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Abstract

AgrA (Accessory gene regulator) plays a crucial role as a regulator in the agr quorum-sensing system
by controlling the production of virulence factors, including exotoxins and enzymes involved in the
pathogenesis of Staphylococcus aureus. The emergence of resistant strains highlights the urgent need
for alternative therapeutic agents. Therefore, in this study, molecular docking of potential
phytochemicals was performed against AgrA, followed by the evaluation of pharmacokinetic properties,
allergenicity, and toxicity. Binding free energies were predicted using AutoDock Vina 1.5.6. Diosgenin,
stigmasterol, hypericin, and betulin exhibited strong binding interactions with critical residues of AgrA,
while colchicine, procyanidin B2, and quinine interacted with the transcriptional activation site of AgrA
with high binding affinities, forming significant hydrogen bond interactions. The non-toxic, non-
allergenic, and favorable pharmacokinetic properties of these compounds suggest that these
phytochemicals could be developed into drugs for use in combination with antibiotics as adjuvants or
synergists, pending further in vitro and in vivo evaluation.
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Introduction

Staphylococcus aureus is an opportunistic pathogen and a major public health burden, affecting millions
of people worldwide. The spectrum of infections ranges from mild skin infections to severe and
persistent conditions such as sepsis, infective endocarditis, and endogenous infections associated with
significant morbidity and mortality (Tong et al., 2015). S. aureus produces toxic shock syndrome toxin-
1 (TSST-1), a bacterial superantigen that activates CD4* T cells and induces the production of large
quantities of cytokines, resulting in systemic toxic responses (Heyer et al., 2002; Wardenburg et al.,
2007).

The growing concern surrounding S. aureus infections is driven by increasing resistance to B-lactam
antibiotics, including methicillin, as well as to daptomycin, linezolid, ceftaroline, trimethoprim,
vancomycin, and mupirocin (Turner et al., 2019). Among these, methicillin-resistant Staphylococcus
aureus (MRSA) represents a major contributor to healthcare-associated infections.

The increasing prevalence of resistant sfrains underscores the need to develop alternative therapeutic
approaches. A quorum-sensing (QS)-based antivirulence strategy would be ideal, as the quorum-
sensing system in Staphylococcus aureus regulates virulence, biofilm formation, colonization, and
pathogenesis. This system is governed and modulated by the staphylococcal accessory regulator (Sar)
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and the accessory global regulator (Agr) cascades. The Agr regulator is upregulated upon reaching a
specific cell density and plays a central role in controlling quorum sensing. The QS system utilizes
oligopeptides as signaling molecules to regulate the production of secreted virulence factors. The agr
locus consists of RNA Il and RNA Il transcripts driven by two distinct promoters and is further divided
into four components: agrB, agrD, agrC, and agrA (Bronner, Monteil & Prévost, 2004).

In this context, targeting the conserved C-terminal region of the LytTR domain of AgrA in
Staphylococcus aureus would be optimal, as it plays a critical role in DNA binding within the P2—P3
promoter region of the agr operon. When the extracellular concentration of autoinducing peptide (AIP)
reaches a specific threshold, the agr system is activated. The P2 and P3 promoters, along with several
other transcriptional targets, are activated when AgrC phosphorylates AgrA following AIP binding
(Queck et al., 2008). The autoinducing peptide (Al) is an eight—amino acid peptide encoded by the agrD
gene, and the accumulation of Als to a threshold concentration is required for activation of the
transcriptional regulator. This process subsequently triggers the expression of multiple genes
responsible for the production of virulence factors.

Therefore, suppression of AgrA can effectively reduce virulence, rendering the pathogen more
susceptible to both the host immune response and antibiotic treatment. Consequently, the development
of agr antagonists through cross-inhibition of autoinducing peptides (Als) could attenuate the virulence
of staphylococcal pathogens. Accordingly, in this study, a library of phytochemical compounds was
screened against the target AgrA gene, followed by evaluation of their pharmacokinetic, allergenicity,
and toxicity properties.

