology 11(6), 625-36. PMID: 

11102800. 

 

Ansayor GN, Osilesi O, Adebawo O. 2014. 

Proximate composition, mineral content and in vitro 

antioxidant activity of leaf and stem of Costus afer 

(Ginger lily). Journal of Intercultural 

Ethnopharmacology. 2014 Jul-Sep; 3(3), 128–134. 

Published online 2014 May 27. PMCID: PMC4566670 

http://dx.doi.org/10.5455/jice.20140527085848. 

http://dx.doi.org/10.5455/jice.20140527085848


 

180 Barrogo et al. 

 

Int. J. Biosci. 2018 

Caiazza NC, Merritt JH, Brothers KM, O’Toole 

GA. 2007. Inverse Regulation of Biofilm Formation 

and Swarming Motility by Pseudomonas aeruginosa 

PA14. Journal of Bacteriology 189, 3603–3612. 

 

Chen X, Schauder S, Potier N, Dorsselaer AV, 

Pelczer I, Bassler B, Hughson FM. 2002. 

Structural Identification of a Bacterial Quorum-

Sensing Signal Containing Boron. Nature. 415, 545-

549. 

 

Chenia HY. 2013. Anti-Quorum Sensing Potential of 

Crude Kigelia Africana Fruit Extracts. Sensors 13, 

2802-2817.  

http://dx.doi.org/10.3390/s130302888802 

 

Cragg GM, Newman DJ, Snader KM. 1997. 

Natural Products in Drug Discovery and 

Development. Journal of Natural Products 60, 52–

60.  

 

Cumberbatch A. 2002. Characterization of the 

anti-quorum sensing activity exhibited by marine 

macroalgae of South Florida. In: Mathee, K. (Mentor), 

Undergraduate Honors Thesis. Florida International 

University. 

 

Fraser GM, Hughes C. 1999. Swarming Motility. 

Current Opinions in Microbiology 2, 630–635. 

 

Gao J, Geddes J, Tomita H. 2003. Quorum 

Sensing Activity: A New Concept of Antimicrobial 

Chemotherapy Breaks Antibiotic Resistance. 

Frontiers in Microbiology 2013; 4, 114.  

http://dx.doi.org/10.3389/fmicb.2013.00114. 

 

Handa SS, Khanuja SP, Longo G, Rakesh DD.  

2008. An Overview of Extraction Techniques for 

Medicinal and Aromatic Plants. Extraction 

Technologies for Medicinal and Aromatic Plants. 

Trieste, Italy: International Center for Science and 

High Technology.  

 

Hentzer M, Wu H, Andersen JB,Riedel 

K,Rasmussen T, Bagge N, Kumar N, Schembri 

MA, Z. Song Z, Kristoffersen P, Manefield M, 

Costerton JW, Molin S, Eberl L, Steinberg P, 

Kjelleberg S, Hoiby N, Givskov M. 2003. 

Attenuation of Pseudomonas aeruginosa virulence by 

Quorum Sensing Inhibitors. The EMBO Journal 15, 

3803-3815 

 

Huber B, Eberl L, Feucht W, Polster J. 2003. 

Influence of Polyphenols on Bacterial Biofilm 

Formation and Quorum-Sensing. Z. Naturforsch 58, 

879–884.  

 

Kohler T, Curty LK, Barja F, Vandelden C, 

Peche JC. 2000. Swarming of Pseudomonas 

aeruginosa Is Dependent on Cell-to-Cell Signaling 

and Requires Flagella and Pili. Journal of 

Bacteriology (182), 21.5990-5996. 

 

La Sarre B, Federle MJ. 2013. Exploiting Quorum 

Sensing to Confuse Bacterial Pathogens. Microbiology 

and Molecular Biology Reviews 77, 73-111. 

 

Lade H, Paul D, Kweon JH. 2014. Quorum 

Quenching Mediated Approaches for Control of 

Membrane Biofouling. International Journal of 

Biological Sciences 10(5), 550-565 (2014).  

 

Lau GW, Hassett DJ, Ran H, Kong F. 2004. The 

Role of Pyocyanin in Pseudomonas aeruginosa 

Infection. Trends in Molecular Medicine 10, 599-606. 

 

Lee J, Zhang L. 2015. The Hierarchy Quorum 

Sensing Network in Pseudomonas aeruginosa. 

Protein & Cell 6(1), 26-41.  

http://dx.doi.org/10.1007/s13238-014-0100-x 

 

Manefield M, Rasmussen TB, Hentzer M, 

Andersen JB, Steinberg P, Kjelleberg S,  

Givskov M. 2002. Halogenated Furanones Inhibit 

Quorum Sensing through Accelerated LuxR Turnover. 

Microbiology 148, 1119-1127. 

 

Martin SJ, Taylor RC, Cullen SP. 2008.  

Apoptosis: controlled demolition at the cellular level. 

http://dx.doi.org/10.3390/s130302888802
http://dx.doi.org/10.3389/fmicb.2013.00114
http://dx.doi.org/10.1007/s13238-014-0100-x


 

181 Barrogo et al. 

 

Int. J. Biosci. 2018 

Nature Reviews Molecular Cell Biology 9(3), 231-41. 

PMID: 18073771. 

 

McCormick JB. 1998. Epidemiology of 

Emerging/re-emerging Antimicrobial-Resistant 

Bacterial Pathogen. Current Opinion in Microbiology 

125-129. 

 

Nazzaro F, Fratiani F, Coppola R. 2013. Quorum 

Sensing and Phytochemicals. International Journal of 

Molecular Sciences 14, 12607- 12619. 

http://dx.doi.org/10.3390/ijms140612607. 

 

Otto M, Surmuth R, Vuong C, Jung G, Gotz F. 

