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Abstract 

Context: Roselle (Hibiscus sabdariffa L.) contains flavonoids such as quercetin-3'-O-glucoside and delphinidin-3-O-sambubioside, which have potential 
antibacterial and immunomodulatory properties, and may act as an antibacterial, antioxidant, and anti-inflammatory agent. Molecular docking simulations 

were employed to study the binding affinity of the compounds with bacterial pathogen-associated molecular patterns (PAMPs), peptidoglycan, flagellin, dectin, 

and lipopolysaccharides (LPS) and with immune-related Toll-like receptors (TLRs) (TLR-1, TLR-2, TLR-4, and TLR-6). A dual mode of action, involving the 

inhibition of bacterial virulence and the induction of the host immune response, suggests that these compounds are promising drug candidates against 

multidrug-resistant bacterial infections. 

Aims: To investigate the molecular docking interactions of quercetin-3'-O-glucoside, delphinidin-3-O-sambubioside, and cyanidin-3-O-sambubioside from H. 

sabdariffa with peptidoglycan, flagellin, dectin, LPS, and TLRs (TLR-1, TLR-2, TLR-4, and TLR-6). 

Methods: Ligand data were retrieved from PubChem and docked to PAMPs (peptidoglycan, flagellin, dectin, LPS) and TLRs (TLR-1, -2, -4, -6). absorption, 

distribution, metabolism, excretion, and toxicity profiling were conducted via SwissADME and ProTox. 

Results: Quercetin-3'-O-glucoside and delphinidin-3-O-sambubioside showed the most favorable binding affinities and low toxicity, outperforming standard 
antibiotics in docking affinity. These compounds have shown promise as immunomodulators, given their strong negative binding with key TLRs and their 

efficient inhibition of bacterial PAMPs, including LPS and flagellin. These active compounds are suggested for adjunctive treatment of Gram-negative bacterial 

infections. 

Conclusions: These flavonoids may serve as potential therapeutic candidates due to their dual action abilities, which interfere with bacterial virulence factors 

and modulate the host immune response.  

Keywords: antibacterial; herbal; infectious disease; medicine; pathogen-associated molecular pattern. 

 

Resumen 

Contexto: El rosellero (Hibiscus sabdariffa L.) contiene flavonoides como quercetin-3'-O-glucósido y delfinidin-3-O-sambubiósido, con propiedades 
antibacterianas e inmunomoduladoras. Estos compuestos se investigaron mediante simulaciones de acoplamiento molecular para evaluar su afinidad de unión 

con patrones moleculares asociados a patógenos (PAMPs) como peptidoglicano, flagelina, dectina y lipopolisacáridos (LPS), así como con receptores 

inmunológicos tipo Toll (TLRs: TLR-1, -2, -4, -6). 

Objetivos: Investigar las interacciones moleculares de acoplamiento de quercetin-3'-O-glucósido, delphinidin-3-O-sambubiósido, y cyanidin-3-O-sambubiósido 

de H. sabdariffa con peptidoglicano, flagelina, dectina, LPS, y TLRs (TLR-1, TLR-2, TLR-4, y TLR-6). 

Métodos: Los datos del ligando se recuperaron de PubChem y se acoplaron a PAMPs (peptidoglicano, flagelina, dectina, LPS) y TLRs (TLR-1, -2, -4, -6). Los perfiles 

de absorción, distribución, metabolismo, excreción y toxicidad se realizaron mediante SwissADME y ProTox. 

Resultados: La quercetina-3'-O-glucósido y la delfinidina-3-O-sambubiósido exhibieron las afinidades de unión más favorables y una baja toxicidad, superando 

incluso a antibióticos estándar en el acoplamiento. Estos compuestos demostraron un gran potencial como inmunomoduladores, inhibiendo eficazmente 

PAMPs bacterianos como LPS y flagelina, y mostrando una fuerte unión con TLRs clave. 

Conclusiones: Estos flavonoides pueden servir como potenciales candidatos terapéuticos debido a sus capacidades de acción dual, que interfieren con los 

factores de virulencia bacteriana y modulan la respuesta inmune del huésped. 

Palabras Clave: antibacteriano; hierbas; enfermedad infecciosa; medicina; patrón molecular asociado a patógenos. 
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INTRODUCTION 

Antibiotic resistance represents a growing global 
health concern due to the diminishing effectiveness of 
conventional antibiotics. Recent attention has shifted 
toward plant-derived bioactive compounds with an-
timicrobial and immunomodulatory properties as 
alternative therapeutic agents. Among these, com-
pounds extracted from Hibiscus sabdariffa L. have 
demonstrated potential antibacterial and anti-
inflammatory activity (Nada et al., 2022; Zhou et al., 
2022). 