Materials and Methods
Protein and Ligand retrieval

The structure of Agr A (PDB ID: 4G4K) was derived from the RCSB PDB (https://www.rcsb.org/). The
PDB structure was modeled using the Swiss-Model tool (https://swissmodel.expasy.org/), and the
three-dimensional structures of 100 Plant-derived compounds showing wound healing properties were
derived from PubChem (https://pubchem.ncbi.nim.nih.gov/). The Open Babel software retrieved all
compounds from PDB structures (O'Boyle et al., 2011).

Pharmacokinetic Properties

The Swiss ADME tool was used to predict pharmacokinetic properties of the selected compounds
(http://www.swissadme.ch/). Molecular weight, the number of hydrogen bond acceptors and donors,
Lipophilicity (Log po/w using ILOGP), water solubility, Gastrointestinal (Gl) absorption, blood-brain
barrier (BBB) permeability, and Skin permeation (Log kp) were analyzed. Additionally, the potential
inhibition of CYP1A2 was assessed. Drug likeness was evaluated using Lipinski’s rule of five, and the
bioavailability score was determined (Daina et al., 2017).

Molecular Docking

Molecular docking of plant-derived ligands with the target protein AgrA was performed using AutoDock
1.5.6. The three-dimensional structures of the ligands were prepared in PDB format and converted to
PDBQT format using AutoDock tools. The AgrA structure in PDB format was processed with AutoDock
tools to remove water molecules, add polar hydrogens, assign Kollman charges, and convert it to
PDBQT format. Blind docking was employed to explore all potential binding sites across the protein
surface. A grid box was manually defined to encompass the entire protein, and the grid parameter file
(gpf) was generated using AutoDock 1.5.6 to produce the required grid maps for docking. Subsequently,
the docking parameter file (.dpf) was prepared using AutoDock tools, with the Lamarckian Genetic
Algorithm selected as the search algorithm. Docking was carried out, and the resulting .dlg files were
analyzed. The optimal binding conformation for each ligand was selected based on the lowest binding
energy and the number of favorable interactions formed. The final protein—ligand complexes were
visualized and analyzed for significant interactions using Discovery Studio Visualizer (Vivek-Ananth et
al., 2020).
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Allergenicity and Toxicity Prediction

Allergenicity prediction of the selected compounds was performed using the ChAIPred web server,
which employs machine learning algorithms to identify potential allergenic compounds
(https://webs.iiitd.edu.in/raghaval/chalpred/) (Sharma et al., 2021). Toxicity prediction of the selected
compounds was conducted using the ProTox 3.0 web server, which evaluates potential toxic effects
based on chemical properties (https://tox.charite.de/) (Banerjee et al., 2024).

Results
Molecular Docking

In this study, the binding energies of several plant-derived compounds were determined using AutoDock
molecular docking analysis. Diosgenin exhibited the highest binding affinity (-10.94 kcal/mol), followed
by stigmasterol (-10.32 kcal/mol). Other compounds with notable binding affinities included hypericin
(-9.82 kcal/mol), lupeol (-9.71 kcal/mol), betulin (-9.66 kcal/mol), withaferin A (-9.60 kcal/mol),
ginsenosides (-9.37 kcal/mol), callophyloide (-9.25 kcal/mol), celastrol (-9.06 kcal/mol),
cryptotanshinone (-8.92 kcal/mol), tetrandrine (-8.79 kcal/mol), medacassic acid (-8.70 kcal/mol),
tetrahydrocannabinol (-8.63 kcal/mol), calocedrin (-8.52 kcal/mol), taspine (-8.48 kcal/mol),
oxymatrine (-8.48 kcal/mol), and carnosol (-8.40 kcal/mol). Significant binding affinities were also
observed for catechin (-7.97 kcal/mol), apigenin (-7.96 kcal/mol), savinin (=7.94 Kkcal/mol),
sanguinarine (-7.92 kcal/mol), naringenin (-7.91 kcal/mol), pinocembrin (-7.78 kcal/mol), and
gallocatechin (-7.78 kcal/mol). Among the 100 compounds evaluated, these compounds demonstrated
the highest binding affinities, suggesting that they may serve as promising candidates for further in silico
analysis. The corresponding binding energy values of these compounds are presented in Table 1.

