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Introduction
Beta thalassemia is a group of hereditary blood disorders character-
ized by abnormalities in the synthesis of the beta globin chain of he-

moglobin. Mutation-caused genetic diseases in the beta globin gene 
are widely known as human beta-hemoglobinopathies, in which beta 
thalassemia is most prevalent, particularly in Asia, Africa, and the 
Mediterranean region.1 Clinical manifestations include hematopoi-
etic stem cell transplantation, or fetal hemoglobin (HbF) reactivation 
as an alternative process to cure beta thalassemia.

Several investigations have suggested that chemotherapeutic 
agents are not suitable for treating β-hemoglobinopathies, such as 
beta thalassemia, due to their cytotoxicity and growth-inhibitory 
effects, even when they are effective at inducing HbF production. 
Based on an examination of the processes behind the HbF induc-
ing drugs effects, a lot of work has gone into discovering novel 
HbF inducing natural compounds that combine safety, efficacy, 
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Abstract
Background and objectives: Thalassemia is a group of anemias that result from inherited defects in the production of the beta 
chain of hemoglobin. It is stabilized by gamma globin, which combines to form fetal hemoglobin. One therapeutic approach 
is to target histone deacetylase (HDAC), which plays an important role in controlling beta thalassemia. This study sought to 
identify a natural inducer for treating this disease.

Methods: Twenty-five Andrographis paniculata compounds were screened using Schrödinger Suite 2020 (Maestro 12.3) for li-
gand preparation, grid generation, glide extra precision docking and molecular mechanics/generalized born surface area scor-
ing. The HDAC2 crystal structure (Protein Data Bank ID: 4LXZ) was prepared by removing crystallographic water molecules 
and performing restrained minimization. Top-scoring complexes were subjected to 5-ns molecular dynamics simulations in 
GROMACS 2019 using the optimized potentials for liquid simulations force field, three interaction site point charge solvation, 
and standard neutralization and equilibration protocols. Absorption, distribution, metabolism, and excretion properties were 
predicted using QikProp.

Results: Among the twenty five screened compounds, SRJ09 derivative of andrographolide, ranked among the top candidates 
based on glide extra precision docking and molecular mechanics/generalized born surface area scores and was therefore 
selected for further analysis. SRJ09 showed favorable binding to the HDAC2 active site, with interactions comparable to the 
reference inhibitor 20Y. Absorption, distribution, metabolism, and excretion predictions indicated acceptable drug-likeness, 
and molecular dynamics simulations demonstrated stable SRJ09–HDAC2 complex behavior over 5 ns.

Conclusions: We concluded that beta thalassemia may benefit from the use of andrographolide, and SRJ 09 as prospective 
HDAC2 inhibitor drugs that are favourable and efficacious and that generate fetal hemoglobin. Therefore, this bioactive com-
pound is worth further investigation using in vitro and in vivo studies.
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and convenience of administration to overcome this therapeutic 
obstacle.

The β globin gene is the sole cause of the alpha-beta globin 
chain imbalance that leads to severe anemia in patients with beta 
thalassemia. By stimulating the formation of the γ globin chain, 
which is primarily expressed in fetuses, this condition can be im-
proved, and adults will produce HbF (α2γ2). Since the transcrip-
tion of the γ globin gene is gradually inhibited as development 
advances, low HbF is typically present in normal adults. None-
theless, a number of pharmaceutical substances have been docu-
mented to either promote HbF or suppress the transcription of the 
γ globin gene. Many pharmacological compounds that reactivate 
γ globin gene transcription have been identified, such as cytotoxic 
agents, DNA methyltransferase inhibitors, and histone deacetylase 
(HDAC) inhibitors. HDAC inhibitors have also been shown to be 
potent human HbF inducers for treating beta thalassemia.2

