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INTRODUCTION
Periodontitis is a complex, multifactorial 
inflammatory condition primarily initiated 
by the accumulation of pathogenic bacterial 
biofilms, particularly in susceptible individuals. 
The progression of periodontitis results in the 
breakdown of supporting structures of the teeth, 
including the gingiva, periodontal ligament, and 
alveolar bone. While periodontal pathogens are 
known initiators of periodontal pathology, the 
host’s immune response largely dictates the extent 
of tissue destruction. In response to microbial 
invasion, host immune cells release an array of pro-
inflammatory cytokines, matrix metalloproteinases 
(MMPs), and reactive oxygen species (ROS) that 
contribute to the inflammatory microenvironment 
and exacerbate tissue damage. This dynamic 
interaction between pathogens and host immune 
responses is central to the pathogenesis of 
periodontitis1.

Recent research has shown the role of innate 
immune sensors known as pattern recognition 
receptors (PRRs) in recognizing conserved 
microbial structures, known as pathogen-
associated molecular patterns (PAMPs), and 
endogenous signals released from damaged 
tissues, called damage-associated molecular 
patterns (DAMPs). These PRRs, including toll-
like receptors (TLRs) and nucleotide-binding 
oligomerization domain (NOD)-like receptors, 
are critical in sensing bacterial components and 
initiating downstream immune responses. Upon 

activation, these PRRs initiate a cascade that leads 
to the assembly of inflammasomes—intracellular 
multiprotein complexes that play a pivotal role in the 
maturation and secretion of key pro-inflammatory 
cytokines, particularly interleukin (IL)-1β and IL-182.

Among the various inflammasomes, the absent 
in melanoma 2 (AIM2) and interferon-inducible 
protein 16 (IFI16) inflammasomes have gained 
considerable attention in periodontal research. AIM2 
and IFI16 are cytoplasmic sensors that specifically 
recognize double-stranded DNA (dsDNA), which 
can be released from both pathogens and damaged 
host cells. AIM2, upon detecting dsDNA, triggers the 
recruitment of adapter protein ASC, leading to the 
activation of caspase-1 and subsequent cleavage and 
release of mature IL-1β and IL-18. These cytokines 
not only propagate inflammation but also contribute 
to cell death via pyroptosis, an inflammatory form 
of programmed cell death that further promotes 
tissue destruction3. IFI16, which belongs to the pyrin 
family, is unique in that it is localised both in the 
nucleus and cytoplasm, allowing it to act as a broader 
sentinel in immune surveillance4.

Studies have shown that pathogenic bacteria 
in periodontitis, particularly P. gingivalis, can 
activate AIM2 and IFI16 inflammasomes. This 
activation amplifies the inflammatory cascade, as 
IL-1β and IL-18 release contributes to enhanced 
osteoclastogenesis, increased matrix degradation, 
and persistent inflammation, which are hallmarks 
of progressive periodontitis. Furthermore, 
elevated levels of AIM2 and IFI16 inflammasomes 
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in periodontal tissues have been correlated with disease severity, 
suggesting that these inflammasomes may serve as biomarkers for 
periodontal disease activity and progression5.

Given the substantial role of inflammasomes in periodontal tissue 
destruction, recent research has focused on therapeutic strategies to 
inhibit inflammasome activation. Host-modulatory therapies that 
target AIM2 and IFI16 represent a promising approach to control 
excessive inflammation in periodontitis without directly targeting 
bacterial pathogens, thus avoiding potential issues with antibiotic 
resistance. In this context, natural phytocompounds have attracted 
significant interest due to their anti-inflammatory and antioxidant 
properties, as well as their relatively low toxicity6. Studies exploring 
the inhibitory effects of phytochemicals on inflammasome activation 
have demonstrated promising results, showing these compounds’ 
potential to downregulate inflammasome signaling pathways, in 
various inflammatory conditions7. This study aims to explore the 
docking interactions of specific phytocompounds with AIM2 and 
IFI16 inflammasomes using in silico analysis. 

MATERIALS AND METHODS

Protein Preparation
The three-dimensional X ray crystallographic structure AIM2 (PDB 
id: 3RN2) and IFI16 (8X70) with the correct resolution were obtained 
from Protein data bank database (PDB: http:// www. rcsb. org/ pdb). 
After retrieval, the structure was pre-processed and refined using 
AutoDock 4.2.6. It involved the removal of the water molecules from 
the cavity, addition of hydrogen atoms, stabilizing the charges using 
kollman united atoms and was saved as pdbqt file till further analysis.

