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Abstract
This study highlights and combines the advantages of quorum sensing inhibition using scientifically untapped medicinal 
plants, the ethnobotanicals, through an effective drug delivery system, nanotechnology, to develop antivirulence drugs 
to control aquaculture pathogens. The ethnobotanical extracts and biologically synthesized gold nanoparticles of the 
Ilongot-Eǵongot community show antibacterial activity against gram-negative Aeromonas hydrophila. The ethnobotani-
cal crude extracts (CEs) and crude extracts + gold nanoparticles (CEs + AuNPs) exhibit Quorum Sensing Inhibition activity 
through inhibition of the biofilm formation in A. hydrophila. Moreover, ethnobotanical CEs + AuNPs show much greater 
activity than its counterpart CEs in antibacterial and biofilm formation assay in A. hydrophila. Thus, this study supports 
the use of biological synthesis of gold nanoparticles to improved drug delivery which indicate the potential of these 
ethnobotanicals for therapeutic approach in inhibiting bacterial virulence without developing resistance.
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1  Introduction

The intense growth in aquaculture in the past  years has 
led to fish rearing conditions in high densities. Subse-
quently, high rearing conditions in caged culture, cause 
susceptibility of fishes to disease outbreaks caused by 
bacterial pathogens that impact mortality rates and pro-
ductivity efficiency and generate high economic losses to 
aquaculture production [7].

Among the bacterial diseases, Aeromonas is one of the 
most significant fish pathogens influencing aquaculture 
production globally and outbreaks have intensified espe-
cially in farmed fresh water fishes. This pathogen mainly 
infects freshwater fishes with reports on the potential of 
being zoonotic agents that pose potential risks to consum-
ers and possess a range of virulence determinants. The 

expression of their exoproducts is associated with high 
cell densities in the late exponential phase [3, 22].

Deficits from infections caused by emergent bacterial 
diseases on aquaculture are paving the way for discover-
ing antipathogenic agents. The main treatment for the 
control of bacterial diseases in fish includes the use of 
antibiotics [7, 32]. However, the extensive and indiscrimi-
nate use of antibiotics in aquaculture has been implicated 
to the emergence of antibacterial resistance [7] which is 
mainly caused by the treatment of fish diseases in steady 
intensive fish production.

The increasing demand for novel strategies of control-
ling infectious diseases in tilapia addresses the major issue 
of continual development of resistance to antibiotics with 
the extensive presence of antibiotic-resistant bacteria [15]. 
New approaches that take on the concern of antibiotic 
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resistance is through inhibition of quorum sensing (QS), a 
cell–cell communication process that allows an expanding 
bacterial population communities to control gene expres-
sion [13]. This communication system in bacteria has been 
the target to control their pathogenicity and indicates an 
advanced and promising target for antimicrobial drugs 
[36]. As QS contributes to behaviors of bacteria such as 
biofilm development that facilitate bacterial defense 
against antimicrobial compounds, the vital strategic 
approach is to selectively block the control apparatus of 
virulence [35]. Disabling QS circuits with small molecules 
has become the new focus as a potential strategy to pre-
vent bacterial pathogenicity [26] without developing anti-
microbial resistance.

The use of ethnobotanical resources of the Ilongot com-
munity of Maria Aurora, Aurora, Philippines holds a prom-
ising defense against bacterial antibiotic resistance and 
epitomizes a huge potential to the discovery of drugs that 
can append newer application and strategies as alterna-
tive medicine in aquaculture.

To effectively deliver these anti-pathogenic drugs, 
nanotechnology has gained substantial interest and 
applications in drug delivery. Nanotechnology is utilized 
to enhance treatment of diseases due to their reduced 
dimensions, extremely small size and large relative surface 
area [17] while allowing production of non-toxic and eco-
friendly particles. In applications to antimicrobial agents, 
these properties lead to their increased contact with bac-
teria significantly improving bactericidal activity.

