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Abstract 

   
Staphylococcal infections are among the most common hospital-acquired infections worldwide. Quorum sensing 

in bacterium is vital to their pathogenicity and the use of quorum sensing inhibition (QSI) compounds reveals 

opportunities to target virulence without developing resistance and suggests a strategic approach to develop 

drugs against pathogenic bacteria.  Ethnobotanical crude extracts (ECEs) of the Ilongot community of Aurora 

province, Philippines were tested for the QSI activity against coagulase formation in the reference strain 

Staphylococcus aureus. Antibacterial testing of extracts was done as pre-screening for coagulase formation.  

Extracts were evaluated through tube coagulase assay for coagulase formation. Molecular confirmation of 

quorum sensing inhibition as affected by the ECEs was done through gene expression analysis of agrA. 

Antibacterial activity was observed in Urena lobata leaves, Dillenia philippinensis leaves and Diplazium 

esculentum. Coagulation was inhibited in tubes treated with crude extracts of Dillenia philippinensis bark, 

Stachytarpeta jamaicensis leaves, and Eleusine indica roots therefore, exhibiting QSI activities against S. 

aureus. S. jamaicensis leaves. E. indica roots and D. philippinensis bark significantly downregulated agrA 

therefore, confirming the QSI activity. The results indicate the potential of these ethnobotanicals for therapeutic 

approach in inhibiting bacterial virulence without developing resistance. 
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Introduction 

Staphylococcus aureus is known as a lethal 

pathogenic bacteria that possesses virulence factors 

such as toxins like Panton–Valentine leukocidin 

(PVL); adhesins, immunomodulators and enzymes 

like coagulase (Watkins et al., 2012). This pathogen is 

also the leading cause of nosocomial infections, 

endocarditis and bacteremia (Boucher et al., 2010) 

while severe manifestations could cause pyomyositis, 

osteomyelitis, necrotizing pneumonia, sepsis and 

necrotizing fasciitis (Bassetti et al., 2011; Changchien 

et al., 2011; Kechrid et al., 2011; Kreienbuehl et al., 

2011; Burdette et al., 2012).   

 

One of the factors that contribute to S. aureus 

virulence is the quorum-sensing controlled secretion 

of coagulase (Rasmussen and Givskov, 2006). 

Coagulase is a polypeptide that binds to and activates 

prothrombin that converts fibrinogen to fibrin of 

muscular tissue and induce clotting of plasma or 

blood (Cheng et al., 2010). This enzyme binds tightly 

to the surface of the pathogen and coats its surface 

with fibrin upon contact with blood, this fibrin clot 

protects the bacterium from phagocytosis and enables 

the it to isolate itself from other defenses of the host, 

therefore helping the said pathogen to become 

resistant to human immune response (DeLeo et al., 

2009; Tortora et al., 2013). 

 

The discovery of quorum-sensing (QS) and quorum 

sensing inhibition (QSI) provides a promising 

potential to control pathogenicity in S. aureus.  The 

use of QSI agents is a viable approach to disrupt the 

cellular communication and therefore preventing the 

pathogen to become virulent (Smith and Iglewski, 

2003).  

 

One group of plants, particularly the ethnobotanicals, 

can be potentially tapped to develop of QSI agents 

due to their numerous bioactive compounds with 

medicinal properties (Damle and Sharon, 2017).  A 

few ethnobotanicals in the Philippines have shown to 

control virulence factors in pathogenic bacteria 

(Barrogo et al., 2015; Limos et al., 2015; Cruz et al., 

2018) and thus, the search of new ethnobotanicals 

from ethnic communities in the Philippines as 

potential QSI agents has been gaining interest. This 

study screened the ethnobotanicals from the 

Philippine Ilongot community for their potential in 

QSI against coagulase secretion, with molecular 

confirmation through agrA expression in S. aureus. 

 

Materials and methods 

Collection of plant samples 

Plants included in this study were based on the survey 

done by Balberona et al.(2018).  The plant samples 

collected from the Ilongot-Egongot community in 

Sierra Madre Mountains of Bayanihan, Maria Aurora, 

Aurora, Philippines include Hydrocotyle vulgaris 

leaves, Mikania micrantha leaves, Dillenia 

philippinensis bark and leaves, Ceiba pentandra 

leaves, Cymbopogon winterianus leaves, Cassia alata 

leaves, Urena lobata leaves, Premna odorata bark 

and leaves, Stachytarpeta jamaicensis leaves, Elusine 

indica roots and leaves, Diplazium esculentum whole 

plant and Phyllanthus urinaria whole plant. 

 

Preparation of ethanol extracts 

Samples were cleaned by rinsing in running tap 

water, disinfected with 70% (v/v) and rinsed in 

distilled water three times.  Washed plant materials 

were cut into small pieces (2-3 cm) and air dried. 