Selection of Phytocompounds
A comprehensive review by Özenver et al8 highlighted various 
phytochemicals from diverse classes of natural compounds and herbal 
plants that are effective against the NLRP3 inflammasome. Using 
this review as a standard reference, we selected ten phytochemicals 
for further study. The selected compounds, along with their natural 
sources, compound groups, and modes of action, are summarized in 
Table 1. 

Ligand Preparation
The three-dimensional structure of the selected compounds was 
retrieved from PubChem database (https://pubchem.ncbi.nlm.nih.
gov/) in the structure-data file (SDF) format. The SDF format of ligand 
was converted to PDB using OpenBabel Software (https://sourceforge.

net/projects/openbabel/). Next the processing was carried out by 
adding gasteiger charge and the ligand was saved as pdbqt file.

In Silico Evaluation of Pharmacokinetic, Physicochemical 
Attributes and Toxicity
Pharmaceutically significant descriptors and physically relevant 
properties of the ligands were predicted. The physicochemical 
properties such as molecular weight, molar refractivity, topological 
polar surface area, number of hydrogen bond donors/number 
of hydrogen bond acceptors, number of rotatable bonds and 
lipophilicity (logP) based on Lipinski’s rule of five were carried 
out with web-based tool - SWISSADME (http:// www. swiss adme.
ch/)9. It is user-friendly interface with advanced computational 
algorithms and aids in evaluating the potential efficacy and safety of 
the selected compounds. Additionally, the safety profile of the selected 
phytochemicals was predicted using web based computational tool - 
pkCSM-pharmacokinetics (http:// biosig. unimelb. edu. au/ pkcsm/ 
prediction). Mangiferin and Epigallocatechin gallate did not comply 
with the Lipinski rule and hence were not considered for docking 
analysis (Table 2). 

Molecular Interaction 
Docking between the protein and ligand was performed using Auto 
Dock 4.2.6 (https://autodock.scripps.edu/resource/tools) software. The 
pdbqt format of ligand and protein were used further for docking. A 
grid box covering the entire protein structure was constructed and the 
output was saved as gpf file. Docking was performed using Lamarckism 
genetic algorithm and the output was obtained in dlg file format. The 
molecule with lowest binding energy obtained was selected to visualize 
the ligand-protein interaction. The binding affinity and the energy of 
the selected phytocompounds with AIM2 & IFI16 were compared with 
that of two selective pharmacological inhibitors, namely Niclosamide 
and 4 Sulfonic Calixarene.   

Molecular Visualisation
Biovia Discovery Studio Visualizer 16.1.0 was used to visualize the 
molecular interactions 10. It is a comprehensive molecular modelling 
and simulation software which offers robust tools for visualizing, 
analysing, and modelling molecular structures, interactions, and 
properties with high precision.

Molecular Dynamics Simulation
The use of all-atom MD simulation is a suitable method for examining 
the structural dynamics of proteins and their interactions with ligands. 

PHYTOCOMPOUND CLASS ORIGIN ACTIONS

Curcumin Phenolic compound Rhizomes of turmeric Antioxidant, antiinflammatory, insulin-sensitizing, 
antimicrobial

Girinimbine Carbazole alkaloid Curry leaves antibacterial, antiinflammatory, and antioxidant 

Andrographolide Terpenoid Andrographis paniculata, a medicinal herbal 
plant /Nilavembu Antiinflammatory 

Berberine Alkaloid Medicinal herb antibacterial, antiinflammatory, and antioxidant 

Sulforaphane Organosulfur 
Compound

Cruciferous vegetables such as broccoli, brussels 
sprouts, and cabbage Antiinflammatory

Resveratrol Phenolic compound Pines and grapevines Neuroprotective & anti-inflammatory
Epigallocatechin gallate Cathechin Green tea Antioxidant, antiinflammatory 

Mangiferin Phenolic compound Mango trees Antioxidant, antiinflammatory and
Antiapoptotic

Oridonin Diterpenoid Medicinal herb Antimicrobial, antiinflammatory, and neuroregulatory 
properties

Obovatol Lignans Magnolia obovate Antibacterial, antiplatelet, neuroprotective, antioxidant 
and antiinflammatory

Table 1: Characteristics of the Selected Phytocompounds.

https://pubchem.ncbi.nlm.nih.gov/
https://pubchem.ncbi.nlm.nih.gov/
https://sourceforge.net/projects/openbabel/
https://sourceforge.net/projects/openbabel/
https://autodock.scripps.edu/resource/tools
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Lipinski Rule of five
No. of hydrogen 
bond donors (<5)

No. of hydrogen 
bond acceptors (<10)

Molecular Weight
 (g/mol) (<500) LogP (<5)

Curcumin 2 6 368.38 3.27
Girinimbine 1 1 263.33 2.91
Andrographolide 3 5 350.45 2.45
Berberine 0 4 336.36 -0.00
Sulforaphane 0 2 177.29 2.11
Resveratrol 3 3 228.24 1.71
Oridonin 4 6 364.43 1.98
Obovatol 2 3 282.33 3.18
Epigallocatechin gallate 8 8 458.37 1.87
Mangiferin 11 11 422.34 0.71

Table 2. Drug Likeness of the Selected Phytocompounds.