Hydrogen Bond Interactions

The phytochemicals exhibited characteristic hydrogen-bonding interactions with various amino acid
residues, particularly within the LytTR domain of AgrA. Diosgenin formed hydrogen bonds with His227,
Asp176, and Asn177, whereas stigmasterol interacted with Asp176. Hypericin formed hydrogen bonds
with Asn185, Tyr183, and Thr142, while lupeol did not exhibit any hydrogen-bond interactions. Betulin
established a hydrogen bond with Glu188, whereas callophyloide interacted with Tyr153 and His227.
Withaferin A formed hydrogen bonds with Thr166, Ser165, Lys167, and His227, while celastrol
interacted with Lys146 and Glu144. Cryptotanshinone and taspine both interacted with His227, whereas
tetrandrine interacted with Lys146. Medacassic acid formed hydrogen bonds with Glu144 and Asn185,
while tetrahydrocannabinol interacted with Asp148. Calocedrin formed hydrogen bonds with Lys167
and Asp158, whereas oxymatrine interacted with His227. Carnosol interacted with Asn185, Glu188,
and Lys146, while catechin established hydrogen bonds with Glu144, Tyr183, Tyr156, and Asn185.
These interactions highlight the binding capability of these plant-derived compounds through hydrogen
bonding with key amino acid residues. The hydrogen-bond interactions of the compounds under
investigation are illustrated in Figure 1(a—c) and summarized in Table 1.
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Table 1: Molecular Interaction and Binding Energy of the Compounds Interacting with the Agr A of
Staphylococcus aureus

Sl. Compounds Structure Binding Conventional
No. energy Hydrogen bonds
(Kcal/mol)

1 Diosgenin -10.94 His 227
Asp 176
Asn 177

2 Stigmasterol -10.32 Asp 176

3 Hypericin -9.82 Asn 185
Tyr 183
Thr 142

4 Lupeol -9.71 -

5 Betulin -9.66 Glu 188

6 Ginsenosides -9.37 -
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7 Callophylloide -9.25 Tyr 153
His 227
8 Withaferin A -9.6 Thr 166
Ser 165
Lys 167
His 227
9 Celastrol -9.06 Lys 146
Glu 144
10 Cryptotanshinone -8.92 His 227
11 Tetrandrine -8.79 Lys 146
12 Medecassic acid -8.7 Glu 144
Asn 185
13 Tetrahydrocannabinol -8.63 Asp 148
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14

calocedrin

-8.52

Lys 167
Asp 158

15

Taspine

-8.48

His 227

16

Oxymatrine

-8.48

His 227

17

Carnosol

Asn 185
Glu 188
Lys 146

18

Catechin

-71.97

Glu 144
Tyr 183
Tyr 156
Asn 185

19

Apigenin

-7.96

Glu 188
Asn 185
Tyr 183
Thr 142

20

Savinin

-7.94

Asn 185
Glu 144
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21

Sanguinarine

-7.92

22

Naringenin

-7.91

Asn 185
Tyr 183
Lys 146
Thr 142

23

Pinocembrin

-71.78

Asn 185
Tyr 183
Lys 146

24

Gallocatechin

-71.78

Tyr 183
Asn 185
Glu 144
Tyr 156

25

Quinine

-71.97

Asn 177
Tyr 229

26

ProcyanadinB2

-6.88

Glu 181
Lys 216
Glu 217
Arg 218
Arg 178
GIn 179
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Figure 1: Molecular Interactions between AgrA and Selected Phytocompounds: (a) Diosgenin
Forming Hydrogen Bonds with His227, Asp176, and Asn177; (b) Stigmasterol Showing a Single