2 � Materials and methods

2.1 � Collection of plant samples and extraction 
procedure

Fifteen (15) plant parts from eleven (11) ethnobotanical 
plants at the Ilongot- Eǵongot community of Maria Aurora, 
Aurora, Philippines were collected through the permission 
of the provincial and tribal chieftains [4]. Plant parts were 
cleaned and disinfected. Washed plant materials were air 
dried and pulverized. Fifty (50) grams of each pulverized 
plant material were soaked in 500 ml of 80% ethanol for 
72 h. The mixture was then filtered and subjected to rotary 
evaporator. The ethnobotanical crude extracts (CEs) were 
sterilized by centrifugation at 10,000×g for 30 min, mem-
brane filtration and were stored at 2–8 °C prior to use.

2.2 � Biological synthesis of AuNPs using 
Ilongot‑Egongot ethnobotanicals

The biological synthesis of AuNPs was done following 
the protocol of  Fernando et al. [12] with modifications. 

Ethnobotanical extract was mixed with 10–3 M gold chlo-
ride individually for the synthesis of AuNPs. The mixture 
was incubated under dark conditions at room temperature 
with constant stirring for 60 min until it turned into pink 
red color indicating the formation of CE + AuNPs and to 
ensure the stability of the nanoparticles. The CE + AuNPs 
obtained from the solution were purified by centrifugation 
to remove the water soluble biomolecules.

2.3 � Characterization of CE + AuNPs and UV–visible 
spectroscopy analysis

The synthesized CE + AuNPs were kept stationary in dark 
for all concentrations and evaluated visually for probable 
colloid, aggregate or precipitate formation to ensure that 
the synthesized CE + AuNPs were stable. The synthesized 
CE + AuNPs was analyzed by UV–Vis Spectroscopy analy-
sis using Nano drop spectrophotometer by evaluating the 
excitation due to the applied electromagnetic field and 
absorption values were recorded.

2.4 � Disk‑diffusion assay for antibacterial activity 
of ethnobotanical CEs and CE + AuNPs against A. 
hydrophila

Sterile paper discs (6 mm) with 20 µl of CEs and CE + AuNPs 
were dispensed individually and air dried. Prepared media 
on petri plates of Mueller–Hinton agar swabbed with A. 
hydrophila were used. Air-dried disc was individually 
seeded on plates in a three-plant per plate manner with 
five (5) replications. Sterile distilled water served as nega-
tive control; Tetracycline was used as the positive control. 
Plates were incubated at 37 °C for 24 h. Plant extracts with-
out antibacterial activities were used in the detection of 
quorum sensing inhibition through modified virulence 
assays.

2.5 � Microtiter plate biofilm formation assay

The effect of plant extracts on the attachment phase of 
biofilm formation was measured using microtiter plate 
assay. Briefly, 180 μl of overnight cultures of A. hydrophila 
added with 20 μl of CEs or CE + AuNPs individually in trip-
licates were dispensed in each well and incubated at 30 °C 
for 40 h [9]. MH Broth with A. hydrophila treated with dis-
tilled water served as the positive control.

After incubation, the microtiter plates were rinsed with 
sterile distilled water, air dried for 45 min and stained with 
150 μl of 1% crystal violet solution. Plates were rinsed to 
remove excess stain and biofilm production was quan-
tified by adding 200 μl of 95% ethanol to destain the 
wells and OD values was measured. Growth inhibition 
were then quantified using MultiSkan FC, UV–visible 
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Spectrophotometer of Thermo Scientific at 595 nm to 
evaluate the biofilm formation.

2.6 � Gene expression analysis

Plant extracts from the QSI virulence assay in A. hydrophila 
that showed significantly lower OD values in biofilm for-
mation was chosen for the quantification of gene expres-
sion and RNA extraction was done using the Promega 
protocol with some modifications. Plant extracts with 
QSI activity against A. hydrophila was subjected to rela-
tive gene expression analysis. The expression of AhyR in 
A. hydrophila were determined to evaluate QSI activity 
through qRT-PCR analysis.