This technique has revolutionized the field of computer-aided drug 
design and discovery, as it allows for a detailed analysis of molecular 
systems at the atomic level. In this study, MD simulations were carried 
out to examine the dynamic changes that occur upon binding of the 
receptor ligand complex. Several parameters such as root mean square 
deviation (RMSD), root mean square fluctuation (RMSF), radius of 
gyration (Rg), and solvent-accessible surface area (SASA), and inter 
hydrogen bonding were calculated for both the protein and protein-
ligand complex. 

The selected top ligands were identified from docking analysis such 
as 3RN2-AND (Andrographolide) and 3RN2-RES (Resveratrol) for 
AIM2, 8X70-AND (Andrographolide) and 8X70-RES (Resveratrol) 
for IFI16. Ligand topology was selected from the ATB server. The 
pdb2gmx, a module of GROMACS, was used to add hydrogens to 

the heavy atoms. Prepared systems were first vacuum minimized for 
1500 steps using the steepest descent algorithm. Then the structures 
were solvated in a cubic periodic box with a water simple point 
charge (SPCE) water model. The complex systems were subsequently 
maintained with an appropriate salt concentration of 0.15 M by adding 
suitable numbers of Na and Cl counter ions. The system preparation 
was referred to on the basis of a previously published literature11. Each 
resultant structure from the NPT equilibration phase was subjected 
for final production run in NPT ensemble for 100 ns simulation time. 
Finally, the trajectory of the simulation was analysed using various tools 
provided by the GROMACS software package, including the RMSD, 
RMSF, RG, SASA, hydrogen bonding (H-Bond). Molecular Mechanics 
Poisson-Boltzmann surface area (MM-PBSA) approach was employed 
to understand the binding free energy (3RN2-AND and 3RN2-RES 

Ligand
No of 
hydrogen 
bonds

Interacting amino acid Interacting bonds Bond length

Curcumin 2 Thr249, Asn265, Val264, Gly217, 
Lys245, Glu248

Conventional hydrogen 
bond, Carbon-hydrogen 
bond, Pi-Anion, Pi-Alkyl

Hydrogen bond (Lys 245= 2.17, Asn265= 2.14), Carbon-hydrogen 
bond (Thr249= 2.84, Val264= 3.38, Gly217 =2.87 ) Pi anion (Glu 
248= 3.66), Pi-alkyl (Lys245= 4.27)

Girinimbine 2 Lys251, Glu248, Pro250, Lys245 Conventional hydrogen 
bond, Pi-Alkyl, Alkyl

Hydrogen bond (Lys245= 2.13 and Glu248= 2.18) Pi Alkyl (Lys251= 
4.51, Pro251= 4.43, Lys245= 5.31) Alkyl (Lys245= 4.18)

Andrographolide 4 Pro250, Glu248, Lys245, Ile263, 
Gly217

Conventional hydrogen 
bond, Alkyl

Conventional hydrogen bond (Glu248= 4.89, Lys245= 4.96, Ile263 = 
2.11, Gly217= 2.88), Alkyl (Pro250= 4.00, 4.07, 5.05)

Berberine 2 Ile334, Glu168, Val296, Val330, 
Thr333

Conventional hydrogen 
bond, Carbon hydrogen 
bond, Pi-Alkyl, Alkyl, Pi-
Sigma

Conventional hydrogen bond (Ile334= 2.38, Glu168= 4.85), Carbon 
hydrogen bond (Ile334=2.95), Pi-Alkyl (Val 296=4.15, 5.47), Alkyl 
(Val330= 4.36, 5.31), Pi-Sigma (Thr333 =3.62)

Sulforaphane 1 Ala246, Asn265
Conventional hydrogen 
bond, Carbon hydrogen 
bond

Conventional hydrogen bond (Ala 246= 4.94), Carbon hydrogen 
bond (Asn265= 2.78)

Resveratrol 3 Lys245, Ile263, Asn265, Phe189, 
Arg311, Pro250, Lys160

Conventional hydrogen 
bond, Pi-Pi T-shaped, Pi-
alkyl, Pi-cation

Conventional hydrogen bond (Lys245= 2.12, Ile263=2.14, Asn265= 
2.26), Pi-Pi T-shaped (Phe189=4.98), Pi-alkyl (Pro250 = ,4.05, 
Lys160=5.45), Pi-cation (Arg311 = 3.62)

