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Abstract: Sundarbans is a mangrove forest with plants containing compounds that 

exhibit various pharmacological properties, including antioxidant activity. This study 

used computational analysis to assess the antioxidant activity, binding affinity (BA), 

pharmacokinetics, drug-likeness, and several toxicities of phytochemicals from 

Sundarbans plants for potential treatments of oxidative damage. The findings revealed 

that compounds such as Rutin (RTN), Amentoflavone (AFE), Procyanidin (PYN), Lutein 

(LTN), Asiatic Acid (AC), Lupeol Caffeate (LCE), and Ursolic Acid (UA) showed significant 

antioxidant activity as well as higher BA –8.3, –8.9, –10.2, –8.5, –9.9, –9.6, and –10 kcal/

mol, respectively. Additionally, these compounds demonstrated higher hydrogen bond 

(HB) formation, which is crucial for developing new drugs. Pharmacokinetic analysis 

showed RTN’s excellent solubility and bioavailability, while AFE, LCE, and PYN had 

moderate solubility. AC, AGN, and DGN exhibited high gastrointestinal absorption, with 

DGN having blood-brain barrier permeability, indicating neurological potential. All 

compounds demonstrated good intestinal absorption and Caco-2 permeability, ensuring 

efficient barrier crossing. None of the compounds inhibited cytochrome P450 enzymes, 

reducing drug-drug interaction risks. Toxicity predictions indicated most compounds 

were non-toxic, except UA, which showed hepatotoxicity, but no AMES toxicity or skin 

irritation was observed. These findings suggest that these compounds are promising 

bioactive agents for medicinal use, but further in vitro and in vivo studies, along with 

clinical investigations, are necessary to confirm their therapeutic potential and clarify 

their mechanisms of action. 
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1. Introduction  

A disruption in the equilibrium between the generation of reactive 
oxygen species (ROS) and antioxidant defenses is known as 
oxidative stress (Sachdev et al., 2021). "Reactive oxygen 
species" (ROS) encompass a diverse range of oxidant molecules 
with varying characteristics and biological functions, ranging from 
cellular signaling to cell damage (Sies et al., 2022). When ROS levels 
are excessive, they cause harmful changes to DNA, proteins, and 
lipids found in cells (Birben et al., 2012). Additionally, elevated ROS 
can lead to mtDNA mutations, unchecked growth, and 
carcinogenesis (Kotha et al., 2022). Oxidative stress is highly severe 
and can lead to significant tissue damage (Kulbacka et al., 2009). It 

is correlated with many fatal diseases (Sies et al., 2017). Oxidative 
DNA damage is already widely recognized as one factor 
contributing to cancer development (Hayes et al., 2020; Saha et al., 
2017). Oxidative stress should be regarded as either a major or 
secondary cause of many CVDs, according to study findings from 
recent years (Dubois-Deruy et al., 2020). Numerous neurological 
conditions, including Parkinson's disease, Alzheimer's disease (AD), 
multiple sclerosis, amyotrophic lateral sclerosis (ALS), depression, 
and memory loss, have been connected to oxidative stress (Neves 
Carvalho et al., 2017). Numerous studies have demonstrated the 
connection between oxidative stress and lung conditions such as 
asthma and chronic obstructive pulmonary disease (COPD) (Sierra-
Vargas et al., 2023). It is also correlated with several 
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neurodegenerative conditions (Niedzielska et al., 2016). 

To avoid oxidative damage, two medicinal plant extracts, 
Andrographis paniculata and Swertia chirata, significantly reduce 
reactive oxygen species (ROS), including lipid peroxidation 
(Tripathi et al., 2007). Numerous studies have demonstrated the 
potential of plant polyphenols as antioxidants to prevent various 
illnesses brought on by oxidative stress (Boo, 2019; Pawlowska et 
al., 2019). Numerous antioxidants, including polyphenols, 
flavonoids, and vitamin E, are effective in preventing oxidative 
stress (Pizzino et al., 2017). Compounds having an antioxidant can 
prevent oxidative stress as well as oxidative damage (Santos-
Sa nchez et al., 2019). The Sundarbans has various plant species 
(Rahman, 2020), and they exhibit antioxidant activity. 

A natural product is a chemical compound or substance produced 
by living organisms, including plants, animals, and microorganisms 
(Chowdhury & Al Hasan, 2025; Aktar et al., 2024; Bithi et al., 2025). 
Natural products like plant extracts, perhaps as pure chemicals or 
as standardized extracts, provide limitless opportunities for the 
discovery of novel medications (Jahan Tamanna et al., 2024). 
Medicinal plants have a variety of compounds that make them 
strong antioxidants and help to sequester ROS in functioning cells 
(Anbessa et al., 2024). 