Amplifications of specific primers for AhyR and internal 
standard 16S rRNA (Table 1) with qRT-PCR program as fol-
lows: 1 cycle at 42 °C for 5 min and 95 °C for 2 min for initial 
denaturation, followed by 45 cycles at 95 °C for 20 s for 
denaturation, 55 °C for 20 s for annealing and 72 °C for 20 
s for the extension were used.

3 � Results and discussions

3.1 � Biological synthesis of AuNPs using 
Ilongot‑Egongot ethnobotanical CEs

Fifteen (15) CE + AuNPs were successfully synthesized fol-
lowing the protocol of Fernando et al. [12]. The change in 
color from yellowish to pink red indicates the formation 
of CE + AuNPs in the solution due to excitation of surface 
Plasmon vibration in the metal nano particles (NPs) con-
firmed by the UV-spectroscopy analysis.

3.2 � Characterization of CE + AuNPs and UV–visible 
spectroscopy analysis

The synthesized CE + AuNPs were kept stationary in dark 
condition and evaluated visually. Colloid, aggregate and 
precipitate formation were not observed. It was then 
monitored by UV–visible spectroscopy by analyzing the 
excitation due to the applied electromagnetic field and 
absorption values. Surface Plasmon Resonance (SPR) 

peaks attained in UV–Vis spectroscopy is one of the versa-
tile techniques to confirm the formation of metal NPs and 
it was generated due to the coherence of electrons on the 
surface of AuNPs.

The study of Emmanuel et al. [11] demonstrated that 
the decrease in the conjugation length and intensities of 
AuNPs indicates the decrease in particle size. Hence, the 
CE + AuNPs conjugation length and intensities decreased 
from 595 to 544 nm which signifies the decrease in size. As 
depicted form spectra, the color change in reaction from 
yellowish to pink red and decreased conjugation length 
confirms the formation of CE + AuNPs [25, 27].

3.3 � Antibacterial activity of plant extracts 
against Aeromonas hydrophila

Disk diffusion assay was performed to determine the anti-
bacterial activity of 15 CEs and 15 CE + AuNPs to select the 
qualified extracts for the quorum sensing inhibition (QSI) 
assay.

Against A. hydrophila, only one CE, Cassia alata leaves, 
showed antibacterial activity as well as ten CE + AuNPs 
namely: Mikania micrantha; Premna odorata leaves; P. 
odorata bark; C. alata; Cymbopogan winterianus; Phyllan-
thus urinaria; Dillenia philippinensis bark; Hydrocotyle vul-
garis; Ceiba pentandra; Eleusine indica roots (Table 2). Each 
plant extract in the study should not exhibit clearing to 
rule out antibacterial-mediated decrease in virulence fac-
tor production, which was required for accuracy of the 

Table 1   The primers and the sequences used in gene regulation 
analysis

Primers Sequences

AhyR F 5′ TAG​GAT​CCT​CGG​TTC​ACG​CTC​GGT​ATGG 3′ Bi et al. [5]
AhyR R 5′ TGG​AAT​TCA​CTG​CTC​ACC​CCC​CTT​GGC 3′ Bi et al. [5]
16S F 5′ AGG​TTG​ATG​CCT​AAT​ACG​TA 3′ Bi et al. [5]
16S R 5′ CGT​GCT​GGC​AAC​AAA​GGA​CAG 3′ Bi et al. [5]

Table 2   Antibacterial activity of plant extracts against Aeromonas 
hydrophila 

(+)  with antibacterial activity; (−) without antibacterial activity

CE CE + AuNPs

S. jamaicensis leaves − −
M. micrantha Kunth. leaves − +
P. odorata Blanco leaves − +
P. odorata Blanco bark − +
C. alata leaves + +
C. winterianus Jowit. − +
P. urinaria L. leaves − +
D. philippinensis Rolfe bark − +
D. philippinensis Rolfe leaves − −
H. vulgaris L. leaves − +
U. lobata L. leaves − −
C. pentandra leaves − +
E. indica L. roots − +
E. indica L. leaves − −
D. esculentum − −
Tetracycline + +
Sterile distilled water − −
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subsequent assays. Since no antibacterial activity or no 
zone of bacterial inhibition was noted in fourteen (14) eth-
nobotanical CEs and five (5) CE + AuNPs against A. hydroph-
ila these extracts qualified for the biofilm virulence assay.