HbF interferes with polymerized globin chains, whose inter-
actions with each other result in rigidity of cells. Hydroxyurea, 
5-azacytidine, decitabine, and cytarabine are the chemotherapeutic 
agents used for beta thalassemia.3 Hydroxyurea is a ribonucleo-
tide reductase inhibitor with the ability to inhibit DNA synthesis, 
whereas 5-azacytidine, decitabine, and butyrate act as DNA meth-
yltransferase inhibitors.4,5 Because it can prevent DNA synthesis, 
Hydroxyurea is sometimes referred to as a ribonucleotide reduc-
tase inhibitor.6 Structurally, classes of HDAC2 inhibitors bind the 
target HDAC to block histone deacetylase and produce an open 
chromatin conformation, enabling gene activation.7 Transcrip-
tion in the γ globin gene promoter is stimulated through histone 
deacetylase inhibition; HDAC inhibitors or short-chain fatty acids 
induce transcription from the γ globin gene promoter and, in some 
patients, can increase the efficiency of γ globin mRNA transla-
tion.8 These effects do not require HDAC activity, but HDAC in-
hibitors are often potent γ globin inducers. However, short chain 
fatty acids that inhibit HDACs also inhibit cell proliferation, which 
is a limiting factor in thalassemia.9 Hydroxyurea is an FDA ap-
proved treatment for sickle cell disease and is also recommended 
for non-transfusion dependent βthalassemia, although its effective-
ness varies among patients and concerns remain regarding adverse 
effects such as bone marrow suppression.10 Hence, it is necessary 
to develop effective inhibitors for beta thalassemia from natural in-
ducers that do not have adverse effects. Natural remedies for treat-
ing beta thalassemia by stimulating HbF inducing activities using 
medicinal plants have been studied for their authenticity, safety, 
and efficacy.

Computational drug design, including molecular docking and 
molecular dynamics (MD) simulations, enables rapid screening of 
bioactive compounds against disease-relevant protein targets. In 
beta-thalassemia, key targets include mutant hemoglobin subunit 
beta proteins, which destabilize hemoglobin, and short chain fatty 
acids as epigenetic modulators, like HDAC2 which regulate eryth-
ropoietin. This study aimed to evaluate the binding affinity and 
stability of Andrographis paniculata bioactive compounds against 
these targets using in silico approaches, providing a foundation for 
developing novel therapeutics.

Much effort has been made to identify naturally occurring 
inducers and drug treatments that can the synthesis of HbF and 
promote the expression of the fetal γ globin gene. Natural induc-
ers like Andrographis paniculata and their bioactive compounds 
are known to have efficient biological activities against various 
diseases, such as anti-microbial, anti-fungal, anti-oxidant, anti-
inflammatory, anti-viral, anti-diabetic, anti-cancer, and anti-diar-
rheal effects.11

Medicinal plant-derived bioactive compounds, such as sapo-
nins, tannins, flavonoids, phenols, amino acids and proteins, fats 
and oils, carbohydrates, alkaloids, glycosides, and other phyto-
chemicals, show promising activities when consumed. They play 
a very important role in the defense mechanism against various 
disorders and highly pathogenic diseases.12 The various bioactive 
compounds have been found to be beneficial for numerous thera-
peutic uses with fewer adverse effects. To evaluate the efficacy 
of HbF induction and the underlying molecular pathways, fur-
ther investigation is needed. By integrating these discoveries and 
connecting the recognized molecular routes, we have developed 
a comprehensive model of pharmacological agents induction of 
HbF. Therefore, this study aimed to evaluate bioactive compounds 
from Andrographis paniculata as potential HbF inducers by as-
sessing their binding affinity and stability with the HDAC2 target 
using molecular docking, MD simulation, and absorption, distribu-
tion, metabolism, and excretion analysis.

Materials and methods

Modelling platform
The computational analysis was performed using Schrödinger 
Suite 2020, including Maestro v12.3, LigPrep v3.8, Glide Extra 
Precision (XP) v8.6, Grid Generation, QikProp v6.3, and Prime/
molecular mechanics/generalized Born surface area (MM-GBSA) 
v4.1. MD simulations were conducted using GROMACS 2019, 
and ADME properties were predicted with the QikProp module.

Biological data
In this study, 25 bioactive molecules were retrieved from PubChem 
and ChemSketch. The crystal structure of the HDAC2 target was 
obtained from the Protein Data Bank (PDB),withthe alpha-numer-
ic identity PDB: 4LXZ.