1999. Inhibition of Virulence Factor Expression in 

Staphylococcus aureus by the Staphylococcus 

epidermis agr Pheromone and Derivatives. FEBS 

Letters 450(1999), 257-262. 

 

Overhage J, Lewenza S, Marr AK, Hancock 

REW. 2007. Identification of Genes Involved in 

Swarming Motility using a Pseudomonas aeruginosa 

PAO1 mini-Tn5-lux mutant library. Journal of 

Bacteriology 189, 2164–2169. 

 

Parekh J, Chanda SV. 2007. In vitro antimicrobial 

activity and phytochemical analysis of some Indian 

medicinal plants. Turkish Journal of Biology 2007; 

31, 53-58. 

 

Priya K, Yin W, Chan K. 2013. Anti-Quorum 

Sensing Activity of the Traditional Chinese Herb, 

Phyllanthus amarus.  Sensors 2013, 13, 14558-14569, 

http://dx.doi.org/10.3390/s131114558 

 

Qazi SB, Middleton B, Muharram SH, 

Cockyane A, Hill P, O’Shea P, Chhabra SR, 

Camara M, Williams P. 2006. N-Acylhomoserine 

Lactones Antagonize Virulence Gene Expression and 

Quorum Sensing in Staphylococcus aureus. Infection 

and Immunity  910-919. 

 

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.  

 

Riedel K, Kothe M, Kramer B, Saeb W, 

Gotschlich A, Ammendola A, Eberl L. 2006. 

Computer-Aided Design of Agents that Inhibit 

the Cep Quorum-Sensing System of Burkholderia 

cenocepacia. Antimicrobial Agents and 

Chemotherapy 50, 318–323. 

 

Rutherford ST, Bassler BL. 2012. Bacterial 

Quorum Sensing: Its Role in Virulence and 

Possibilities for Its Control. Cold Spring Harbor 

Perspectives in Medicine2012; 2:a012427.  

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

 

Sarabhai S, Sharma P, Capalash N. 2013. Ellagic 

Acid Derivatives from Terminalia chebula Retz. 

Downregulate the Expression of Quorum Sensing 

Genes to Attenuate Pseudomonas aeruginosa PAO1 

virulence. PLoS One 2013, 8, e53441. 

 

Schuster M, Greenberg EP. 2006. A Network of 

Networks: Quorum Sensing Gene Regulation in 

Pseudomonas aeruginosa. International Journal of 

Medical Microbiology 296, 73–81. 

 

Srisawat S. 2007. Effect of Some Thai Medicinal 

Plant Extracts on Antibacterial Activity of 

Periodontoathic Bacteria and their Anti- 

Inflammatory Activity and Toxicity to Gingival 

Connective Tissue Fibroblast. Prince of Songkla 

University.  

 

Taganna JC, Quanico JP, Perono RM, Amor 

EC, Rivera WL. 2011. Tannin-Rich Fraction From 

Terminalia catappa Inhibits Quorum Sensing (QS) in 

Chromobacterium violaceum and the QS-Controlled 

Biofilm Maturation and LasA staphylolytic Activity in 

Pseudomonas aeruginosa. Journal of 

Ethnopharmocology 134(3), 865-71.  

http://dx.doi.org/10.1016/j.jep.2011.01.028 

 

http://dx.doi.org/10.3390/ijms140612607
http://dx.doi.org/10.3390/s131114558
http://dx.doi.org/10.1101/cshperspect.a012427
http://dx.doi.org/10.1016/j.jep.2011.01.028


 

182 Barrogo et al. 

 

Int. J. Biosci. 2018 

Tamber S, Reyes D, Donegan NP, Schartzman 

JD, Cheung AL, Emmi G. 2010. The 

Staphylococcus-Specific Gene rsr Represses agr and 

Virulence in Staphylococcus aureus. Infection and 

Immunity 78(10), Oct. 2010, p 4384-4391.  

http://dx.doi.org/10.1128/IAI.00401-10. 

 

Tan LY, Yin WF, Chan KG. 2013. Piper 

nigrum,Piper betle and Gnetum gnemon – Natural 

Food Sources with Anti-Quorum Sensing Properties. 

Sensors 13, 3975-3985 (2013).  

 

Teplitski MJ, Robinson B, Bauer WD. 2000. 

Plants Secrete Substances That Mimic Bacterial N-

Acyl Homoserine Lactone Signal Activities and Affect 

Population Density-Dependent Behaviors in 

Associated Bacteria. Molecular Plant-Microbe 

Interactions. 2000, 13, 637–648.  

 

Tremblay J, Richardson AP, Le´Pine F, 

De´Ziel. 2007 E. Self-Produced Extracellular Stimuli 

Modulate the Pseudomonas aeruginosa Swarming 

Motility Behaviour. Environmental Microbiology 9, 

2622–2630. 

 

Undan JR, Cruz KJ, Gadndalera EE, Abella 

EA, DAvid ES, Valentino MJG, Reyes RG.  2014. 

An Ethnobotanical Expedition of Plants With 

Pharmacological Potential Used by the Igorot Tribe of 

Imugan, Sta. Fe, Nueva Vizcaya, Philippines. Central 

Luzon State University, Science City of Muñoz, Nueva 

Ecija. (Unpublished). 

 

Vital P, Rivera W. 2011. Antimicrobial activity, 

Cytotoxicity and Phytochemical Screening of 

Voacanga globosa (Blanco) Merr. Leaf Extract 

(Apocynaceae). Asia Pacific Journal of Tropical 

Medicine 4, 824 – 828. 

 

Waters C, Bassler B. 2005. Quorum Sensing: Cell- 

to-Cell Communication in Bacteria. The Annual 

Review of Cell and Developmental Biology 319-346. 

 

http://dx.doi.org/10.1128/IAI.00401-10