Oridonin 2 Lys245, Phe189, Pro250 Conventional hydrogen 
bond, Pi-alkyl, Alkyl

Conventional hydrogen bond (Lys245=1.69, 2.15), Pi-alkyl 
(Phe189=4.64, 4.94), Alkyl (Pro250=4.20, 4.77, 3.77 Lys245= 2.01)

Obovatol 3 ILE263, Asn265, Phe189, 
Phe188, Lys245, Pro250

Conventional hydrogen 
bond, Pi-Pi T-shaped,
 Alkyl, Pi-alkyl

Conventional hydrogen bond (ILE263= 2.03, Asn265=4.94, 4.96,), 
Pi-Pi T-shaped (Phe189= 4.80), Alkyl (Phe188 = 4.49, Lys245= 3.83), 
Pi-alkyl (Pro250= 3.89)

Niclosamide 3 Lys335, Lys162, Thr313, Arg311, 
Phe314

Conventional hydrogen 
bond, Pi-cation, Pi-Sigma, 
Alkyl, Pi-Alkyl

Conventional hydrogen bond (Lys335= 2.36 , Lys162=2.07, 
Thr313=2.08), Pi-cation (Lys162= 3.24), Pi-Sigma (Thr313= 3.09), 
Alkyl (Lys335= 5.49, Arg311= 4.29, 4.72), Pi-Alkyl (Phe314= 4.88

4-Sulfonic 
Calixarene 6

Lys335,Lys162, Arg311, 
Lys160,Leu159, Ala161, Lys198, 
Lys163

Conventional hydrogen 
bond, Carbon hydrogen 
bond, Pi-Cation

Conventional hydrogen bond (Lys335=2.42, Arg311=2.49, Lys160= 
2.42, Leu159=2.10, Ala161=2.23, 2.04, Lys198=2.07), Carbon 
hydrogen bond (Lys163=3.67), Pi-Cation (Lys162=3.88)

Table 3. Docking Analysis of AIM2 with Selected Phytocompounds.
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binding) of an inhibitor with protein over simulation time12. To obtain 
an accurate result, 3RN2-AND and 3RN2-RES was computed for the 
last 50 ns with dt 1000 frames.

RESULTS
Of the ten phytocompounds, mangiferin and epigallocatechin gallate 
did not satisfy the Lipinski’s rule of five, hence was not taken for 
docking analysis. The other 8 compounds and the selective inhibitors, 
Niclosamide and 4 Sulfonic Calixarene were considered for further 
analysis.

Molecular Docking of AIM2 & IFI16
The binding affinity, interacting amino acids, bond types, and bond 
lengths of the selected ligands with AIM2 are detailed in Table 3. 
The binding energies of these ligands to AIM2 were as follows: -6.80 

kcal/mol (Curcumin), -6.54 kcal/mol (Girinimbine), -7.26 kcal/
mol (Andrographolide), -7.03 kcal/mol (Berberine), -4.16 kcal/mol 
(Sulforaphane), -6.54 kcal/mol (Resveratrol), -7.39 kcal/mol (Oridonin), 
-7.26 kcal/mol (Obovatol), -8.85 kcal/mol (Niclosamide), and -10.54 
kcal/mol (4-Sulfonic Calixarene) (Figure 1). These results indicate 
that 4-Sulfonic Calixarene, as a pharmacologic inhibitor, exhibited the 
highest binding affinity to AIM2, followed by Niclosamide. Among 
the phytocompounds, Oridonin demonstrated the strongest affinity, 
followed by Andrographolide, Obovatol, Berberine, and Curcumin, 
while Sulforaphane showed the lowest affinity.

In terms of hydrogen bonding, 4-Sulfonic Calixarene formed six 
hydrogen bonds with AIM2. Andrographolide showed the highest 
number of hydrogen bonds among the phytocompounds, with four 
bonds to AIM2. This was followed by Resveratrol, Obovatol, and 
Niclosamide, each forming three hydrogen bonds, while Curcumin, 

Ligand
No of 
hydrogen 
bonds

Interacting amino acid Interacting bonds Bond length

Curcumin 4
Tyr317, Ile315, His241, 
Ala298, Arg297, Phe239, 
Asp268

Conventional hydrogen bond, 
Carbon-hydrogen bond, Pi-Sigma, 
Pi-Pi-T shaped, Alkyl

hydrogen bond (Tyr317= 2.17, Phe239= 2.91, Arg297= 2.80, 
Asp268 =2.24 ) Carbon-hydrogen bond (Ala298= 3.05) Pi-
sigma (Tyr317= 4.39), Pi-Pi-T shaped (Ile315=4.93) Alkyl 
(Phe239=4.40)