Preparation of the protein
The protein was prepared using Maestro version 12.3. During the 
process, the missing side and backbone chains were included. The 
tool provides two options, namely, the preparation wizard and re-
finement. The X-ray crystallography structure of the target protein 
(PDB ID: 4LXZ) with a resolution of 1.85 Å was selected for the 
study. Water molecules occupying the protein structure were not 
suitable for the docking study and were therefore removed. Finally, 
the optimization and minimization processes were completed.13

Ligand preparation
The twenty five bioactive compounds were prepared as ligand 
molecules using LigPrep, which generated multiple structures 
from each input structure with various ionization states, tautomers, 
stereo chemical characteristics, and ring conformations. Molecules 
were eliminated based on criteria such as molecular weight or 
specified numbers and types of functional groups, while maintain-
ing correct chirality for each successfully processed input struc-
ture. The OPLS3e force field was used for optimization, producing 
thelowenergy isomer of each ligand.14 Finally, ligand molecules 
were incorporated into the complex structure for docking.

Molecular docking
To test the docking parameters, the twenty five bioactive com-
pounds were docked into the binding site of HDAC2 using the 
grid based glide ligand docking program in Schrödinger Suite.15 
In this study, Maestro v12.3 was used to perform rigid and flexible 
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docking to predict binding affinity, ligand efficiency, and inhibi-
tory constant for the target. The ligands were docked to the active 
site of HDAC2 using glide XP, which considers ligand flexibility. 
The active small molecule had available access to avoid penalties 
and received favorable docking scores with accurate hydrophobic 
contacts between the protein and ligand.16

Prime MM-GBSA calculations
The ligand binding energy of each of the twenty five bioactive 
compounds required to inhibit HDAC2 was estimated using the 
Prime MM-GBSA module in Schrödinger Suite 2020.17 This score 
was then used to rank the ligand-protein glide XP docked com-
plexes.

MD simulation
MD simulations were performed using GROMACS-2019 for 5 ns. 
The OPLS force field was used for energy calculations to deter-
mine protein–HDAC interactions with the ligands. The TIP3P wa-
ter model was selected to solvate the complexes followed by addi-
tion of ions to neutralize the system. The system was solvated in an 
orthorhombic water box with a 10 Å marginal radius. The protein–
ligand complex results were then analyzed. At physiology pH 7.4, 
the structures were negatively charged; therefore, 10 sodium ions 
(Na+) were added to neutralize the system using the GROMACS 
“genion” tool.18 Initially, the solvent molecules were relaxed while 
all solute atoms were harmonically restrained to their original posi-
tions with a force constant of 100 kcal/mol for 500,000 steps. Sub-
sequently, the whole system underwent energy minimization for 
5,000 iterations using a descent algorithm implementing the OPLS 
force field.19 The temperature was maintained at 300 K, and a 2 
fs value was used for the integration steps. MD simulations of the 
protein-ligand complex were performed with position restraints for 

500 ps to allow solvent molecules to enter the cavity region of the 
structure.20 Finally, MD simulations were performed for 5 ns, and 
root mean square deviation (RMSD) was calculated to monitor the 
stability of HDAC2 proteins in their native motion.

ADME toxicity
ADME toxicity analysis is important in drug discovery, especially 
in determining the mechanism of action of molecules.21 A set of 
ADME-related properties was calculated for each of the 25 bioac-
tive compounds using the QikProp program in normal mode. Qik-
Prop generates physically relevant descriptors, and the toxicity of 
a ligand was considered important for its potential as an effective 
drug in new drug development.22

Statistical analysis
Three independent runs of each statistical analysis were conducted 
using Prism GraphPad Software, and the results were evaluated 
as mean ± standard deviation. One-way analysis of variance was 
conducted to ascertain the average differences between antioxidant 
activity and bioactive compound levels, with p-values < 0.05 con-
sidered significant.23

Results

Molecular docking HDAC2 (PDB ID: 4LXZ)
Unlike 20Y, the inhibitor bonded to the protein using both glide 
energy and hydrogen bonds. Hydrogen bond interactions between 
amino acids and GLU-103 were demonstrated by the amino acids 
engaging with 20Y (Fig. 1a). In comparison to the protein-bound 
inhibitor 20Y, which had a glide score of −9.90 kcal/mol, a glide 
energy of −30.91 kcal/mol, and a glide emodel of −66.43 kcal/mol, 

Fig. 1. 2D interaction map of important amino acids with glide extra precision docking target protein (PDB ID: 4LXZ) with (a) 20Y and (b) SRJ09 bioactive 
compound; residues forming hydrogen bonds are shown in purple. ALA, alanine; ASP, aspartic acid; CYS, cysteine; GLN, glutamine; GLU, glutamic acid; 
GLY, glycine; HIS, histidine; ILE, isoleucine; LEU, leucine; MET, methionine; PDB, Protein Data Bank; PHE, phenylalanine; PRO, proline; TRP, tryptophan; TYR, 
tyrosine.
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the bioactive compound SRJ09 shared one hydrogen bond interac-
tion with GLU-103 (Fig. 1b), docked with a glide score of −6.83 
kcal/mol, glide energy of −27.40 kcal/mol, and glide emodel of 
−33.66 kcal/mol (Table 1).