Sundarbans, the largest mangrove forest in the world, is biodiverse 
with a large number of floral species, about 334 (https://
whc.unesco.org/en/list/798/). Chemical compounds derived from 
mangroves are used in folk and traditional medicine (Simlai & Roy, 
2013). Antioxidants have shielded the body from the damaging 
effects of free radicals and play a vital role in reducing oxidative 
stress (Adwas et al., 2019; Gautam et al., 2022). They inhibit the 
production of free radicals, scavenge, and increase the degradation 
of free radicals (Jelinek et al., 2021). Synthesized antioxidants may 
exude toxic side effects and contraindicatory reactions, leading to 
problems such as allergies, irritant contact dermatitis, 
phototoxicity, and photoallergies (Ibrahim et al., 2021; Muflihah et 
al., 2021). Therefore, it is beneficial to locate natural antioxidants to 
lower health risks. Sundarbans plants thrive in extreme saline and 
oxidative stress conditions, likely enhancing their antioxidant 
potential beyond other natural sources (Nirjhar et al., 2017). 

Computer-aided drug design (CADD) has the potential to reduce 
research costs by saving time and money on molecule synthesis 
(Abishad et al., 2021). In silico methods, such as molecular docking, 
have been extensively used in addition to analytical approaches to 
assess phytochemicals' capacity to block enzymes that adversely 
affect antioxidant activity (Kritsi et al., 2022). Furthermore, the 
molecule's physicochemical characteristics would offer crucial 
details about the early stages of drug development (Abishad et al., 
2021). The study of a drug's absorption, distribution, metabolism, 
and excretion by the body is known as pharmacokinetics (Hedaya, 
2023). Pharmacokinetic studies aim to optimize drug therapy by 
ensuring the drug concentration stays within the therapeutic range 
(Alagga et al., 2024). Although computational studies in drug 
discovery have limitations in model accuracy and may not fully 
capture biological complexity, they remain valuable for guiding 
experimental efforts, enhancing efficiency, and accelerating the 
identification of potential drug candidates (Sacan et al., 2012). The 
study aims to predict the antioxidant properties of Sundarbans 
plants using in silico approaches. 

2. Materials and methods 

2.1. In silico study 

2.2. Pass prediction evaluation 

Prediction of Activity Spectra for Substances (PASS) is a 
computational knowledge that predicts a substance's biological 

activity (Filimonov et al., 2018). Based on the structural formula of 
organic compounds, it can forecast more than 4,000 different 
biological activities, including pharmacological effects and methods 
of action (Filimonov et al., 2014). We employed a publicly available 
online resource in our investigation (https://www.way2drug.com/
passonline/predict.php) to determine the Pa and Pi values of 
antioxidant activity of several compounds of Sundarbans plant. 
First, we evaluated over 400 phytochemicals from Sundarbans 
plants and performed PASS prediction based on the Pa value for 
antioxidant properties, followed by the docking stage. The 11 
phytochemicals were selected based on their higher Pa values and 
lower Pi values compared to the other screened compounds. 

2.3. Ligand preparation  

The 3D structure of the phytochemicals AC (CID:119034), Aegicerin 
(AGN) (CID: 15558423), AFE (CID: 5281600), Beta Amyrone (BA) 
(CID: 12306160), Diosgenin (DGN) (CID: 99474), Friedeline (FDE) 
(CID: 91472), LCE (CID: 12149208), LTN (CID: 5281243), PYN 
(CID: 107876), RTN (CID: 5280805), and UA (CID: 64945) were 
downloaded in SDF format from the PubChem online chemical 
database (https://pubchem.ncbi.nlm.nih.gov/). We used Allinger’s 
force field (MM2) method for minimization of the ligands by using 
the Chem3D 22.0 program package (Chowdhury et al., 2024; Al 
Hasan et al., 2025a). The two- dimensional structure of the 
chemical compounds is illustrated in Fig. 1. 

2.4. Protein preparation  

We chose the three-dimensional crystal structure of copper, zinc 
SOD (PDB ID: 1CB4, chain A and B) (Zhao et al., 2012), and the 
crystal structure of human glutathione peroxidase 7 (PDB ID: 2P31, 
chain A and B) (Maegawa et al., 2008) via the RCSB Protein Data 
Bank (https://www.rcsb.org/) After that, we eliminate any extra 
chains, lipids, water molecules, and other unnecessary elements by 
using PyMol (Bhuia et al., 2023a; Al Hasan et al., 2025b). Energy 
levels were then reduced using the SwissPDB Viewer program 
(Bhuia et al., 2023b; Jahan et al., 2025). At last, we saved the 
molecular docking process in PDBQT format. 