Dried plant materials were ground to fine particles 

using sterile electric grinder. Fifty (50) grams of each 

ground dried plant material were soaked in 500 ml of 

80% 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. Sterilization of the extracts 

were accomplished through centrifugation of the 

mixture at 10,000 x g for 30 minutes, and then 

filtration using a membrane filter with a pore 

diameter of 0.45 μm(Srisawat, 2007). 

 

Preparation of bacterial culture 

The stock cultures were revived using Mueller-Hinton 

Broth (MHB). Working stock cultures were grown 

and maintained on Mueller-Hinton Agar (MHA) at 5 

˚C. 
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Antibacterial assay 

Disc diffusion method for antimicrobial susceptibility 

testing was carried out to assess the presence of 

antibacterial activities of the ethnobotanical extracts 

(Rezaei et al., 2011). The 24-hour culture of S. aureus 

in MHB were adjusted to 0.5 McFarland standard. 

Different sterile swabs were dipped into the bacterial 

culture and was aseptically swabbed onto the surface 

of Muller Hinton agar plates evenly. Twenty μl of each 

treatment namely: the ethnobotanical extracts, 

Vancomycin (positive control), and distilled water 

(negative control) were pipetted on different sterile 

discs placed on empty sterile petri dishes and were 

allowed to stand for 30 minutes.  The discs were 

placed equidistantly on the Mueller-Hinton agar 

surface using different sterile forceps. Every petri dish 

contained three extracts, one positive and one 

negative control. The setup was done in triplicates. 

The plates were incubated at 37°C for 24 hours. The 

zone of inhibition was measured after 12 and 24 

hours prior to incubation. Extracts with antibacterial 

properties were eliminated for the succeeding tube 

coagulase assay. 

 

Tube coagulase assay 

The rabbit plasma was rehydrated to reconstitute 

according to the instructions provided in the kit 

(Scharlau Lyophilized Rabbit Plasma Ast No. 064-

PLA-CO). The rehydrated plasma (195 μl) was placed 

in an Eppendorf tube and inoculated with 75 μl of S. 

aureus culture. Thirty (30) μl of each extract were 

aseptically added to the mixture and then incubated 

at room temperature for 24 hours. The formation of 

coagulum would indicate the production of coagulase, 

and hence, negative for QSI.  

 

RNA extraction 

The tubes with positive results for QSI from the 

coagulase assay were extracted for RNA. Samples 

were lysed and homogenized in TRIzol™ Reagent by 

adding 1 ml of TRIzol™ Reagent and incubated for 10 

minutes to permit complete dissociation of the 

nucleoprotein complex. Chloroform (0.2 ml) was 

added per 1 ml of TRIzol™ Reagent used for lysis, and 

then the tubes were securely capped and were 

incubated for 5 minutes. The samples were then 

centrifuged for 15 minutes at 14,000 rpm at 4 ˚C.  

 

The aqueous phase containing the RNA was 

transferred to a new tube by angling the tube at 45˚ 

and pipetting the solution out. For the precipitation of 

the RNA, 500 uL of isopropanol was added to the 

aqueous phase and incubated for 10 minutes and then 

centrifuged for 10 minutes at 12,000 × g at 4°C.  

 

The supernatant was discarded with a micropipette. 

For the washing of the RNA, the pellet was re-

suspended in 1 mL of 75% ethanol and vortexed then 

centrifuged for 5 minutes at 7500 × g at 4°C.  

 

The supernatant was discarded with a micropipette. 

The RNA pellets were air dried for 5–10 minutes. For 

the solubilizing the RNA, the pellet was re-suspended 

in 50 μL of RNase-free water and incubated in a heat 

block set at 60°C for 10–15 minutes. The RNA was 

stored at –80°C freezer until use. 

 

qRT-PCR for agrA expression 

The expression of agrA in S. aureus treated with 

extracts positive for QSI was determined to evaluate 

QSI activity through qRT-PCR analysis.  

 

The qRT-PCR program were as follows: incubation at 

42°C for 5 min for reverse transcription; 1 cycle at 

95°C for 2 min; then 45 cycles at 95°C for 20 s, 55°C 

for 20 s and 72°C for 20 s. KAPA One Step RT-PCR 

kit (KAPA Biosystems) was used for amplifications 

consisting of a mixture of 2.6 HPLC water, 5.0 μl 

KAPA Universal Mix, 0.2 μl dUTP, 0.5 μl of 

reconstituted forward and reverse primers (16S rRNA 

Staph 756F 5’-AACTCTGTTATTAGGGAAGAACA-3’, 

Staph 750R 5’-CCACCTTCCTCCGGTTTGTCACC-3' 

(McClure et al., 2006); agrAF 5’-

CTACAAAGTTGCAGCGATGGA-3’,   agrAR 3’-

TGGGCAATGAGTCTGTGAGA-5’ (Sully et al., 2014)),  

0.2 μl RT Mix, and 1.0 μl RNA template. 16S rRNA 

was used as the internal control. Relative 

quantification of the amplified transcripts was done 

through Bio-Rad CFX96TM Real-Time System 

Thermal Cycler. 