Each plant extract in the study should not exhibit 
clearing to rule out antibacterial-mediated decrease in 
virulence factor production, which was required for accu-
racy of the subsequent assays. Only plant extracts without 
antibacterial activities were used in the detection of quo-
rum sensing inhibition through modified virulence assays. 
The antibacterial activity of C. alata against A, hydrophila 
confirms previous reports. Khan et al. [16] observed the 
antibacterial effect of C. alata leaves, stem, flowers and 
root bark against 28 bacterial and fungal species includ-
ing Gram-negative and Gram-positive bacteria. Other 
reported activities and traditional uses of C. alata leaves 
include treatment for ringworm, liver diseases [31], wound 
healing [28], analgesic [29] and treatments for gastrointes-
tinal problems as well as haemorrhoids and constipation 
[31].

This antimicrobial activity of C. alata may be accounted 
to its active constituents. C. alata contains alquinone, 
3,5,7,4-tetrahydroxy flavone and flavonoid glycosides [34]. 
The observed antibacterial effect of CE + AuNPs may be 
accounted to their reduced particle size enabling efficient 
delivery [11].

The high efficiency of plant extracts conjugated with 
AuNPs is explained by the mechanism on the hydrophobic 
nature of bacterial cell membrane made of phospholip-
ids and glycoproteins that may facilitate the transfer of 
drug loaded with AuNPs, which are hydrophilic, across 
the membrane efficiently [33, 37–39]. The interference of 
nanoparticles with growth-signaling pathway inside the 
cell via tyrosine phosphorylation modulation of growth 
essential peptides substrate inhibits the bacterial growth 
[18].

3.4 � Inhibitory effect of plant extracts on biofilm 
formation

The extracts for the QSI screening should not exhibit inhi-
bition of bacterial growth to rule out antimicrobial-medi-
ated decrease in virulence factor production in the later 
tests, which is required for accuracy of the subsequent 
assays. Hence, CEs and CE + AuNPs that did not exhibit 
antibacterial activity were qualified for the screening of 
quorum sensing inhibition (QSI).

3.5 � CEs against A. hydrophila biofilm formation

Significant inhibition of biofilm formation in A. hydroph-
ila was observed in the CEs of 13 plants namely H. vul-
garis (0.066); M. micrantha (0.067); D. philippinensis bark 

(0.064); C. pentandra (0.066); C. winterianus (0.063); U. 
lobata (0.065); D. philippinensis leaves (0.066); P. odorata 
bark (0.065); S. jamaicensis (0.070); E. indica roots (0.066); 
D. esculentum (0.093); P. odorata leaves (0.071); E. indica 
leaves (0.069); P. urinaria (0.062) in which it showed lower 
optical density (OD) values compared to the control (no 
extract) with a value of 0.218 mg/ml.

3.6 � CEs + AuNPs against A. hydrophila biofilm 
formation

Five (5) CE + AuNPs showed significantly lower OD values 
than the control as well as compared to the OD values 
of ethnobotanical CEs: U. lobata (0.058); D. philippinensis 
leaves (0.060); S. jamaicensis (0.059); D. esculentum (0.063) 
and E. indica leaves (0.060). A number of CE + AuNPs 
showed antibacterial activity against A. hydrophila, 
hence, the lower number in treatments showing QSI in 
CE + AuNPs is prevalent as compared to CEs (Fig. 1).

3.7 � CEs versus CEs + AuNPs in A. hydrophila biofilm 
formation

The observed lower biofilm formation of CEs + AuNPs as 
compared to ethnobotanical CEs against A. hydrophila 
(Table 3), indicating the improved delivery system of the 
compounds through the reduction of particle size and 
increased surface area of the nanoparticles which ena-
bles the efficient penetration of the nanoparticle in the 
cell membrane of the bacteria [37, 38].