2.5. Molecular docking and visualization 

After preparing the ligands and proteins, we utilized PyRx software 
to determine the BA (Islam et al., 2025). The docking process 
involved the grid box's measurements (along the x-, y-, and z-axes, 
which were fixed to 85 × 80 × 75 A ) as well as the calculation 
involving 2000 steps for perfect docking. The protein-ligand 
complex was saved in CSV file format to collect the ligand in PDBQT 
format, and Discovery Studio software was used to visualize 
protein-ligand interaction as well as visualize non-bond interaction 
(Ghosh et al., 2025; Ferdous et al., 2024). 

2.6. Determination of ADMET, Lipinski rule, pharmacokinetics, 
and drug likeness 

The SwissADME online platform (http://www.swissadme.ch/) are 
used for analysis pharmacokinetics, drug-likeness and 
physiological properties including solubility class, Lipinski rule and 
Bioavailability Score (Islam et al., 2024b; Akbor et al., 2023). 
Additionally, we used pkCSM (https://biosig.lab.uq.edu.au/pkcsm/
prediction) online server utilized to predict ADMET evaluation 
(Islam et al., 2024a). 

2.7. Acute toxicity prediction 

Although, various online tool involved to evaluate acute toxicity 
prediction but we utilized Stop Tox (https://stoptox.mml.unc.edu/) 
online server tool to predict various parameter such as: Acute 
Inhalation Toxicity, Acute Oral Toxicity, Acute Dermal Toxicity, Eye 
Irritation and Corrosion, Skin Sensitization and Skin Irritation and 
Corrosion (Al Hasan et al., 2024). 

Nun et al. 

https://journals.blrcl.org/index.php/jmct
https://whc.unesco.org/en/list/798/
https://whc.unesco.org/en/list/798/
https://www.way2drug.com/passonline/predict.php
https://www.way2drug.com/passonline/predict.php
https://pubchem.ncbi.nlm.nih.gov/
https://www.rcsb.org/
http://www.swissadme.ch/
https://biosig.lab.uq.edu.au/pkcsm/prediction
https://biosig.lab.uq.edu.au/pkcsm/prediction
https://stoptox.mml.unc.edu/


Journal of Medicinal Chemistry and Therapeutics | 01(01): 20250005 3 of 15 

 
 

 

Asiatic Acid Aegicerin Amentoflavone 

 

  
  

 

  

 

Beta Amyrone Diosgenin Friedeline 

 

  

Lupeol Caffeate Lutein Procyanidin 

 
 

  

Rutin Ursolic Acid   

Fig. 1. The 2-dimentional chemical structures of Sundarbans phytochemicals. 
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3. Results and discussion 

3.1. Pass prediction evaluation 

PASS is a computational tool that predicts the biological activity of 
chemical compounds based on their molecular structure, using 
geometry to characterize buried protein regions and identify 
binding sites (Parasuraman, 2011). Pharmaceutical research, a 
laborious, high-risk procedure that takes 12 years and $800 
million, tries to find new medications for illnesses (Poroikov & 
Filimonov, 2005). Pass prediction is essential for lowering 
expenses, speeding up the development process, and ranking 
compounds with the best chance of success (Arabi & Kawsar, 
2023). We used pass prediction to evaluate the antioxidant activity 
of 11 compounds that were produced from Sundarbans plants. We 
used pass prediction to evaluate antioxidant activity that was 

produced from Sundarbans plants, whose values of Pa and Pi vary 
between 0.00 and 1.00. However, a higher Pa value indicates a 
higher probability of the compounds exhibiting pharmacological 
action (Lakhera et al., 2022). Overall, PASS is a trustworthy method 
for rapid screening and hypothesis generation overall, but its 
predictions should be carefully evaluated and supported by 
experimental confirmation (Lakens & DeBruine, 2021). 

According to our pass prediction evaluation, RTN has the highest 
antioxidant activity (Pa value of 0.923), and DGN has the lowest 
antioxidant activity (Pa value of 0.190). Additionally, PYN, AFE, 
LTN, AC, and UA demonstrated significant antioxidant properties 
with higher Pa values 0.647, 0.652, 0.609, 0.399, and 0.302, 
respectively. However, the pass prediction data for all compounds 
is shown in Table 1.  