Girinimbine 1 Glu275, Leu245, Ile227, 
Lys226

Conventional hydrogen bond, Pi-
anion, Pi-Lone pair, Alkyl, Pi-alkyl

hydrogen bond (Glu275= 2.06), Pi-anion (Glu 275= 4.61, 
4.56), Pi-Lone pair (Leu245 =2.78) Alkyl (Lys226 = 4.51, 4.84, 
5.09, 5.02) , Pi-alkyl (ile227= 4.33, 5.26, 5.21)

Andrographolide 5 Glu300,Tyr317, Leu302, 
Gln310, Val316 Conventional hydrogen bond, Alkyl

Conventional hydrogen bond (Glu300= 2.04, 2.90,Tyr317= 
2.27, Leu302= 2.20, Gln310= 2.03,), Alkyl (Val316 = 5.34, 
Leu302)= 5.08

Berberine 2 Gln238, Thr235, Phe240, 
Val205, Ile206, Phe288

Conventional hydrogen bond, 
Pi-Sigma, Pi-Pi Stacked, Alkyl, 
Pi- Alkyl

Conventional hydrogen bond (Gln238= 4.96, 2.55, 
Thr235=2.09), Pi-Sigma (Thr235=3.52), Pi-Pi Stacked (, 
Phe288=4.73), Alkyl (Val205= 4.99, 4.61, Ile2064.93, 4.73), Pi- 
Alkyl (Phe88= 4.49, Phe240= 4.93)

Sulforaphane 1 Tyr317, His241, Phe239
Conventional hydrogen bond, 
Pi donor hydrogen bond, 
Unfavourable positive positive

Conventional hydrogen bond (Tyr317=1.99), Pi donor 
hydrogen bond (Phe239=4.17), Unfavourable positive positive 
(His241= 4.64)

Resveratrol 6
Ile315, Gln310, Tyr317, 
Leu302, Val316, His241, 
Ser269

Conventional hydrogen bond, Pi-
cation, Pi-Donor hydrogen bond, 
Pi-Sigma, Pi Pi T shaped, Pi-Alkyl

Conventional hydrogen bond (Ile315 = 2.76, Gln310=2.78, 
Tyr317=2.06, Leu302=1.88, His241=4.98, Ser269=1.72
), Pi-cation (His241=4.02), Pi-Donor hydrogen bond (Tyr 317= 
3.96), Pi-Sigma (Val316=3.82), Pi Pi T shaped (His241=4.16), 
Pi-Alkyl (Leu302=4.57)

Oridonin 2 Arg297, Ile315, His241, 
Val316, Leu302, Phe239

Conventional hydrogen bond, Pi-
Sigma, Alkyl, Pi-Alkyl, Unfavorable 
Donor-Donor

Conventional hydrogen bond (Arg297=2.94, Ile315=2.28), Pi-
Sigma (Phe239=3.66), Alkyl (His241=5.23, 4.78, Val316=4.91), 
Pi-Alkyl (Leu302=4.05), Unfavorable Donor-Donor 
(Arg297=2.08)

Obovatol 3 His241, Asp268, Ser269, 
Tyr 317,Phe239, Phe240

Conventional hydrogen bond, 
Carbon hydrogen bond, Pi-cation, 
Pi-sigma, Pi-lone pair, Pi-Pi-T 
shaped, Pi-alkyl

Conventional hydrogen bond (His241=2.51, Asp268= 2.16, 
Ser269=2.32), Carbon hydrogen bond (Phe240=3.65), Pi-
cation (His241=4.26), Pi-sigma (Phe239=4.61), Pi-lone pair 
(Phe239=2.92), Pi-Pi-T shaped (Tyr317= 5.42), Pi-alkyl 
(His241=4.39, Tyr317= 4.70)

Niclosamide 6 Gln363, Ser211, Lys289, 
Lys299, Thr301, Val319

Conventional hydrogen bond 
Unfavorable Donor-Donor, Pi-
cation, Alkyl, Pi-Alkyl

Conventional hydrogen bond (Gln363=2.71, Ser211=1.96, 
Lys289=2.13, Lys299=2.18, 2.09, Thr301=1.96), Unfavorable 
Donor-Donor (Thr301=2.42), Pi-cation (Lys389=4.21), Alkyl 
(Val319=4.17,5.25, 4.79 ), Pi-Alkyl (Lys299=3.84)

4-Sulfonic 
Calixarene 8

Lys389, Lys299, Lys361, 
Thr301, Val319, Met321, 
Lys303

Conventional hydrogen bond, Pi-
Alkyl

Conventional hydrogen bond (Lys389=2.19, Lys299=2.06, 
Lys361=2.03,2.31, Thr301=4.85, Val319=1,98, Met321=2.76, 
Lys303=2.04), Pi-Alkyl (Val319=4.82)

Table 4. Docking Analysis of IFI16 with Selected Phytocompounds.