H. sabdariffa (family Malvaceae), commonly known 
as roselle, is a popular plant on account of its phar-
macological qualities, and numerous bioactive com-
pounds found in H. sabdariffa blossoms are well-
known for their medicinal benefits. H. sabdariffa blos-
soms are rich in flavonoids, anthocyanins, and other 
bioactive components, substances that have been 
shown to have a number of pharmacological effects, 
including antibacterial, anti-inflammatory, and anti-
oxidant qualities (Khan et al., 2022). Previous research 
has found that H. sabdariffa blossoms nanoemulsion 
extract may be effective in treating periodontopatho-
gen-related periimplantitis caused by Aggregatibacter 
actinomycetemcomitans, Porphyromonas gingivalis, 
Prevotella intermedia, and Fusobacterium nucleatum 
(Abdillah et al., 2025). Furthermore, as demonstrated 
by Idrus et al. (2020), H. sabdariffa blossoms extract has 
anti-inflammatory properties that prevents bone re-
sorption caused by lipopolysaccharides (LPS) in 
Wistar rats (Rattus novergicus). 

Although the antibacterial activity of these H. 
sabdariffa blossoms compounds is well documented, 
the exact methods through which they work in im-
mune regulation and bacterial virulence factors re-
main unclear. Pathogen-associated molecular patterns 
(PAMPs), such as LPS, dectin, flagellin, and pepti-
doglycan, possess certain structural and functional 
traits that have a major influence on the pathophysi-
ology of bacterial infections. They are identified by 
the host immune system using pattern recognition 
receptors (PRRs). Toll-like receptors (TLRs) and other 
PRRs mediate the host’s immune system’s ability to 
recognize these substances. TLRs, such as TLR1, 
TLR2, TLR4, and TLR6, are essential for initiating 

immune responses to bacterial infections because they 
initiate downstream signaling pathways that promote 
inflammation and pathogen clearance (Duan et al., 
2022). 

The dual mode of action of natural chemicals, 
which involves both a direct decrease in bacterial 
pathogenicity and activation of the human immune 
response, is made possible by their capacity to inter-
act with these targets. The antibacterial qualities of 
four important phytochemicals from H. sabdariffa 
blossoms, trimethylgossypentin, quercetin-3'-O-
glucoside, delphinidin-3-O-sambubioside, and cya-
nidin-3-O-sambubioside, were examined in this 
study. Molecular docking simulations were also used 
to evaluate the binding affinities of these compounds 
with immune-related TLR-1, TLR-2, TLR-4, and TLR-
6, as well as with bacterial PAMPs, including pepti-
doglycan, flagellin, dectin, and lipopolysaccharide. 
Furthermore, to examine the pharmacokinetic charac-
teristics of these compounds with respect to their 
drug-likeness, an absorption, distribution, metabo-
lism, excretion, and toxicity (ADMET) analysis was 
also performed (Chandrasekhar et al., 2023). This in 
silico study employed molecular docking, a bioinfor-
matic technique, to illustrate the molecular interac-
tions between compounds from H. sabdariffa blossoms 
and their respective targets, thereby shedding light on 
their potential as therapeutic agents. Furthermore, the 
aim of this study is to investigate the molecular dock-
ing of quercetin-3'-O-glucoside, delphinidin-3-O-
sambubioside, and cyanidin-3-O-sambubioside as 
active compounds in H. sabdariffa to peptidoglycan, 
flagellin, dectin, LPS, TLR-1, TLR-2, TLR-4, and TLR-6 
as PAMPs by means of a bioinformatic approach, in 
silico.  

MATERIAL AND METHODS 

Ligand data collection 

The ligands trimethylgossypentin, quercetin-3'-O-
glucoside, delphinidin-3-O-sambubioside, and cya-
nidin-3-O-sambubioside were employed in this inves-
tigation. PubChem provided the ligand information, 
which included the name, formula, SMILE canonical, 
file structure data format (SDF), and CID 
(https://pubchem.ncbi.nlm.nih.gov/). In order to 
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minimize energy, ligand files in SDF format were 
converted into the protein databank (PDB) format 
using OpenBabel v3.1.1 for molecular interaction 
modeling (Chandrasekhar et al., 2023; Huang et al., 
2024). 