 

36 Salamanca et al. 

 

Int. J. Biosci. 2019 

Statistical analysis  

The Ct values of agrA expression analysis was done 

using LIVAK method of 2(-ΔΔCC(t)) then statistical  

analysis was done through dependent T-test at 5% 

level of significance. 

 

Results and discussion 

Antibacterial Activity of ECEs against S. aureus 

A total of 15 ethnobotanical crude extracts (ECEs) 

were tested for their antibacterial activity against S. 

aureus (Table 1). The antibacterial assay served as 

screening of plant extracts for the succeeding 

virulence assay to rule out antibacterial-mediated 

decrease in virulence factor production. Three crude 

extracts, namely U. lobata leaves, D. philippinensis 

leaves and D. esculentum showed inhibition of S. 

aureus with mean values of 7.98 mm, 8.91 mm and 

15.22 mm inhibition respectively.  

 

Other studies on these plants also reported positive 

antibacterial activity against a range of pathogenic 

bacteria.  

 

Table 1. Quorum sensing inhibition properties of ECEs against S. aureus. 

Ethnobotanical crude extract Coagulase formation QSI 

Hydrocotyle vulgaris + - 

Mikania micrantha leaves + - 

Dillenia philippinensis bark - + 

Ceiba pentandra leaves + - 

Cymbopogan winterianus leaves + - 

Cassia alata + - 

Urena lobata L. leaves with antibacterial activity with antibacterial activity 

Dillenia philippinensis leaves with antibacterial activity with antibacterial activity 

Premna odorata bark + - 

Stachytarpeta jamaicensis leaves - + 

Eleusine indica roots - + 

Premna odorata leaves + - 

Diplazium esculentum with antibacterial activity with antibacterial activity 

Eleusine indica leaves + - 

Phyllanthus urinaria + - 

Legend (+) = Positive/Present; (-) = Negative/Absent. 

 

Three flavonoid compounds isolated from U. lobata 

leaves, such as kaempferol 1, quercetin 2, and 3-O-β-

D-(6″-O-trans-p coumaroyl)-α-L-glucopyranosyl-

kaempferol 3 (tiliroside), showed strong antimicrobial 

activity against Escherichia coli, Bacillus subtilis, 

Klebsiella pneumoniae, Bacillus polyxyma and 

Candida albicans (Adeloye et al., 2007). Triterpenes 

present in D.philippinensis leaves were reported to 

possess significant antimicrobial property (Ragasa et 

al., 2009).  D. esculentum displayed strong 

antimicrobial activity against S. aureus with 11.33 

mm zone of inhibition along with Salmonella typhi, 

and it was found that the extracts, when mixed in 

equal proportion with the antibiotic Tetracycline, 

were proven to be more effective against bacteria than 

the antibiotic alone (Amit et al., 2011; Akter et al., 

2014). Proven to have antibacterial properties, these 

ethnobotanical extracts did not continue with the 

anti-quorum sensing assay. 

 

Phenotypic detection of Quorum Sensing Inhibition 

activity of ECEs Against S. aureus 

One way of testing the QSI property of the crude 

extracts is with tube coagulase assay since S. aureus, 

under active quorum-sensing condition, secretes 

coagulase. Coagulase is known to be an extracellular 

polypeptide that binds to and activates prothrombin 

that converts fibrinogen to fibrin of muscular tissue 

and induce clotting of plasma or blood (Cheng et al., 

2010). 
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Table 2. Phytochemicals present in the ethnobotanicals with QSI activities. 

Ethnobotanical crude extract Phytochemicals/Bioactive compounds Reference 

Dillenia philippinensis Alkaloids, flavonoids, tannins and 

triterpenes 

(Ragasa et al., 2009; Barcelo, 

2015) 

Stachytarpeta jamaicensis Alkaloids, flavonoids, tannins, saponins, 

terpenoids, phenols, steroids and glycoside 

(Idu et al., 2007; Sasidharan et 

al., 2007; Thangiah, 2019) 

Eleusine indica Flavonoids, cyanogenetic glucoside, 

albuminoids, and phenolic compounds 

(Alaekwe et al., 2015; Desai et 

al., 2017) 

 

In this assay, the plasma must not clot nor coagulate 

in order to be positive for QSI activity. Results of the 

assay exhibited that the following tubes with the 

crude extracts of Dillenia philippinensis bark, 

Stachytarpeta jamaicensis leaves and Eleusine indica 

roots showed no clot, thus, were phenotypically 

positive for QSI activity against S. aureus(Table 1). 