In contrast to the parent drug, which showed a non-phase-
specific cell cycle arrest, SRJ09 exhibited a particular G1 phase 
cell cycle arrest in MCF-7 cells.24 It is noteworthy that SRJ09 
was more effective at inducing apoptosis, indicating that biologi-
cal consequences differ depending on the location of the bromine 
substituent in the aromatic ring. Phase-specific cell cycle blocking 
agents and strong apoptosis inducers may be created by adding 
a benzylidene pharmacophore at the 3,19-positions of the andro-
grapholide structure.25

Prime Molecular Mechanics with Generalized Born and Sur-
face Area (MMGBSA) analysis
Ligand-binding orientation by Prime MMGBSA analysis of 

HDAC2 target protein (PDB ID: 4LXZ) with bioactive com-
pounds was performed using MMGBSA simulations to determine 
which ligand binding method was most dependable. The most de-
pendable ligand orientation was determined by comparing the best 
binding Gibbs free energy that was achieved. It is possible to de-
velop a thorough analysis of the ligand-receptor interaction, which 
can be very helpful in highlighting the most important interactions 
and aiding in the design of new active ligands. This is because 
each receptor residue has an interaction with the ligand and allows 
evaluation of the individual energy terms of the binding Gibbs free 
energy.26

The protein–ligand complex was stabilized as a result of the 
minute ligand conformational changes brought about by MMG-
BSA in the protein active site. Because of its great importance, 
we used the MMGBSA method to investigate the relative bind-
ing strengths of 20Y and SRJ09. MMGBSA values of −34.1 kcal/
mol and −28.2 kcal/mol, respectively, indicate a stable system 

Table 1.  Extra Precision Glide Score results of 25 bioactive compounds (ligands) and the energy generated by the active site of the target protein (PDB 
ID: 4LXZ)

S. no Bioactive compounds Docking score  
(kcal/mol)

XP GScore  
(kcal/mol)

Glide energy  
(kcal/Mol)

Glide emodel  
(kcal/Mol)