Protein preparation 

Screening for antibacterial activity involved target-
ing immune response modulation receptors, includ-
ing TLR-1, TLR-2, TLR-4, and TLR-6 (Duan et al., 
2022). The direct targeting of bacterial components 
included LPS, dectin, flagellin, and peptidoglycan 
(Zhou et al., 2022). The target protein samples in this 
study were retrieved using data from the Research 
Collaboratory for Structural Bioinformatics PDB 
(RCSB PDB) (https://www.rcsb.org/), which includ-
ed RCSB ID and PDB files (PyMol v.2.5.2; Schröding-
er, Inc., Washington, USA, with academic license) 
(Burley et al., 2022; Kharisma et al., 2020; 2021). 

Absorption, distribution, metabolism, excretion, and 
toxicity (ADMET) profiling 

ProTox v3.0 (https://tox.charite.de/protox3/) was 
used to identify ligand toxicity, and SwissADME 
(http://www.swissadme.ch/) was used to character-
ize ligands with ADME profiles (Banerjee et al., 2024; 
Daina et al., 2017). The ADME profile contributes to 
the prediction of drug-like molecules by referencing 
the particular druglikeness and bioavailability rules 
of the substance under investigation. Prior to an in 
vivo test, a toxicity profile is required for the query 
compound’s prefix test in order to forecast the com-
pound’s LD50 value and toxicity class (Khezri et al., 
2024).  

Molecular docking simulation 

Molecular docking was used to simulate the lig-
and–target interaction and determine the activity by 
measuring the binding affinity value (kcal/mol). Dur-
ing docking preparation for simulation running opti-
mization, water molecules in the target protein were 
eliminated. For antibacterial action, doxycycline and 
streptomycin were used as control ligands in this 
study, given their gold standard status as antibiotics 
with broad-spectrum antibacterial activity. PyRx 
software v1.0.0, licensed from Scripps Research, USA, 
was used to perform the docking simulation (Kharis-
ma et al., 2023; Mun et al., 2022). 

Three-dimensional visualization 

PyMOL v.2.5.2, licensed for academic use by 
Schrödinger, Inc., Washington, USA, was used to 
visualize the ligands, targets, and molecular complex-
es derived from the molecular docking data. Car-
toons, translucent surfaces, and sticks were used to 

show the structures; colors were chosen according to 
published criteria for the types of atoms and mole-
cules (Rosignoli and Paiardini, 2022). 

Chemical interaction 

Discovery Studio v2016 was used to identify 
chemical bond interactions in ligand-protein com-
plexes. To verify the outcomes of the molecular dock-
ing simulation, the interaction type and position of 
amino acid residues at the binding site can be evalu-
ated. Hydrophobic, pi, alkyl, van der Waals, and hy-
drogen bonding interactions all have an impact on the 
ligand’s ability to attach to the target (Khan et al., 
2022). 

Molecular dynamics simulation 

The stability of interactions at interaction hotspots 
formed when ligands interact with specific target 
domains was identified through molecular dynamics 
simulations at CABS-flex v3.0 
(https://lcbio.pl/cabsflex3/). value the root mean 
square fluctuation (RMSF) was obtained as the simu-
lation output, which indicates the stability of the lig-
and-protein complex (Wróblewski et al., 2021). The 
RMSF value of the ligand-protein molecular complex 
must be >3 (Å) to trigger specific activity on the target 
(Wijaya et al., 2021). 

Data analysis 

The ligand and target preparations in this study 
were performed through PuChem and RCSB PDB. 
SwissADME was used for the ADME profile analysis, 
and ProTox v3.0 was employed for ligand toxicity 
prediction. Molecular docking was performed 
through PyRx v1.0.0 with samples consisting of con-
trol ligand targets containing doxycycline and strep-
tomycin, with a docking grid covering the entire sur-
face of the target, with X, Y, and Z axes centered on 
the center/dimensions. Binding affinity (kcal/mol), as 
determined by the molecular docking simulation re-
sults, is used to assess the activity of ligands that bind 
to the target; a more negative value indicates the most 
effective activity. The molecular complex with the 
most negative binding affinity is used for further 
analysis, such as validating the docking results. The 
ligand-protein complex with the most negative bind-
ing affinity is displayed in three-dimensional form 
using PyMOL v.2.5.2. The validation of the molecular 
docking results in this study was performed through 
analysis of molecular interactions in ligand-protein 
complexes and molecular dynamics simulations, with 
output data consisting of two-dimensional visualiza-
tion and stability plots, including RMSF values. Stable 
ligand-protein complexes are indicated by RMSF val-
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ues <3 (Å), which are predicted to trigger specific 
activities in the complex. 