Hydrogen Bond with Asp176; (c) Hypericin Interacting with Asn185, Tyr183, and Thr142

Pharmacokinetic Properties

Diosgenin has a Molecular weight of 414.62 g/mol, featuring 3 hydrogen bond acceptors and a single
hydrogen bond donor. It possesses a log Po/w value of 4.49, suggesting moderate lipophilicity and
solubility in water. It demonstrated significant gastrointestinal (Gl) absorption and can cross the blood-
brain barrier (BBB), yet it does not inhibit CYP1AZ2. Its skin permeation coefficient (Log Kp) is measured
to be -4.80 cm/s. Diosgenin adheres to Lipinski’s rule of five with a single infraction (MLOGP > 4.15)
and possesses a bioavailability rating of 0.55.
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Stigmasterol possesses has a molecular weight of 4.12.69 g/mol, featuring 1 hydrogen bond acceptor
and 1 hydrogen bond donor. It has a log Po/w value of 5.08, which increased its lipophilicity. It is slightly
soluble in water but exhibits low gastrointestinal absorption and does not pass through the blood-brain
barrier. It does not block CYP1A2, and its Log kp measures -2.74 cm/s. Stigmasterol violated Lipinski’s
rule as MLOGP exceeds 4.15 and possesses a bioavailability score of 0.55. The pharmacokinetic
characteristics of the other compounds are presented in Table 2.

Table 2: Pharmacokinetic Properties of Plant-Derived Compounds

SI. Plant Molecul | Num. | Num. | Lipo Water Gl BBB | CYP Log | Lipin | Bioa

No| Compounds ar H- H- phili | Solubility | Abso | Perm | 1A2 Kp ski vaila

Weight | bond | bond | city rptio | eant | Inhib | (cm/ bility

(g/mol) | Acce | Dono n itor s)
ptors rs

1 Diosgenin 414.62 3 1 4.49 | Moderately | High Yes No -4.80 1 0.55
soluble

2 Stigmasterol 412.69 1 1 5.08 | Moderately | Low No No -2.74 1 0.55
soluble

3 Hypericin 504.44 8 6 3.10 Poorly Low No No -5.32 2 0.17
soluble

4 Lupeol 426.72 1 1 4.72 Poorly Low No No -1.90 1 0.55
soluble

5 Betulin 442.72 2 2 4.47 Poorly Low No No -3.12 1 0.55
soluble

6 | Ginsenosides | 444.73 2 2 5.01 Poorly Low No No -2.95 1 0.55
soluble

7 | Callophyloide | 416.47 5 0 3.68 Poorly High No No -5.39 0 0.55
soluble

8 Withaferin A 470.60 6 2 3.24 Soluble High No No -6.45 0 0.55

9 Celastrol 450.61 4 2 3.17 | Moderately | Low No No -4.83 1 0.85
soluble

10 | Cryptotanshin | 296.36 3 0 2.81 | Moderately | High Yes Yes | -5.41 0 0.85
one soluble

11| Tetrandrine 622.75 8 0 5.23 Insoluble High No No -5.37 1 0.55

12 | Medecassic 504.70 6 5 3.04 Soluble High No No -6.28 1 0.56

Acid

13 | Tetrahydroca | 314.46 2 1 4.15 | Moderately | High Yes No -3.27 1 0.55
nnabinol soluble