Ref 20Y −9.90 −9.90 −30.91 −66.43

1 SRJ09 −6.83 −6.83 −27.40 −33.66

2 6,10-dimethyl-2-undecanone −6.56 −6.56 −32.59 −35.84

3 3-pentadecylphenol −5.77 −5.77 −43.76 −39.69

4 14-alpha-lipoylandrographolide −5.52 −5.52 −33.41 −58.25

5 SRJ 23 −5.11 −5.11 −37.67 −43.06

6 DRF 3188 −4.52 −4.52 −31.51 −47.62

7 5-hydroxy-7,8-dimethoxyflavone −4.50 −4.50 −31.78 −39.65

8 14-deoxyandrographolide −4.06 −4.06 −26.65 −32.08

9 DL-alphatocopherol −3.90 −3.90 −29.01 −32.70

10 Andrographolide −3.85 −3.85 −26.37 −31.47

11 3,19-O-diacetylanhdroandro −3.77 −3.77 −34.67 −36.79

12 Andrograpanin −3.70 −3.70 −26.60 −27.90

13 14-glycinylandrographolide hydrochloride −3.61 −3.61 −23.53 −42.16

14 Isoandrographolide −3.53 −3.53 −32.55 −29.34

15 12-hydroxy-14-dehydroandro −3.48 −3.48 −36.89 −33.38

16 14-acetylandrographolide −3.32 −3.32 −23.71 −33.53

17 14-deoxy11,12-didehydroandrographolide −3.29 −3.29 −22.33 −27.20

18 3,19-isopropylideneandrographolide −3.27 −3.27 −24.16 −32.55

19 14-Deoxy14,15-Didehydroandrographolide −3.26 −3.26 −29.43 −35.67

20 5-hydroxy-7,8,2′,5′-tetraimethoxyflavano −3.25 −3.25 −31.39 −28.22

21 19-O-acetylanhdroandrographolide −3.19 −3.19 −21.16 −34.95

22 5-hydroxy-7,8,2′,3′-tetraimethoxyflavone −3.25 −3.25 −3.25 −28.22

23 1-isopropyl-4-methylbicyclo[3.1.0]hex-3-en-2-one −3.16 −3.16 −3.16 −27.85

24 Neoandrographolide −3.17 −3.17 −3.17 −33.38

25 1-(But-1-En-3-Ynyl)Benzene −3.07 −3.07 −3.07 −30.58

PDB, Protein Data Bank.
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that releases energy upon binding (Table 2). These values are 
negative, which suggests that the systems are stable and that 
binding releases energy. The strength of the interactions between 
the binding partners is reflected in the magnitude of the bind-
ing energy. Higher complex stability and stronger binding are 
indicated by more negative results. Complementarily, differ-
ences in molecular architectures and the type of intermolecular 
interactions can explain the variations in binding energy among 
the systems. The ligand glide energy value and the MMGBSA 
calculations were among the significant results displayed by the 
computational study at the conclusion of this analysis. Improved 
agreement between computed binding affinities and experimen-
tal data is provided by physics-based approaches.27 When com-
pared to docking scoring functions, the current study’s MMG-
BSA methodology yielded impressive results. It was able to 
establish a stronger correlation between the biological activity of 
a variety of HDAC2 inhibitors and their predicted binding Gibbs 
free energies.

Physicochemical and drug-likeness analysis by ADME analysis
One key technique for analyzing a drug’s molecular efficacy is 
the ADME based study. In addition to being effective, a medicine 
should be able to cross a variety of obstacles to trigger the desired 
effect at the intended site of action. Lately, time-consuming and la-
borious experimental procedures have been replaced by the avail-
ability of in silico methods for quickly predicting pharmacokinetic 
and toxicity properties, such as absorption, distribution, metabo-
lism, and excretion (ADME) of newly discovered compounds in 
the human body.28 As a result, this work used the QikProp tool to 
analyze the important pharmacokinetic features of the top five bio-
active compounds of the HDAC2 target protein (PDB ID: 4LXZ) 
that demonstrated higher docking scores. The bioactive molecular 
weight, solvent accessible surface area, QPlogPw (solvation free 
energy in water), central nervous system, donor hydrogen bond, 
acceptor hydrogen bond, human oral absorption, and Lipinski’s 
rule of five and three were among the physicochemical charac-
teristics analyzed.29 All of these are listed in (Table 3). Initially, 
we evaluated the compounds’ oral bioavailability by applying 
Lipinski’s rule of five. All compounds demonstrated good oral 
bioavailability and passed the drug-likeness test. The outcomes 
demonstrated that SRJ09 met all requirements. The five bioactive 
compounds were found to be well absorbed in the gut because they 
all matched the range for human oral absorption and solvent ac-
cessible surface area permeability (Table 3). The compounds were 
also examined for various drug-like qualities. The Lipinski (Pfizer) 
filters were passed by all compounds. Additionally, the bioactive 
compounds demonstrated success in the QPlogPw, human oral ab-
sorption parameter and central nervous system. Table 3 provides 

Table 2.  MMGBSA binding Gibbs free energy calculations observed in 
target protein (PDB ID: 4LXZ) with bioactive compounds 20Y and SRJ09

Protein Bioactive compounds  
(ligands)

MMGBSA dGbind  
kcal/ mol

PDBID:4LXZ 20Y -34.1

SRJ09 -28.2

MMGBSA, Molecular Mechanics with Generalized Born and Surface Area; PDB, Pro-
tein Data Bank.

Table 3.  Summary of ADMET analysis, physicochemical properties, and biological functions of the top five bioactive compounds with higher docking 
scores of target protein 4LXZ analyzed using QikProp

Bioactive compounds (4LXZ) MW(Da)a CNSb SASAc Donor HBd Accept HBe polrzf logPwg logPo/wh logSi

20Y 264.32 −2 584.04 3 6.7 28.60 15.06 0.75 −2.03

SRJ09 477.43 1 696.28 1 6.8 46.06 10.35 4.87 −6.20

6,10-dimethyl-2-undecanone 198.34 0 488.48 0 2 22.73 1.43 3.53 −3.12

3-pentadecylphenol 304.51 −1 747.73 1 0.75 36.94 1.76 6.83 −7.25

14-alpha-lipoylandrographolide 536.78 −2 840.57 1 7.7 52.77 9.33 5.94 −7.25

SRJ23 477.43 1 659.04 1 6.8 44.25 10.0 4.60 −5.519

Bioactive compounds (4LXZ) logHERGj logBBk PMDCKl logKpm metabn logKhsao Human oral 
absorptionp