Aeromonas, a model bacterium for biofilm research, live 
attached to biofilms on biotic surfaces which contributes 
to its virulence. Natural biofilms are developed and dif-
ferentiate themselves to build a packed community and 
embedded in a polymeric extracellular matrix of their own 
production that contains channels involved in the circula-
tion of nutrients and water [10].

A.hydrophila is one of the opportunistic bacterial path-
ogens on tilapia aquaculture and an extensive range of 
diseases are attributed to their bacterial biofilms that har-
bor some inherent degree of structural heterogeneity in 
response to chemical gradients and adaptation to local 
microenvironments, including Motile Aeromonas Septice-
mia (MAS), Hemorrhagic Septicemia and Red-Sore Disease 
[40]. Thus, its mode of action is by repressing several sur-
face that mediate contact with the host matrix [42]. The A. 
hydrophila surface α-glucan independent of the lipopoly-
saccharides (LPS) also improves biofilm formation [24]. 
The divalent cation and its transporter mgtE are directly 
involved in adherence to epithelial cells in swarming and 
in biofilm formation of A. hydrophila [23].

The suppression of virulence factors such as biofilm 
formation may indicate constraint in the QS mechanism 
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of the bacteria upon exposure to the ethnobotanical CE. 
The virulence of the fish bacterial pathogen A. hydrophila is 
through multifactorial expression [2] and can be interfered 
to attenuate the bacterial pathogenicity. Virulence factors 
in Aeromonas include extracellular enterotoxins, endotox-
ins, haemolysins, cytotoxins, proteases, S-layer, fimbriae, 
adhesins and biofilm formation [14, 41]. Hence, the mecha-
nism of inhibition, however, cannot be elucidated but may 
be assumed in manners such as (1) inhibition of AHL auto-
inducer synthesis, (2) enzymatic destruction of AHLs mol-
ecules and (3) interference with signal receptors or block-
age of formation of receptor complex. These strategies, 
similarly can be applied to the inhibition of AIPs-mediated 
quorum sensing in gram-positive bacteria [19].

It is worthy to note that a number of CEs and all of the 
CE + AuNPs showed QSI. Fourteen (14) ethnobotanical CEs 
and five (5) CE + AuNPs showed significant lower biofilm 

formation than the control in gram-negative bacteria. All 
of the CE + AuNPs significantly lowered biofilm formation 
than its counterpart CEs against A. hydrophila, indicating 
the improved delivery system of the compounds through 
the reduction of particle size and increased surface area 
of the nanoparticles. This facilitates efficient entry of the 
compounds across the phospholipids and glycoproteins 
that make up the cell membrane [33, 37–39].

3.8 � AhyR in Aeromonas hydrophila as affected 
by CEs and CEs + AuNPs

AhyR showed downregulated expression in CEs and 
CE + AuNPs against A. hydrophila confirming the results 
in biofilm quantification. All plant extracts that showed 
biofilm formation inhibition in the virulence assay have 
significantly lower AhyR expression (Fig. 2).

The CEs and CE + AuNPs may prevent the expression of 
the QS-regulated gene but minimal expression of genes 
linked in biofilm formation were shown in the CEs + AuNPs 
of U. lobata, D. philippinensis leaves, S. jamaicensis leaves 
and E. indica leaves (Table 4) which connotes maximal inhi-
bition of QS in the gram-negative bacteria, A. hydrophila. 
The downregulated expressions of the QS-related gene, 
AhyR in A. hydrophila involved in the production of 
homoserine lactone, may have acted by interrupting the 
QS system or by deregulating the synthesis of homoser-
ine lactone thereby inhibiting the formation of bacterial 
biofilms.