RESULTS  

Trimethylgossypentin, quercetin-3'-O-glucoside, 
delphinidin-3-O-sambubioside, and cyanidin-3-O-
sambubioside were the ligands used in this investiga-
tion. Streptomycin (CID 19649) and doxycycline (CID 
54671203) were the control ligands. The CID, formula, 
SMILE canonical, and SDF were among the data on 
the query ligand that were acquired from PubChem 
(Table 1). Target proteins, including TLR-1, TLR-2, 
TLR-4, TLR-6, peptidoglycan, flagellin, dectin, and 
LPS, were seen in three dimensions (Fig. 1). 

Trimethylgossypentin, quercetin-3'-O-glucoside, 

delphinidin-3-O-sambubioside, and cyanidin-3-O-
sambubioside are classified as drug-like molecules 
due to their compliance with various ADMET test 
parameters. Trimethylgossypentin is more soluble 
than the other three compounds, and all of them have 
bioavailability values above 0.1, which permits them 
to circulate within the body. Additionally, toxicity 
tests reveal that all of the compounds have LD50 val-
ues at 2000 < LD50 ≤ 5000, placing them in the low-
toxic category (Table 2). 

Molecular docking was performed using PyRx 
software v1.0.0; Scripps Research, USA, with a license, 
with the docking grid set as follows: TLR1 center (Å) 
X: 97.850 Y: -21.712 Z: 28.640 dimensions (Å) X: 
111.651 Y: 97.358 Z: 101.714, TLR 2 center (Å) X: 8.518 
Y: 26.936 Z: 77.072 dimensions (Å) X: 82.519 Y: 90.683 

 

Table 1. Ligand data retrieval from PubChem. 

No Compounds CID Formula SMILE Canonical 

1 Trimethylgossypentin 5386961 C18H16O8 COC1=C(C=CC(=C1)C2=C(C(=O)C3=C(O2)C(=C(C=C3O)O)OC)OC)O 

2 Quercetin-3’-O-glucoside 25203368 C21H19O12
- C1=CC(=C(C=C1C2=C(C(=O)C3=C(C=C(C=C3O2)O)O)OC4C(C(C(C(O4)CO)O)O)O)O)[

O-] 

3 Delphinidin-3-O-sambubioside 10196837 C26H29O16
+ C1C(C(C(C(O1)OC2C(C(C(OC2OC3=CC4=C(C=C(C=C4[O+]=C3C5=CC(=C(C(=C5)O)O)

O)O)O)CO)O)O)O)O)O 

4 Cyanidin-3-O-sambubioside 78302543 C26H29ClO15 C1C(C(C(C(O1)OC2C(C(C(OC2OC3=CC4=C(C=C(C=C4[O+]=C3C5=CC(=C(C=C5)O)O)

O)O)CO)O)O)O)O)O[Cl-] 

 
 

 

 

Figure 1. Molecular visualization of target protein structure.  

(A) TLR1; (B) TLR2; (C) TLR4; (D) TLR6; (E) Peptidoglycan; (F) Flagellin; (G) Dectin; (H) Lipopolysaccharide. 
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Table 2. ADMET profile. 

Compounds Solubility Absorption 

Druglikeness Toxicity 

Lipinski Ghose Veber Egan Muegge Bioavailability 
LD50 

(mg/kg) 
Class 

Trimethylgossypentin Moderately soluble High Yes Yes Yes Yes Yes 0.55 5000 5 

Quercetin-3’-O-glucoside Soluble Low No Yes No No No 0.11 5000 5 

Delphinidin-3-O-sambubioside Soluble Low No No No No No 0.11 5000 5 

Cyanidin-3-O-sambubioside Soluble Low No No No No No 0.17 5000 5 

 
 

Table 3. Binding affinity comparison. 

Compounds CID 

Binding affinity 

(kcal/mol) 

TLR1 

(6NIH) 

TLR2 

(6NIG) 

TLR4 

(3FXI) 

TLR6 

(4OM7) 

Peptidoglycan 

(6WN9) 

Flagellin 

(6JSX) 

Dectin 

(2CL8) 

Lipopolysaccharide 

(6XLP) 