Rule of 
fiveq

Rule of 
threer

20Y −4.26 −1.69 110.95 −3.02 3 −0.77 3 0 0

SRJ09 −5.10 0.20 5,734.44 −1.22 4 0.71 0 1

6,10-dimethyl-2-undecanone −3.33 −0.32 1,875.16 −1.64 1 0.21 3 0 0

3-pentadecylphenol −6.03 −0.96 1,618.56 −0.58 2 1.36 1 1 1

14-alpha-lipoylandrographolide −4.83 −1.09 1,199.16 −2.59 6 1.07 1 2 1

SRJ23 −4.51 0.24 5,696.65 −1.23 4 0.62 3 0 0

aMolar weight (range for 95% of drugs: 130–725 Da); bPredicted central nervous system activity on a (–2 inactive) to (+2 active) scale; cSASA (total solvent accessible surface area) 
in (300.01000.0); dNumber of hydrogen bonds donated by the molecule (range for 95% of drugs: 0–6).; eNumber of hydrogen bonds accepted by the molecule (range for 95% 
of drugs: 2–20); fPredicted polarizability (13.070.0 for 95% of drugs); gPredicted water/gas partition coefficient (4.045.0); hPartitioning coefficient between n-octanol and water 
phases (range for 95% of drugs: −2 to 6.5); iPredicted aqueous solubility (–6.5–0.5); j Predicted IC50 value for blockage of HERG K+channels (concern< −5); kpredicted blood/brain 
barrier partition coefficient (range for 95% of drugs: −3.0 to 1.0); lPredicted apparent MDCK cell permeability in nm/sec (<25 poor, >500 great); mPredicted skin permeability (−8.0 
to −1.0 for 95% of drugs); nNumber of likely metabolic reactions (range for 95% of drugs: 1–8);Predicted binding constant to human serum albumin (range for 95% of drugs: −1.5 
to 1.5); pPredicted qualitative human oral absorption: 1, 2, or 3 for low, medium, or high; qNumber of violations of Lipinski’s rule of five, maximum 4; rNumber of violations of 
Jorgensen’s rule of three maximum 3. ADMET, absorption, distribution, metabolism, excretion, and toxicity; CNS, central nervous system; HB, hydrogen bond; HERG, human ether-
a-go-go-related gene; MDCK, Madin-Darby canine kidney; MW, molecular weight; SASA, solvent accessible surface area.
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a summary of the pharmacokinetic property data with a reference 
parameter range. Furthermore, the bioactive compounds under-
went several drug-likeness characteristic screenings. None of these 
bioactive substances passed the polarizability or skin permeability 
tests. However, the compounds demonstrated success in the blood-
brain barrier parameter.

Molecular dynamic simulation (MDS)
Using MDS made it easier to precisely analyse how biological 
macromolecules behaved in regulated physiological environ-
ments. The flexibility and structural variations of docked com-
plexes could be noticed over the simulation period in a biophysical 
system. MDS is a computational tool used to analyse the physical 
interactions in this system.30 Since determining the essential in-
termolecular interactions of the bound ligands and their binding 
stability with the HDAC2 active site was the main goal of this 
MDS study, three chosen bioactive compounds that displayed 
higher docking scores were analyzed utilizing molecular docking 
in the MD simulation for HDAC2. Using GROMACS 2019, the 
radius of gyration (Rg) values as a function of timeand Root Mean 
Square Deviation and Fluctuation (RMSD/F) were calculated. The 
behavior of the projected complex was examined for SRJ09 bound 
to the target protein (PDB ID: 4LXZ), which was run for 5 ns to ac-
count for protein flexibility. By analyzing the trajectories over the 
5 ns time function within the solvated medium, we derived impor-
tant information on the dynamic activity of the tested substances 
through the use of MDS. The alterations in protein-unbound and 
protein-bound ligand complexes were examined under physiologi-
cal conditions using a range of metrics, including gyration radius, 

intermolecular hydrogen bond formation, RMSDs for each ligand 
and backbone atom, and root mean square fluctuation (RMSF) for 
each individual amino acid.