14 | Calocedrin 368.34 7 1 0.00 | Moderately | High No No -6.35 0 0.55
soluble

15 Taspine 369.37 7 0 3.10 Poorly High No Yes | -6.59 0 0.55
soluble

16 | Oxymatrine 264.36 2 0 1.71 Soluble High Yes No -7.12 0 0.55

17 Carnosol 330.42 4 2 2.93 | Moderately | High Yes No -5.21 0 0.55
soluble

18 Catechin 290.27 6 5 1.33 Soluble High No No -7.82 0 0.55

19 Apigenin 270.24 5 3 1.89 | Moderately | High No Yes | -5.80 0 0.55
soluble

20 Savinin 352.34 6 0 3.14 | Moderately | High Yes Yes | -5.88 0 0.55
soluble

21| Sanguinarine | 332.33 4 0 0.04 Poorly High Yes Yes | -5.17 0 0.55
soluble

22 | Naringenin 272.25 5 3 1.75 Soluble High No Yes | -6.17 0 0.55

23 | Pinocembrin 256.25 4 2 2.1 Soluble High | Yes Yes | -5.82 0 0.55

24 | Gallocatechin | 306.27 7 6 1.47 Soluble High No No -8.17 1 0.55

25 Quinine 324.42 4 1 3.36 | Moderately | High Yes No -6.23 0 0.55
soluble

26 | Procyanidin 578.52 12 10 1.35 Soluble Low No No -8.15 3 0.17

B2
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Allergenicity and Toxicity Prediction

The evaluation of allergenicity and toxicity showed that all examined plant compounds were non-
allergenic and non-toxic. Diosgenin (0.17), Stigmasterol (0.23), Hypericin (0.19), Lupeol (0.25), and
Betulin (0.22) were recognized as non-allergenic substances with no toxic effects, classified within
toxicity classes 4 to 6. In the same manner, Ginsenosides (0.19), Callophyloide (0.24), and Withaferin
A (0.29) displayed non-allergenic characteristics as non-toxic in class 3. Celastrol (0.27),
Cryptotanshinone (0.09), Tetrandrine (0.24), Medacassic acid (0.24), and Tetrahydrocannabinol (0.18)
similarly showed non-allergenic and non-toxic properties. Moreover, Calocedrin (0.25), Taspine (0.28),
Oxymatrine (0.20), Carnosol (0.21), Catechin (0.21), and Apigenin (0.26) were found to be non-toxic
and non-allergenic, with their toxicity classifications between 4 and 6. Additionally, Savinin (0.15),
Sanguinarine (0.21), Naringenin (0.17), Pinocembrin (0.13), and Gallocatechin (0.21) exhibited a similar
pattern, validating their non-allergenic and non-toxic characteristics. The toxicity and allergenicity
profiles of the investigated plant compounds are shown in Table 3.

Table 3: Allergenicity and Toxicity Assessment of Plant-Derived Compounds

S. No Plant compounds Allergenicity Score Toxicity Class
1 Diosgenin Non-allergen 0.17 Non-toxic 6
2 Stigmasterol Non-allergen 0.23 Non-toxic 4
3 Hypericin Non-allergen 0.19 Non-toxic 4
4 Lupeol Non-allergen 0.25 Non-toxic 4
5 Betulin Non-allergen 0.22 Non-toxic 4
6 Ginsenosides Non-allergen 0.19 Non-toxic 5
7 Callophyloide Non-allergen 0.24 Non-toxic 5
8 Withaferin A Non-allergen 0.29 Non-toxic 3
9 Celastrol Non-allergen 0.27 Non-toxic 4
10 Cryptotanshinone Non-allergen 0.09 Non-toxic 6
11 Tetrandrine Non-allergen 0.24 Non-toxic 4
12 Medecassic acid Non-allergen 0.24 Non-toxic 4
13 Tetrahydrocannabinol Non-allergen 0.18 Non-toxic 4
14 calocedrin Non-allergen 0.25 Non-toxic 4
15 Taspine Non-allergen 0.28 Non-toxic 4
16 Oxymatrine Non-allergen 0.2 Non-toxic 4
17 Carnosol Non-allergen 0.21 Non-toxic 4
18 Catechin Non-allergen 0.21 Non-toxic 6
19 Apigenin Non-allergen 0.26 Non-toxic 5
20 Savinin Non-allergen 0.15 Non-toxic 4
21 Sanguinarine Non-allergen 0.21 Non-toxic 4
22 Naringenin Non-allergen 0.17 Non-toxic 4
23 Pinocembrin Non-allergen 0.13 Non-toxic 4
24 Gallocatechin Non-allergen 0.21 Non-toxic 6
25 Quinine Non-allergen 0.18 Toxic 3
26 ProcyanadinB2 Non-allergen 0.17 Non-toxic 5
Discussion