Trimethylgossypentin 5386961 -6.4 -6.7 -7.0 -7.7 -6.6 -6.3 -7.6 -8.6 

Quercetin-3’-O-glucoside 25203368 -7.7 -8.1 -8.5 -9.4 -6.9 -6.7 -9.1 -8.2 

Delphinidin-3-O-sambubioside 10196837 -7.4 -7.8 -8.9 -8.5 -6.8 -7.2 -9.5 -9.6 

Cyanidin-3-O-sambubioside 78302543 -7.1 -7.2 -7.0 -8.4 -5.7 -6.1 -8.1 -7.7 

Control 1 (streptomycin) 19649 -7.3 -6.5 -8.3 -8.2 -6.0 -6.2 -8.5 -7.5 

Control 2 (doxycycline) 54671203 -7.0 -8.0 -7.9 -7.8 -6.6 -6.4 -8.2 -7.7 

 
Z: 64.879, TLR4 center (Å) X: 11.248 Y: -5.349 Z: -5.083 
dimensions (Å) X: 89.606 Y: 121.014 Z: 161.306, TLR6 
center (Å) X: 10.387 Y: 5.664 Z: -18.624 dimensions (Å) 
X: 79.431 Y: 58.817 Z: 68.041, peptidoglycan (Å) X: 
20.870 Y: 42.819 Z: 49.803 dimensions (Å) X: 59.493 Y: 
50.348 Z: 62.962, flagelin (Å) X: -13.579 Y: -16.269 Z: -
3.788 dimensions (Å) X: 60.544 Y: 53.348 Z: 42.580, 
dectin (Å) X: -42.020 Y: 0.008 Z: -12.727 dimensions 
(Å) X: 47.962 Y: 62.824 Z: 61.669, and lipopolysaccha-
ride (Å) X: 8.493 Y: 32.307 Z: 61.719 dimensions (Å) X: 
78.202 Y: 50.031 Z: 107.370. 

Quercetin-3'-O-glucoside demonstrated the 
strongest binding to TLR6 (−9.4 kcal/mol), while 
delphinidin-3-O-sambubioside showed superior affin-
ity for LPS (−9.6 kcal/mol), indicating potential for 
both immune activation and bacterial neutralization 
(Table 3). TLR-1, TLR-2, TLR-4, and TLR-6 activation 
can initiate an immune response to combat bacteria 
and other infections. Bacterial pathogenesis may fail if 
certain peptidoglycan, flagellin, dectin, and LPS com-
ponents are inhibited. Both delphinidin-3-O-
sambubioside and quercetin-3'-O-glucoside have the 
potential to be antibacterial options by directly inhib-
iting bacteria and inducing an immune response. 
Cartoons, transparent surfaces, and stick structures 
are used to display delphinidin-3-O-sambubioside 
and quercetin-3'-O-glucoside with all targets (Fig. 2). 

Weak bond interactions involving van der Waals, 
hydrogen, and pi/alkyl can be formed by quercetin-
3'-O-glucoside and delphinidin-3-O-sambubioside 
(Table 4). Using Discovery Studio v2016, the two-
dimensional interactions of delphinidin-3-O-

sambubioside and quercetin-3'-O-glucoside with all 
targets were shown (Fig. 3). Both substances have the 
ability to generate weak bond types, including hy-
drogen, van der Waals, and pi/alkyl, which can im-
pact the target protein’s activity. 

The results of molecular dynamics simulations on 
protein-ligand complexes with the most negative 
binding affinity values show an average RMSF of 
0.893 (Å) for quercetin-3'-O-glucoside_TLR1, 0.983 (Å) 
for quercetin-3'-O-glucoside_TLR2, 0.895 (Å) for del-
phinidin-3-O-sambubioside_TLR4, 1.033 (Å) for quer-
cetin-3'-O-glucoside_TLR6, 0.844 (Å) for quercetin-3'-
O-glucoside_peptidoglycan, 0.986 (Å) for delphinidin-
3-O-sambubioside_flagellin, 1.021 (Å) for delphinidin-
3-O-sambubioside_dectin, and 0.776 (Å) for del-
phinidin-3-O-sambubioside_lipopolysaccharide, all 
RMSF values are <3 (Å), indicating that the ligand-
protein complex is stable and capable of triggering 
specific activity at the target (Fig. 4). Links to the mo-
lecular dynamics simulation results can be accessed 
via: 

Dectin: https://lcbio.pl/cabsflex3/job/5fd590ff5d3878/,  

Flagellin: https://lcbio.pl/cabsflex3/job/bf8d3d19a26eb0/, 

LPS: https://lcbio.pl/cabsflex3/job/9af0b028ede633/, 

Peptidoglycan: https://lcbio.pl/cabsflex3/job/cfd75e3e96c134/, 

TLR1: https://lcbio.pl/cabsflex3/job/f0053cf8bb15a/,  

TLR2: https://lcbio.pl/cabsflex3/job/c170a6b8e7044c/,  

TLR4: https://lcbio.pl/cabsflex3/job/834487bd870638/, 

TLR6: https://lcbio.pl/cabsflex3/job/1c36161fd9e46c/ 
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Figure 2. Molecular visualization of ligand-protein complexes.  