RMSD
By comparing the simulation time to the RMSD of the protein 
backbone atoms, all of the chosen docked complexes’ minor struc-
tural and conformational changes were evaluated. Referring to 
the RMSD from the crystal structure, Figure 2 illustrates how the 
RMSD values in the target protein (PDB ID: 4LXZ-20Y) complex 
showed very little fluctuation; it reached stability at 5 ns, at 0.34 
nm, and no additional substantial deviation was seen. Throughout 
the simulation, the RMSD value steadily grew from 0 to 5 ns and 
achieved a steady level. Figure 2 shows that SRJ09 had average 
RMSD values of 0.31 nm, respectively.

RMSF
The displacement of a specific atom or set of atoms in relation to 
the reference structure, averaged over the total number of atoms, 
is known as the RMSF. This measure works particularly well for 
examining the flexibility of individual residues inside the protein 
backbone. The RMSF analysis of the complex PDB ID: 4LXZ-
SRJ09 is shown in (Fig. 3). Furthermore, average RMSF values 
were computed in relation to the 0–5 ns simulation timescale. For 
the target protein PDB ID: 4LXZ-20Y protein complex, the aver-
age RMSF of HDAC2 over 0 to 5 ns simulation was 0.1 nm. The 
RMSF values indicated that the residues in the β-sheet portions of 
each complex fluctuated less, even though no significant differences 
in values were seen in any system. Ideally, andrographolide showed 

Fig. 2. Plot of RMSD during 5 ns molecular dynamics simulation of target protein (PDB ID: 4LXZ) of HDAC2 in complex with bioactive compounds 20Y and 
SRJ09. HDAC, histone deacetylase; PDB, Protein Data Bank; RMSD, root mean square deviations.
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larger RMSF fluctuations, while SRJ09 had reduced variation.

Rg
The MDS Rg is an essential parameter for assessing the structural 
integrity and compactness of a protein, which ultimately deter-
mines the stability of the system. The mass-weighted root mean 
square distance of an atom from its centerof mass is known as 
the Rg. Figure 4 illustrates the folding competency of the over-
all structure at various points along the trajectory and shows the 
time-dependent Rg analysis for the simulated complexes. PDB ID: 
4LXZ-SRJ09 complex proteins had average Rg values of 2.4 nm 
from 0 to 5 ns. The minor variations in the protein Rg values when 
complexes with PDB ID: 4LXZ-SRJ09 indicates that there was no 
discernible variation in the complex’s folding during the simula-
tion (Fig. 4). This implies that the protein complex maintained its 
structural stability. The compactness of a structure is measured by 
its Rg. A stable binding position was indicated by the Rg values 
of HDAC2 with SRJ09, which remained around 2.4 nm and stabi-
lized between 1 and 5 ns (Fig. 4).

Therefore, the stability of protein-ligand complexes was veri-
fied by the MD simulation study of specific docked complexes. 
The experimental data were confirmed by the low energy values 
found in our simulations, which raise the prospect that flavones 
and diterpenoids may interact with HDAC2. Aromatic interactions 
between TYR-308 and flavones may enhance flavone binding in 
HDAC2 inhibitors. In the current investigation, we discovered 
that all three of the putative HDAC2 inhibitors formed a hydrogen 
bond with the active site residue TYR-308.

Discussion
One of the main aims of computational-based bioinformatics is 

to find potential drug candidates that will boost the effectiveness, 
efficiency, and shorten the time required for drug development. 
Accordingly, we used twenty-five bioactive compounds from An-

Fig. 3. Plot of RMSF values, during 5 ns molecular dynamics simulation of target protein (PDB ID: 4LXZ) of HDAC2 in complex with bioactive compounds 
20Y and SRJ09. HDAC, histone deacetylase; PDB, Protein Data Bank; RMSF, root mean square fluctuation.