The AhyI and AhyR genes comprise a divergon with a 
62 bp intergenic region that contains a 12 bp symmetrical 
sequence making it a potential binding site for AhyR that 
can interact and function as both a positive and negative 

Fig. 1   Mean optical density 
(OD) measurements of biofilm 
formation assay in A. hydroph-
ila using CEs and CE + AuNPs
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Table 3   Mean optical density (OD) measurements of biofilm forma-
tion assay in A. hydrophila using CEs versus CE + AuNPs

Means with the same superscripts on the same row are not signifi-
cantly different

Bold means showed significantly lowered biofilm formation

Aeromonas hydrophila biofilm formation

Crude extracts CE + AuNPs

U. lobata 0.065a 0.058b

D. philippinensis leaves 0.066a 0.060b

S. jamaicencis leaves 0.070a 0.059b

D. esculentum 0.093a 0.063b

E. indica (leaves) 0.069a 0.060b

Control 0.220a 0.220a
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regulator of AhyI [21]. Moreover, AhyR is not required for 
the transcription of AhyI but performs to control both 
timing of AhyI expression that greatly contributes into 
the formation of biofilm and turnover of AhyI in station-
ary phase inhibits the expression of the virulence factor, 
biofilm formation. This may mean that the components 
in CEs and CE + AuNPs may have blocked the pathway for 
AhyR marked by its significant downregulation and con-
firming the phenotypic characters exhibited in the biofilm 
formation assay.

A clear approach to screen the action of compounds is 
to prevent the signal molecules from being synthesized 
by the AHL synthase and it is possible that AhyR controls 
the production of a protease responsible for controlling 
AhyI levels in stationary phase on the biofilm formation, 
therefore blocking the QS-system on the bacterial patho-
gen. In this case, the failure of producing AHL resulted the 
bacterial community to disabled the communication even 

in a quorum concentration, hence, QS-controlled genes 
will not be activated and allowing the community to exist, 
but the mechanism is in silence [35].

AhyR coordinates pathogenicity in gram-negative bac-
teria, such as in A. hydrophila, [1] and activates virulence 
genes AhyI, AhyRI, gyrA and gyrC [30]. Hence, if QSI com-
pounds can prevent AhyR expression, then other genes 
in the QS cascade would be controlled as well, including 
those involved in biofilm formation [8].

It has been found that these virulence system recep-
tors can be inhibited from producing chemical signals by 
mimicking their structure therefore confusing the quorum 
sensing of the bacteria, as may be exhibited when these 
plant extracts were applied [20].

The gene expression values of AhyR as affected by 
the ethnobotanicals CE and CE + AuNPs was significantly 
downregulated thereby exhibiting antagonistic effect on 
AhyR signifying that it can interact and function as a regu-
lator of ahyI [21]. When the pathway for AhyR is blocked, 
many other virulence productions formed by other sig-
nal receptors may also be affected due to the overlap-
ping mechanisms of such receptors. As AhyR behaves 
as a repressor of ahyI, it is projected to bind DNA in the 
absence of AHLs and to disassociate in the presence of 
C4-HSL [6].

4 � Conclusion

The study supports the use of biological synthesis of gold 
nanoparticles to improved drug delivery which indicate 
the potential of these ethnobotanicals for therapeutic 

Fig. 2   Mean Ct values of ahyR 
gene in A. hydrophila with CEs 
and CE + AuNPs. All CE + AuNPs 
showed significantly lowered 
expression of AhyR gene
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Table 4   Mean Ct values of ahyR gene in Aeromonas hydrophila with 
CEs and CE + AuNPs

Means with the same superscripts on the same row are not signifi-
cantly different

Bold means showed significant downregulation of ahyR gene

A. hydrophila Gene expression Analysis

Crude extracts CE + AuNPs

U. lobata leaves 1.440a 0.521b

D. philippinensis leaves 1.223a 0.225b

S. jamaicencis leaves 8.141a 1.239b

E. indica leaves 1.047a 0.349b

CONTROL 29.132a 29.132a
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approach in inhibiting bacterial virulence of aquatic path-
ogen without developing resistance.
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