System van der Waal energy
(kJ/mol)

Electrostatic energy
(kJ/mol)

Polar solvation energy
(kJ/mol)

Binding energy
(kJ/mol)

3RN2-AND -172.782 +/- 14.371 -38.737 +/- 14.120 118.972 +/- 18.527 -112.100 +/- 18.106 
3RN2-RES -92.636 +/- 10.147 -145.599 +/- 6.456 236.732 +/- 11.857 -15.328 +/- 12.539 
8X70-AND -91.359 +/- 12.675 -126.089 +/- 13.338 183.157 +/- 18.600 -50.047 +/- 27.076 
8X70-RES -37.296 +/- 11.155 -144.572 +/- 24.757 196.034 +/ 38.674 -12.534 +/- 20.184 

Table 5. Binding Affinity Calculated Using MMPBSA Method of Docked Complexes.
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Girinimbine, Berberine, and Oridonin each formed two hydrogen 
bonds.

Similarly, the binding affinities of the ligands to IFI16 were: -6.63 
kcal/mol (Curcumin), -6.63 kcal/mol (Girinimbine), -7.05 kcal/
mol (Andrographolide), -7.07 kcal/mol (Berberine), -4.49 kcal/
mol (Sulforaphane), -7.56 kcal/mol (Resveratrol), -6.90 kcal/mol 
(Oridonin), -6.38 kcal/mol (Obovatol), -7.30 kcal/mol (Niclosamide), 
and -8.01 kcal/mol (4-Sulfonic Calixarene) (Figure 2). Here, 4-Sulfonic 
Calixarene exhibited the highest affinity toward IFI16, forming seven 
hydrogen bonds. Among the phytocompounds, Resveratrol displayed 
the strongest affinity, followed by Berberine, Andrographolide, 
Oridonin, Curcumin, and Girinimbine, with Sulforaphane showing the 
lowest affinity. Docking analysis also revealed that Resveratrol formed 
six hydrogen bonds with IFI16, while Andrographolide formed five. 
Curcumin and Obovatol each formed three hydrogen bonds (Table 4). 

Given their strong binding affinities and number of hydrogen bonds 
with both AIM2 and IFI16, Resveratrol and Andrographolide were 
selected for further molecular dynamics simulations with these targets. 
The docked model of the four complexes is represented in Figure 3.

Molecular Dynamics Similation of AIM2 & IFI16
The RMSD analysis demonstrated that the 3RN2-APO, 3RN2-AND, 
and 3RN2-RES complexes remained stable up to 100 ns, suggesting 

the docked complexes were stable throughout the simulation. The 
average RMSD values were 0.30 ± 0.06 nm for 3RN2-APO, 0.31 ± 0.04 
nm for 3RN2-AND, and 0.29 ± 0.01 nm for 3RN2-RES, indicating 
minimal fluctuations and a stable complex system in both 3RN2-AND 
and 3RN2-RES. RMSF values were also calculated for each residue 
in the 3RN2-APO, 3RN2-AND, and 3RN2-RES complexes, with 
average values of 0.15 ± 0.08 nm, 0.17 ± 0.08 nm, and 0.17 ± 0.07 nm, 
respectively, showing no significant deviation in RMSF distribution 
among the complexes (Figure 4).

The Rg values were 1.82 ± 0.03 nm, 1.81 ± 0.02 nm, and 1.79 ± 0.02 nm 
for 3RN2-APO, 3RN2-AND, and 3RN2-RES, respectively, indicating 
similar compactness across the systems. The SASA values showed 
consistent equilibration across the simulation, with averages of 118.08 
± 2.89 nm² for 3RN2-APO, 120.04 ± 2.38 nm² for 3RN2-AND, and 
110.55 ± 4.76 nm² for 3RN2-RES (Figure 4).

Intra-molecular hydrogen bond analysis showed averages of 134.90 ± 
6.24 for 3RN2-APO, 135.45 ± 6.21 for 3RN2-AND, and 138.22 ± 7.55 
for 3RN2-RES, with the complexes forming more hydrogen bonds 
in 3RN2-AND and 3RN2-RES than in 3RN2-APO, contributing to 
increased stability. The time-dependent analysis of hydrogen bonds 
confirmed that 3RN2-AND formed 1 to 5 hydrogen bonds, and 
3RN2-RES formed 1 to 9 hydrogen bonds consistently throughout the 
simulation. PCA indicated reduced flexibility across both eigenvectors 
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Figure 3. Docked Model of AIM2 And IFI16 with Andrographolide and Resveratrol.