Fig. 4. Plot of radius of gyration (Rg) during 5 ns molecular dynamics 
simulation of target protein (PDB ID: 4LXZ) of HDAC2 in complex with 
bioactive compounds 20Y and SRJ09. HDAC, histone deacetylase; PDB, 
Protein Data Bank.
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drographis paniculata as starting compounds in this study and vir-
tually screened structurally similar compounds in the PubChem 
database, considering the minimal toxicity, good compatibility, 
and high oral bioavailability that were previously reported. The 
screened compounds were further reduced using molecular dock-
ing, MD simulation, and MMGBSA analysis in order to find pos-
sible hit compounds. The PubChem database, which offers a large 
library of ligands useful for 3D molecular docking, was used in 
this investigation. Approximately twenty-five bioactive com-
pounds were selected as ligands, and molecular docking was car-
ried out against PDB ID: 4LXZ. The HDAC2 target protein (PDB 
ID: 4LXZ) has an active binding site with amino acids including 
GLU103. Furthermore, the ligand SRJ09 was demonstrated to be 
well bound in the active site of PDB ID: 4LXZ. The MDS study 
yielded satisfactory RMSD and RMSF findings for the bioactive 
compounds, including SRJ09, with no discernible instability ob-
served. Over the course of a 5 ns simulation, all complexes re-
mained stable. Furthermore, an area that appeared substantially 
less flexible in SRJ09 was identified by comparing RMSF versus 
residue number. Amino acids in these regions interacted differently 
with SRJ09, indicating that the structural rigidity of the ligand-
bound complexes was enhanced by the lower RMSF values.29 
However, significant changes were not seen, and the majority of 
residues had RMSF values comparable to those of SRJ09, indi-
cating the preservation of well-organized regions both during and 
after complex formation. We used simulated trajectory-based MM-
GBSA outputs to correlate the binding of SRJ09 with the target 
protein PDB ID: 4LXZ in order to determine the binding energy 
value for the chosen compounds. It is widely recognized that the 
stability of ligand-bound complexes is largely dependent on the 
presence of hydrogen bonds.

According to recent research, the andrographolide derivative 
SRJ09, and especially its analogues, provide a new avenue for 
pharmacological research that could advance the treatment of a 
variety of illnesses, including infections and cancer.31 A prelimi-
nary study was conducted to assess the cytotoxic effect of SRJ09 
against the MCF-7 (breast) and HCT-116 (colon) cancer cell lines, 
evaluating its effects on cell cycle progression and induction of 
apoptosis.32 SRJ09 showed a specific G1 phase cell cycle arrest in 
MCF-7 cells, unlike the parent compound, which showed a non-
phase-specific cell cycle arrest. Notably, SRJ09 induced apopto-
sis more potently, suggesting that changes in the position of the 
bromine substituent in the aromatic ring produce different biologi-
cal outcomes.33 By adding a benzylidene pharmacophore at the 
3,19-positions of the andrographolide structure, it is possible to 
produce phase-specific cell cycle-blocking agents and potent apo-
ptosis inducers.34

Although the computational workflow provided useful prelimi-
nary insights, this study is inherently limited by its exclusive reli-
ance on in-silico data. The docking and MD results were based on 
a single HDAC2 crystal structure and may not fully reflect the pro-
tein’s conformational variability or isoform differences. In addi-
tion, ADME properties were predicted using computational mod-
els, which cannot substitute for experimental pharmacokinetic or 
toxicity assessments. Therefore, the therapeutic potential of SRJ09 
and related compounds still requires validation through systematic 
in-vitro and in-vivo studies.

Conclusions
The plant Andrographis paniculata contains anti-bacterial, anti-
inflammatory, and antioxidant qualities that strengthen the im-

mune system. The HDAC inhibitors have also been shown to be 
potent human fetal hemoglobin inducer to treat beta thalassem-
ia. The finding of SRJ09 derivative of andrographolide, a good 
docking score with binding affinity for the active site of HDAC2. 
Glide score and glide energy of 20Y (an HDAC2 inhibitor of tar-
get protein) showed similar binding affinity to SRJ09 with bio-
active compounds of Andrographis paniculata plant. The results 
showed that SRJ09 had complied with all ADME requirements. 
The MDS study produced acceptable RMSD and RMSF results of 
the bioactive compounds. There was no observable instability be-
tween SRJ09 at 5ns molecular dynamic simulation. We concluded 
that beta thalassemia may manage by the SRJ09 as prospective 
HDAC2 inhibitor drugs that efficacious. These in-silico findings 
suggest that SRJ09 may serve as a promising HDAC2 targeting 
candidate for inducing HbF and potentially managing beta-thalas-
semia. However, because this study relied solely on computational 
data, experimental validation through systematic in-vitro and in-
vivo studies is essential to confirm its therapeutic relevance.
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