(A) Quercetin-3'-O-glucoside_TLR1, (B) Quercetin-3'-O-glucoside_TLR2, (C) Delphinidin-3-O-sambubioside_TLR4, 

(D) Quercetin-3'-O-glucoside_TLR6, (E) Quercetin-3'-O-glucoside_peptidoglycan, (F) Delphinidin-3-O-

sambubioside_flagellin, (G) Delphinidin-3-O-sambubioside_dectin, (H) Delphinidin-3-O-sambubioside 

_lipopolysaccharide 

 

DISCUSSION 

All query compounds were subjected to identifica-
tion by ADMET processes to assess how closely their 
properties resembled those of therapeutic molecules 
(Chaira et al., 2023). SwissADME was used for ADME 

analysis, while ProTox v3.0 was used to identify the 
toxicity profile. Solubility, absorption, druglikeness, 
and toxicity were the ADMET parameters used in this 
investigation. The values for bioavailability show how 
well a query compound circulates within the human 
body (Smułek and Kaczorek, 2022). Molecular dock-
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ing determines the binding activity of ligands to tar-
get protein domains based on binding affinity values 
(Milusheva et al., 2023).  

Negative energy values between ligands and tar-
gets produce binding affinity; ligands with the high-
est negative energy values are very active in eliciting 
particular biological responses, including inhibition 
and activation (Agu et al., 2023; Nugraha et al., 2023). 
Biological reactions like activation and inhibition can 
be triggered by ligand–protein complexes generated 
from molecular docking simulations (Prasada et al., 
2023). The binding domain forms hydrogen, van der 
Waals, hydrophobic, pi/alkyl, and electrostatic con-
tacts, all of which are crucial in eliciting particular 
biological reactions (Nada et al., 2022). All identified 
ligand–protein complexes have an average RMSF 
value <3 (Å) through molecular dynamic simulation, 
which is stable and capable of affecting target activity 
(Wijaya et al., 2021). 

The molecular docking studies by Duan et al. 
(2022) and Khan et al. (2022) demonstrate the potent 
binding activity of quercetin-3'-O-glucoside and del-
phinidin-3-O-sambubioside with bacterial compo-
nents such as peptidoglycan, flagellin, dectin, and 

LPS, as well as TLRs such as TLR-1, TLR-2, TLR-4, 
and TLR-6. For quercetin-3'-O-glucoside, TLR-1 had a 
binding affinity of −7.7 kcal/mol, while TLR-6 had a 
binding affinity of −9.4 kcal/mol (Nada et al., 2022). 
The potential to target either bacterial or host immu-
nological pathways was demonstrated by del-
phinidin-3-O-sambubioside’s strong affinity for TLR4 
(−8.9 kcal/mol) and LPS (−9.6 kcal/mol) (Rosignoli 
and Paiardini, 2022). 

The effectiveness of the interaction between those 
chemicals and bacterial infection was reported at the 
molecular level (Milusheva et al., 2023). When com-
pared to common antibiotics such as streptomycin 
and doxycycline, the synthesized compounds from H. 
sabdariffa blossoms exhibited greater binding affinity 
and specificity (Prasada Rao et al., 2023). Nonetheless, 
data suggest that quercetin-3'-O-glucoside has a 
strong affinity for TLR-1 and TLR-6. Consequently, it 
is linked to the induction of vital immune reactions 
(Duan et al., 2022). Additionally, it interacts with the 
bacterial peptidoglycan PAMP and dectin to enhance 
its antibacterial reactivity profile, thereby compromis-
ing the integrity of the bacterial cell (Zhou et al., 
2022).  

 

Table 4. Molecular interaction. 

Ligand-protein Binding sites 

Quercetin-3’-O-glucoside_TLR1 van der Waals: Asn215, Asn248, Ser247, Asn188, Glu190, Lys211 

Hydrogen: Asn163, Lys245, Glu190 

Pi/Alkyl: Ala214, Tyr275, Trp274, Lys245 

Quercetin-3’-O-glucoside_TLR2 van der Waals: Ala400, Leu399, Asn370, Glu369, Ser445, Thr446, Lys422 

Hydrogen: Asn423, Asn397, Gln396, Ser424, His398 

Pi/Alkyl: Arg447 

Delphinidin-3-O-sambubioside_TLR4 van der Waals: Glu436, Ser432, Asn433, Asn409, Thr456, Asn481, His458 

Hydrogen: Leu434, Met437, Arg460, Ser438, Lys435, His431, His456 

Pi/Alkyl: Arg460 

Quercetin-3’-O-glucoside_TLR6 van der Waals: Phe706, Ile688, Asn705, Glu650 His71 

Hydrogen: Ser647, Tyr648, Tyr714, His674, Ser709, Gln708, Glu710 

Pi/Alkyl: Ile684, Phe678, Glu710 

Quercetin-3’-O-glucoside_peptidoglycan van der Waals: Thr463, Ala469, Arg477, Val456 