Figure 4. Molecular Dynamics of 3RN2-APO,  3RN2-AND, and 3RN2-RES Complexes.
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(EVs), with the 3RN2-APO, 3RN2-AND, and 3RN2-RES complexes 
occupying overlapping conformational spaces. This limited movement 
indicates that 3RN2-AND and 3RN2-RES did not significantly alter the 
target structure's dynamics, supporting complex stability (Figure 4).

FEL plots for principal components 1 and 2 (PC1 and PC2) showed 
deeper blue regions in both 3RN2-AND and 3RN2-RES, indicating a 
stable protein conformation with lower energy levels (ranging from 0 
to 8 kJ/mol for 3RN2-APO, 0 to 7 kJ/mol for 3RN2-AND, and 0 to 9 kJ/
mol for 3RN2-RES). Each complex displayed a single global minimum 
within a local basin, suggesting 3RN2-AND and 3RN2-RES did not 
induce significant conformational changes, thus stabilizing the target 
structure (Figure 3). Binding affinity was evaluated using the MM-
PBSA method, yielding total binding energies of -112.100 ± 18.106 kJ/
mol for 3RN2-AND and -15.328 ± 2.539 kJ/mol for 3RN2-RES (Table 
5).

Similarly, the average RMSD for the 8X70-APO, 8X70-AND, and 
8X70-RES complexes was calculated at 0.36 ± 0.06 nm, 0.27 ± 0.04 nm, 
and 0.28 ± 0.04 nm, respectively, indicating stability throughout the 
simulation. The RMSF values were also stable, with averages of 0.15 
± 0.08 nm, 0.14 ± 0.08 nm, and 0.12 ± 0.07 nm for 8X70-APO, 8X70-
AND, and 8X70-RES, showing consistency across the complexes. Rg 
values indicated comparable compactness, with averages of 1.77 ± 0.01 
nm, 1.76 ± 0.01 nm, and 1.74 ± 0.01 nm for 8X70-APO, 8X70-AND, 
and 8X70-RES. SASA values showed equilibration with averages of 
109.76 ± 6.29 nm² for 8X70-APO, 116.87 ± 3.38 nm² for 8X70-AND, 
and 109.82 ± 3.67 nm² for 8X70-RES (Figure 5).

Intra-hydrogen bonding analysis revealed higher bond stability in 
8X70-AND and 8X70-RES compared to 8X70-APO, with average 
values of 138.96 ± 8.15, 134.24 ± 5.95, and 138.35 ± 6.81 for 8X70-APO, 
8X70-AND, and 8X70-RES, respectively. PCA analysis confirmed 
that 8X70-AND and 8X70-RES did not significantly alter the target’s 
dynamics. FEL analysis for the 8X70 complexes displayed energy 
values ranging from 0 to 16 kJ/mol for 8X70-APO and 8X70-AND, and 

0 to 14 kJ/mol for 8X70-RES, with a single global minimum, suggesting 
stability without significant conformational changes (Figure 5). MM-
PBSA analysis showed binding energies of -50.047 ± 27.076 kJ/mol 
for 8X70-AND and -12.534 ± 20.184 kJ/mol for 8X70-RES (Table 5), 
indicating strong binding and stability across the simulation.

DISCUSSION
Innate immunity serves a protective role by recognizing and attempting 
to eliminate invading pathogens through inflammasome activation 
and the release of cytokines. Aberrant inflammasome activity has 
been implicated in periodontitis, with DNA-sensing inflammasomes 
AIM2 and IFI16 expressed in gingival epithelial and inflammatory cells 
in response to periodontal pathogens4. During active periodontitis, 
downregulation of inflammasome regulators accompanies an increase 
in inflammasome activity, contributing to disease pathology13. 
Targeting inflammasomes presents a novel therapeutic approach; for 
instance, pharmacological inhibitors like 4-Sulfonic Calixarene can 
competitively bind to the HIN domain of AIM2, thereby modulating 
inflammasome activity14. Alternatively, plant-based natural compounds 
have demonstrated anti-inflammatory effects, showing promise in 
mitigating inflammasome related inflammation.

In this study, phytocompounds belonging to different classes – 
phenolic compounds, alkaloid, trepenoid and ligans were selected and 
the interactions with AIM2 and IFI16 inflammasomes were evaluated. 
Docking analysis indicated that among the analysed compounds, 
andrographolide and resveratrol exhibited notable docking 
interactions, displaying higher binding affinity and greater numbers of 
hydrogen bonds. Pharmacologic inhibitors, 4-Sulfonic Calixarene and 
Niclosamide, were employed as standard references.