The agr quorum-sensing gene represents an optimal drug target for inhibiting Staphylococcus aureus,
as its deletion leads to reduced virulence and plays a critical role in the early stages of abscess
formation (Abdelnour et al., 1993; Booth et al., 1995; Das et al., 2016; Gajdacs & Spengler, 2019; Wright
Il et al., 2005). By regulating toxin production and key pathogenic processes in S. aureus, the Agr
quorum-sensing (QS) system represents a viable target for non-antibiotic therapeutic interventions
(Yamaguchi et al., 2024). Accordingly, in this study, the AgrA gene of Staphylococcus aureus was
targeted using phytocompounds through an in-silico approach to inhibit quorum sensing and regulate
biofilm formation. The compounds evaluated interacted with the AgrA LytTR domain (Asp137 to 1le238)
by forming two or three hydrogen bonds. These interactions involved residues ranging from Glu141 to
[le238 in the A chain or from Ser139 to 11238 in the B chain. Notably, none of the compounds interacted
with residues involved in conserved salt bridge formations, including Glu141-Arg195, Asp157-His208,
Asp193-Arg195, Asp157-Arg195, and His174—-Glu226. Additionally, the apo AgrA protein adopted a
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B—B—B sandwich fold, consistent with previous observations in the DNA-bound state. Overall, this study
presents a novel strategy for quorum-sensing inhibition and biofilm control by targeting the conserved
C-terminal LytTR domain of AgrA, providing a mechanistic foundation for the rational design of
antivirulence therapeutics.

This research strongly supports targeting the conserved C-terminal region of the LytTR domain of AgrA
in Staphylococcus aureus, as this region is essential for binding to the P2—P3 promoter region of the
agr operon, which regulates quorum sensing and virulence factor expression (Nicod et al., 2014; Patel
& Rawat, 2023). Notably, the C-terminal loop of AgrA contains a hydrophobic cleft capable of
accommodating small-molecule fragments, and binding at this site has been shown to inhibit the DNA-
binding activity of the protein (Manu et al., 2024). Colchicine, Procyanadin B2, and quinine interacted
with the transcriptional activation site residues Leu171 and Glu181, as well as with the highly conserved
amino acid residue Tyr229, respectively. Additionally, artemisinin exhibited a promising binding profile
through interaction with His227, while catechin interacted with residues such as Glu144, Tyr183, and
Asn185. These hydrogen-bond interactions with key residues are believed to inhibit virulence factor
production and biofilm formation by disrupting the conformational changes required for AgrA activation.
Importantly, compounds including epicatechin, resveratrol, and quercetin also interacted with critical
residues such as Glu144, Asn185, and Tyr183.

Berberine inhibits biofilm formation in methicillin-resistant Staphylococcus aureus by modulating the
expression of the quorum-sensing genes agrA, agrB, agrC, and agrD, which subsequently alters the
production of extracellular proteins and virulence factors (Zhou et al., 2025; Xia et al., 2022). Notably,
molecular docking analyses revealed that neither cineole nor berberine exhibited strong binding
affinities toward key residues within the AgrA active site, suggesting that their inhibitory effects are likely
mediated through indirect mechanisms or upstream regulatory pathways rather than direct interaction
with AgrA. Consequently, the quorum-sensing inhibitors identified in this study may be used as
adjuvants to existing antibiotic therapies (Qader et al., 2025; Ramasamy et al., 2023). Although
colchicine exhibited interactions with the target AgrA, its potential negative effects on the clinical
manifestation of staphylococcal infections—by altering interactions between S. aureus and
osteoblasts—raise concerns regarding its direct therapeutic use. Therefore, further in vitro and in vivo
investigations are required (Baysal et al., 2019). Larch bark procyanidin was shown to inhibit bacterial
growth at a minimum inhibitory concentration of 1.75 mg/mL and to bind within the DNA major groove,
further supporting our findings regarding its interaction with the transcriptional activation site (Li et al.,
2017). Similarly, artemisinin and quinine derivatives have demonstrated substantial antibacterial activity
against Staphylococcus aureus. However, the remaining compounds evaluated in this study have not
yet been explored for antibacterial activity specifically targeting the agr gene. Therefore, further
investigation of these compounds may be promising, as it could contribute to reducing antimicrobial
resistance and mitigating staphylococcal pathogenesis.