Hydrogen: Gly459, Asn460, Asp472 

Pi/Alkyl: Ile471 

Delphinidin-3-O-sambubioside_flagelin van der Waals: Val80, Ile92, Tyr72, Ser54, Asp74, Phe70 

Hydrogen: Asn69, Asn58, Asn73, Glu55, Glu51 

Pi/Alkyl: Glu51 

Delphinidin-3-O-sambubioside_dectin van der Waals: Leu154, Lys144, Glu241, Ala152, Gly151 

Hydrogen: Glu194, Ala152, Glu243, His153, Gly151, Ser148 

Pi/Alkyl: Glu243, His153, Lys242 

Delphinidin-3-O-sambubioside_lipoplysaccaharide van der Waals: Asp543, Asn533, Glu580, Leu536, Thr535, Leu547, Asn548, Ile118, Leu577, 

Gly551, His114, Ala204 

Hydrogen: Asn549, Asn116 

Pi/Alkyl: Leu113 
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Figure 3. Two-dimensional visualization of ligand-protein.  

(A) Quercetin-3'-O-glucoside_TLR1, (B) Quercetin-3'-O-glucoside_TLR2, (C) Delphinidin-3-O-sambubioside_TLR4, (D) Quercetin-3'-

O-glucoside_TLR6, (E) Quercetin-3'-O-glucoside_peptidoglycan (F) Delphinidin-3-O-sambubioside_flagellin (G) Delphinidin-3-O-

sambubioside_dectin (H) Delphinidin-3-O-sambubioside _lipopolysaccharide. 

 
Due to its interaction with LPS and TLR-4 in endo-

toxin-driven inflammation, delphinidin-3-O-
sambubioside may be able to mitigate Gram-negative 
bacterial infections, which is a significant concern 
(Agu et al., 2023). This places its therapeutic potential 
in a twofold mode of action for flavonoids. By inter-
acting with TLR-1 and TLR-6, quercetin-3'-O-
glucoside stimulates innate immune responses, which 
in turn produce pro-inflammatory cytokines that lead 
to the recruitment of immune cells required to eradi-
cate infections caused by drug-resistant bacteria 
(Duan et al., 2022). Thus, this is consistent with the 
broader immunomodulatory functions that flavo-

noids have been shown to have in previous research 
(Khan et al., 2022). Additionally, the significant bind-
ing affinity for peptidoglycan and other bacterial 
structural components demonstrates its direct anti-
bacterial impact by disrupting bacterial cell walls 
(Zhou et al., 2022). However, delphinidin-3-O-
sambubioside has a potent interaction with LPS and 
TLR-4 in Gram-negative bacterial infections, neutral-
izing bacterial endotoxins and reducing excessive 
inflammation (Nada et al., 2022). This enhances path-
ogen clearance, reduces the risk of septic shock, and 
protects host tissue from unintended damage (Mi-
lusheva et al., 2023).  
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Figure 4. RMSF plot visualization of ligand-protein molecular dynamics simulation.  

(A) Quercetin-3'-O-glucoside_TLR1, (B) Quercetin-3'-O-glucoside_TLR2, (C) Delphinidin-3-O-sambubioside_TLR4, (D) Quercetin-3'-O-

glucoside_TLR6, (E) Quercetin-3'-O-glucoside_peptidoglycan, (F) Delphinidin-3-O-sambubioside_flagellin, (G) Delphinidin-3-O-

sambubioside_dectin, (H) Delphinidin-3-O-sambubioside _lipopolysaccharide. 
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This duality in immune modulation and bacterial 

suppression is a significant benefit, as standard anti-
biotics often fail to effectively address host immuno-
logical responses (Daina et al., 2017). Nonetheless, 
compared to conventional antibiotics, H. sabdariffa 
flavonoids exhibited comparatively superior binding 
properties. Compared to quercetin-3'-O-glucoside and 
delphinidin-3-O-sambubioside, streptomycin and 
doxycycline exhibited a moderate interaction with 
TLRs–PAMPs; in the event of an interaction, their 
values were typically lower (Chaira et al., 2023; 
Chandrasekhar et al., 2023). This specificity, which 
targets both bacterial components and immunological 
receptors, implies the development of resistance, 
which is one of the main problems with the current 
antimicrobial therapies (Khan et al., 2022). 