In the AIM2-andrographolide complex, glutamine, isoleucine, lysine, 
and glycine were the interacting amino acids, forming four hydrogen 
bonds. In contrast, the IFI16-andrographolide complex demonstrated 
interactions with glutamic acid, tyrosine, leucine, and glutamine, 

Figure 5. Molecular Dynamics of 8X70-APO,  8X70-AND, and 8X70-RES Complexes.
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forming five hydrogen bonds. The binding energies of both complexes 
were greater than -7 kcal/mol, signifying a strong affinity for these 
complexes. The resveratrol-AIM2 complex presented a binding affinity 
of -6.54 kcal/mol, where lysine, leucine, and asparagine contributed 
three hydrogen bonds. The resveratrol-IFI16 complex formed six 
hydrogen bonds with isoleucine, lysine, leucine, histidine, glutamine, 
and serine, yielding a binding energy of -7.56 kcal/mol. Hydrogen 
bonds, as known facilitators of protein-ligand binding, play a key role 
in determining ligand specificity, complex stability, and influencing 
drug selectivity and affinity15. Compared to the other phytocompounds, 
both andrographolide and resveratrol exhibited stable and strong 
affinities with AIM2 and IFI16, demonstrating their potential as viable 
therapeutic candidates for modulating inflammasome activity.

Resveratrol, isolated from grape skin, peanuts and berries has anti-
inflammatory and antioxidant properties16. It directly supresses the 
release of proinflammatory cytokines in a wide range of tissues17,18. 
Resveratrol supplementation has shown to reduce inflammatory markers 
in patients with chronic periodontitis19. Andrographolide, is extracted 
from Andrographis paniculata, has been widely used in Indian and 
Chinese medicine to treat infections. Other than antibacterial activity, 
it possesses anti-inflammatory, antiviral and immunomodulatory 
properties20. It reduces the levels of proinflammatory cytokines, 
reactive oxygen species levels in respiratory diseases21. It is employed 
as a conservative agent in radiation induced lung injury as it inhibits 
transport of AIM2 to nucleus to detect DNA damage22. 

Further MD simulations of these four complexes demonstrated 
acceptable values for RMSD, RMSF, Rg, and SASA, indicating stability, 
compactness, and solvent accessibility of the complexes without 
significant fluctuations over a 100-nanosecond period. Throughout the 
MD simulations, all four complexes maintained a substantial number 
of hydrogen bonds (ranging from 5 to 10), which contributed to stable 
protein-ligand interactions. The time-dependent behaviour of intra-
hydrogen bonds in the docked complexes remained consistent, further 
affirming the stability of these interactions during the simulation.

PCA and FEL assessments of the docked complexes revealed lower 
free energy levels without significant changes to the configuration, 
supporting the stability of all the complexes. Binding free 
energy calculations using the MM-PBSA method indicated that 
AIM2-andrographolide (-112.100 ± 18.106 kJ/mol) and IFI16-
andrographolide (-50.047 ± 27.076 kJ/mol) exhibited higher binding 
affinity compared to AIM2-resveratrol (-15.328 ± 12.539 kJ/mol) and 
IFI16-resveratrol (-12.534 ± 20.184 kJ/mol). Both andrographolide 
and resveratrol complexes remained stable throughout the simulation; 
however, andrographolide exhibited a stronger overall binding affinity 
compared to resveratrol. A study by Ambili R. et al23, have suggested 
andrographolide as a promising host-modulatory therapy due to its 
inhibition of NF-κβ activation and suppression of bone resorption 
genes in cultured fibroblasts. This study is the first to evaluate the 
docking and simulation of andrographolide with AIM2 and IFI16, 
demonstrating its potential in effectively inhibiting inflammasome 
activity and the result suggest that andrographolide may serve as a 
novel, adjunctive phytocompound based host modulatory therapy in 
the management of periodontal disease.

CONCLUSION
This study highlights the promising therapeutic potential of 
phytocompounds andrographolide and resveratrol in modulating 
DNA-sensing inflammasome activity in periodontitis. Both compounds 
demonstrated high binding affinities with AIM2 and IFI16, forming 
stable protein-ligand complexes that were further validated through 
molecular dynamics simulations. Andrographolide, in particular, 
exhibited superior binding energy and complex stability, suggesting 

a stronger inhibitory effect on inflammasome activation compared to 
resveratrol. Andrographolide could serve as a novel host modulatory 
agent targeting inflammasome mediated periodontal destruction. 
Further in vivo studies are warranted to validate their efficacy and 
safety in clinical settings.
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