Previously identified compounds that inhibit agr-mediated quorum sensing include Savinin (a virulence
inhibitor of S. aureus), its analogues (S. aureus virulence inhibitors), Staquorsin, and a new analog,
triazoloquinazoline derivative (Gordon, Williams, & Chan, 2013; Sully et al., 2014). Savinin has been
shown to bind AgrC, thereby preventing the activation of AgrA, and also to interact directly with AgrA at
a downstream stage of the quorum-sensing pathway. This dual interaction disrupts agr operon activity
and suppresses virulence gene expression in S. aureus (Cui & Kim, 2024; Otto, 2023). Staquorsin,
which contains a phthalazine nucleus, was identified as a suitable substitute for the quinazoline ring of
savinin and demonstrated promising in vitro Agr activity. Similarly, the I-isomer of 3-oxo-C12-HSL 1
inhibited agr with an ICs, value of 22 + 6 uM, whereas the d-isomer 2 was approximately twofold less
active, with an IC5, of 37 £ 9 uM (Murray et al., 2014). Bumetanide interacted with the conserved amino
acid Tyr229 of AgrA, exhibiting 70% AgrA inhibition at 0.1 uM, while also suppressing the expression
of other virulence genes (Touati et al., 2025).

All plant-derived compounds subjected to in silico analysis were found to be non-toxic and non-
allergenic. The limited intestinal absorption of several compounds identified in this study, including
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chrysin and luteolin, may limit their effectiveness as oral medications. However, their bioavailability and
clinical applicability could be enhanced through the use of absorption enhancers or alternative routes
of administration, such as parenteral delivery. In addition, compounds such as Epilobium and catechin
exhibit favorable safety profiles as potential therapeutic agents due to their non-hepatotoxic nature and
lack of interaction with CYP2D6. Similarly, the lead compounds with higher binding energies
demonstrated desirable pharmacokinetic properties.

This study lacks experimental validation, and the evaluation of phytocompounds could be expanded to
include a broader range of bioactive molecules. Compounds exhibiting weaker binding affinities could
also be explored against alternative molecular targets. Additionally, the screened phytochemicals with
promising activity may serve as lead scaffolds for structure-based drug design and optimization,
allowing improvements in binding affinity, selectivity, and pharmacokinetic properties through chemical
modification and molecular dynamics simulations. Therefore, further investigations are required to
compare the efficacy of newly identified compounds with known AgrA inhibitors, such as savinin,
staquorsin, and bumetanide, in order to establish structure—activity relationships and identify potential
synergistic mechanisms.

Overall, the in-silico findings suggest that these plant-derived compounds have strong potential as
inhibitors of the agr quorum-sensing system in Staphylococcus aureus, pending further in vitro and in
vivo validation, either as adjuvants or synergistic agents.

Conclusion

The in-silico results indicate that plant-derived compounds have significant potential as inhibitors of the
AgrA-mediated quorum-sensing system in Staphylococcus aureus; however, as an inherent limitation
of computational screening, these findings require experimental validation through in vitro and in vivo
assays to confirm binding efficacy and biological activity. The identified compounds, which exhibit strong
binding interactions with critical residues involved in AgrA activation, offer a promising strategy to inhibit
pathogenic protein production and biofilm formation. Furthermore, these compounds may enhance the
efficacy of existing antibiotics when used in combination as adjuvants or synergistic agents.
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