As a result of these discoveries, H. sabdariffa com-
pounds have shown promise as complements or al-
ternatives to existing antibiotics. In contrast to strep-
tomycin and doxycycline, which mainly inhibited 
bacterial protein synthesis, H. sabdariffa’s active com-
pounds have a wider range of therapeutic effects. 
Quercetin-3'-O-glucoside and delphinidin-3-O-
sambubioside, on the other hand, target host-bacterial 
signaling pathways (Agu et al., 2023). This compari-
son illustrates the multitarget approach, which may 
reduce the treatment duration and further decrease 
the likelihood of a resistant bacterial strain emerging 
(Zhou et al., 2022). The ADMET characteristics of the 
substances under examination further indicated the 
therapeutic possibilities. Trimethylgossypentin had 
the highest solubility of all the flavonoids, which may 
enhance its distribution and absorption in vivo. How-
ever, its binding affinity was significantly lower than 
the estimations of −6.4 to −8.6 kcal/mol (Chaira et al., 
2023; Smulek and Kaczorek, 2022). On the other hand, 
delphinidin-3-O-sambubioside and quercetin-3'-O-
glucoside exhibited minimal toxicity and exceptional 
bioavailability values, with bioavailability greater 
than 0.1 and LD50 greater than 5000 mg/kg, respec-
tively (Banerjee et al., 2024; Daina et al., 2017). As a 
result, all these traits suggest that both compounds 
may have very low toxicities and function therapeuti-
cally when circulating systemically. Their pharmaco-
logical viability and drug-likeness are further sup-
ported by their conformity to Lipinski’s rule of five 
(Khezri et al., 2024). 

Since quercetin-3′-O-glucoside and delphinidin-3-
O-sambubioside have low toxicity and bioaccumula-
tion factors, they are particularly sought after for ad-
ditional optimization. The clinical criteria for effective 
systemic distribution with minimum adverse effects 
were also met by the ADMET pharmacokinetic fea-
tures of the chosen drugs (Nada et al., 2022; Mun et 

al., 2022). One excellent strategy to circumvent con-
cerns regarding antibiotic resistance is to utilize the 
dual mode of action demonstrated by the flavonoids 
of H. sabdariffa. A multi-modal defense against the 
infection process is ensured by quercetin-3'-O-
glucoside and delphinidin-3-O-sambubioside, both of 
which are bacteriostatic against bacterial virulence 
factors and activators of human immune responses 
(Huang et al., 2024). Given their higher efficacy and 
low rate of resistance development, they could be 
used in future research, either alone or in combination 
with currently available antibiotics (Milusheva et al., 
2023). Their attractive ADMET profiles, characterized 
by low toxicity and good absorption, make them 
promising candidates for further clinical development 
(Nada et al., 2022; Rosignoli and Paiardini, 2022). By 
including these flavonoids, some of the shortcomings 
of current antibacterial methods can be addressed. 
Their immunomodulatory function, for instance, 
complements that of traditional antibiotics, which 
often lack immunomodulatory properties (Zhou et al., 
2022). Additionally, since these substances are natu-
ral, there is a lower likelihood of negative reactions, 
which improves patient compliance (Daina et al., 
2017). 

Despite the promising docking results, limitations 
include the static nature of molecular docking simula-
tions, which do not account for the dynamic flexibility 
of the receptor. Future work should include molecular 
dynamics simulations, in vitro antibacterial assays, 
and cytokine profiling to validate the immunomodu-
latory potential of the compounds (Chandrasekhar et 
al., 2023; Mun et al., 2022; Prasada Rao et al., 2023). 
For the most significant therapeutic benefits, their 
potential combination with traditional antibiotics 
should also be investigated (Agu et al., 2023). Cryo-
electron microscopy and X-ray crystallography are 
examples of advanced structural analysis techniques 
that can provide further insight into the binding pro-
cesses and kinetics of these chemicals in action (Bur-
ley et al., 2022). 

For these flavonoids to demonstrate long-term 
safety and efficacy, future research avenues must 
concentrate more on metabolic processes and their 
breakdown products. Therefore, as Duan et al. (2022) 
explain, a serious information gap exists due to the 
severe paucity of data on in vivo studies, as these an-
imal models may provide vital information regarding 
the pharmacodynamics and therapeutic windows of 
such agents (Nada et al., 2022). Furthermore, it is still 
possible that the flavonoids in question have antago-
nistic or synergistic interactions with other health 
molecules, which could lead to even more potential 
applications in medicine (Huang et al., 2024). 
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CONCLUSION 

Quercetin-3'-O-glucoside and delphinidin-3-O-
sambubioside from H. sabdariffa exhibit promising 
antibacterial and immunomodulatory activity 
through high-affinity binding to PAMPs and TLRs. 
These findings support further investigation of their 
therapeutic potential. 
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