 

Molecular Detection of Quorum Sensing Inhibition of 

ECEs against S. aureus 

The mean Ct values shown in Figure 1 revealed that 

the expression of agrA treated with the crude extracts 

of S. jamaicensis leaves (4.439), E. indica roots 

(2.785), and D. philippinensis bark (1.022) were 

significantly lower than the control (10.065), 

therefore confirming the QSI activity.  

 

Bacteria, such as S. aureus, undergo significant 

physiological rearrangements as their population 

density increases (Camilli and Bassler, 2006). The 

corresponding gene regulatory changes are controlled 

by quorum-sensing systems whereas in S. aureus, 

expression of several virulence factors is regulated by 

the agr system, which is composed of two divergent 

operons P3, and P2 where the target gene, agrA is 

found (Queck et al., 2008). This Gram-positive 

bacterial pathogen causes a wide variety of lethal and 

hostile infections in humans. The pathogenic success 

of S. aureus can be attributed to the various array of 

virulence factors, including a large number of cell-

surface bound proteins such as adhesins, 

fibrinogen/fibronectin binding proteins that are 

expressed during colonization of the host, and 

secreted proteins such as haemolysins, proteases, 

lipases that are required for acute infections 

(Dunman et al., 2001; Cheung et al., 2011). The agr 

system manages the phenotypic change in S. aureus 

during infection, which turns the bacterial pathogen 

from adhesive and colonising to tissue damaging and 

invasive (Novick and Geisinger, 2008).AgrA protein 

is the response regulator of the S. aureus quorum 

sensing system and is required for the activation of 

these phenotypic changes (Koenig et al., 2004). 

Therefore, the downregulation of agr operon or 

specifically, the agrA expression which are important 

components the pathogenicity of the bacterium could 

hinder the pathogenic success of S. aureus, at least 

during the acute stage of its infection (Cheung et al., 

2011). 

 

Natural products are highly valued due to their 

therapeutic effects on numerous diseases caused by 

pathogens and are being studied for their bioactivities 

both for therapeutic and ecological roles. Humans 

and animals possess immune systems which naturally 

responds as protection against invaders, while plants, 

on the other hand, which lack these immune systems 

may have evolved to produce their own QSI agents 

that can be utilized for defense against QS pathogens 

(Koh et al., 2013). The downregulation of agrA may 

be due to the numerous secondary metabolites 

present in the plant extracts tested. Alkaloids, 

flavonoids and tannins present in the alcoholic 

extracts of D. philippinensis fruit and E. indica 

(Barcelo, 2015; Alaekwe et al., 2015) possess QSI 

activities against multiple virulence factors of 

clinically isolated P. aeruginosa (Mutungwa et al., 

2015). Rajkumari et al. (2018) reported that 

triterpenes exhibit significant attenuation in the 

production of quorum sensing regulated virulence 

factors which are found in D. philippinensis. 

Moreover, secondary metabolites such as flavonoids 
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and tannins are present in S. jamaicensis leaves (Idu 

et al., 2007; Sasidharan et al., 2007). Listed in Table 

2 are the secondary metabolites found in the plants 

reported to have shown QSI activity against S. aureus. 

 

Pharmacological Potential of the Ilongot 

Ethnobotanical Extracts Against QS in S. aureus 

The emergence of diseases caused by bacterial 

pathogens coupled with multi-drug resistance are one 

of most pressing concerns of the public health sector. 

Thus, increasing demand for novel means of 

controlling infectious diseases caused by these 

pathogens addresses continual development of drug 

resistance (Kalia et al., 2007). The growing popularity 

of quorum-sensing systems in pathogenic bacteria 

give rise to a number of possibilities in manipulating 

these regulatory mechanisms because many bacterial 

pathogens use quorum sensing to regulate virulence 

while studies and strategies are now being designed 

to interfere or disrupt with these signaling systems 

through the use of secondary metabolites (Adonizio et 

al., 2008; Song et al., 2012; Tan et al., 2013). 

 

Fig. 1. Mean Ct values of agrA in S. aureus with ECEs. All extracts showed significantly lowered expression of 

agrA. 

The ethnobotanicals of the Ilongot community of 

Aurora, Philippines, specifically, the D. philippinensis 

bark, S. jamaicensis leaves and E. indica roots may be 

used in development of therapeutic strategies such as 

QSI through battling invasive bacterial pathogens 

such as S. aureus by enabling the inhibition of 

pathogenesis of bacteria such as the coagulase 

formation through disrupting their communication 

by downregulating agrA. These findings provide 

evidences in controlling pathogenic bacteria such as 

S. aureus and can therefore potentially be considered 

and developed as natural anti-pathogenic drug.  
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