Ligand name PubChem CID Antioxidant properties 

Pa Pi 
AC 119034 0.399 0.012 

AGN 15558423 0.249 0.036 
AFE 5281600 0.652 0.004 
BA 12306160 0.291 0.024 

DGN 99474 0.190 0.061 

FDE 91472 0.251 0.036 

LCE 12149208 0.464 0.008 

LTN 5281243 0.609 0.004 

PYN 107876 0.647 0.004 
RTN 5280805 0.923 0.003 

UA 64945 0.302 0.023 

AC: Asiatic Acid; AGN: Aegicerin; AFE: Amentoflavone; BA: Beta Amyrone; DGN: Diosgenin; FDE: Friedeline; LCE: Lupeol Caffeate; LTN: Lutein; 

PYN: Procyanidin; RTN: Rutin; UA: Ursolic Acid 

Table 1. PASS calculated data of selected com-

3.2. Molecular docking and visualization of ligand-receptor 
interaction 

3.2.1. Interaction with ICB4 receptor  

In this study, we examined the binding interactions between 
different ligands and the ICB4 receptor. In silico study showed that 
PYN exhibited a BA of −10.2 kcal/mol, forming four HBs with LYS 
B: 9 (2.61), VAL B: 146 (1.90), ASN A: 51 (2.90), VAL A: 7 (2.43), 
CYS A: 144 (2.73), and GLY B: 54 (2.54) along with a hydrophobic 
interaction with LYS B: 9, LYS A: 9, VAL A: 146, and VAL B: 146. UA 
also showed a BA of –10 kcal/mol, forming 2 HBs with GLU A: 107 
(2.92), and GLY A: 106 (2.54), in addition to a hydrophobic 
interaction with ALA A: 1, ALA B: 1, and ILE B: 149. DGN exhibited a 
BA of –9.7 kcal/mol, forming three HBs with ASP B: 11 (2.60), ASN 
B: 51 (2.57), and VAL B: 146 (2.16), as well as a hydrophobic 
interaction with VAL A: 7, VAL A: 146, and VAL B: 7. Again, AC 
showed a stronger BA of 9.9 kcal/mol, forming four HBs with SER 
A: 109 (2.52), ALA B: 1 (2.46), SER B: 109 (2.60), and GLU A: 107 
(2.91), along with a hydrophobic bond with ALA A: 1, ALA B: 1, and 
ILE B: 149. The other two compounds FDE and LCE, also showed a 
BA of –9.7 kcal/mol and –9.4 kcal/mol, respectively. 

3.2.1. Interaction with 2P31 receptor 

In this work, we investigated how different ligands bind to the 
2P31 receptor. LCE exhibited a BA of –9.6 kcal/mol, forming two 
HBs with ARG B: 106 (2.45) and SER A: 102 (2.62), as well as two 
hydrophobic bonds with GLU B: 99 and ARG A: 106. AFE showed a 
BA of –8.9 kcal/mol, forming four HBs with GLU B: 56 (3.08), SER 

A: 102 (2.81), ARG A: 106 (2.48), and THR B: 60 (2.41), as well as 3 
hydrophobic bonds: GLU B: 56, ARG A: 105, and ARG A: 106. LTN 
has a BA of –8.5 kcal/mol, forming one HBs with GLU B: 56 (2.46), 
along with five hydrophobic bonds with ARG A: 65, ALA A: 66, ARG 
A: 106, PHE B: 103, and TYR B: 108. BA exhibited considerable 
strong BA of −8.4 kcal/mol, forming two HBs with LYS B: 98 (2.60) 
and SER B: 102 (2.22). AGN, DGN, and RTN exhibited similar BA of 
−8.3 kcal/mol. RTN formed four HBs with ARG A: 106 (2.36), CYS B: 
57 (2.49), GLU B: 56 (2.72), and LYS A: 98 (2.58), along with two 
hydrophobic bonds with ARG A: 105 and ARG A: 106, while DGN 
formed two HBs with ASN A: 80 (2.24) and ARG A: 105 (2.94) and 
AGN formed one HBs with ASP B: 61 (2.83). 

BA has arguably been the most important quantitative metric to 
describe the interaction between a ligand and targeted proteins 
(Hasan et al., 2019). Drug-receptor interactions, stability, and 
specificity are improved by HBs in molecular docking, which 
guarantees strong target modulation at lower dosages for 
therapeutic efficacy and safety (Prottay et al., 2024). For the ICB4 
receptor, PYN, DGN, AC, LCE, and UA exhibited a significant BA as 
well as strong HB and hydrophobic bond. Ascorbic acid, considered 
one of the standard antioxidants, had a BA of −7.120 against the 
1CB4 receptor (Hwang & Lee, 2023; Amanat et al., 2021). Whereas, 
in our study, the analysis of the 2P31 receptor RTN, LTN, DGN, LCE, 
and AFE showed a considerable BA as well as strong HBs and 
hydrophobic bonds. Our final docking results indicate that RTN, 
LTN, DGN, AFE, PYN, AC, LCE, and UA can be options of promising 
medication candidates because of their improved BA, HBs and 
interaction profiles. All the data are given in Table 2 and Fig. 2. 
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PDB ID Ligands 
  

Binding 
affinity 
(kcal/mol) 

AA Residues 

No of 
HB 

HB (Bond length) (A˚) Others 

ICB4 AC –9.9 4 SER A: 109 (2.52), ALA B: 1 (2.46), SER B: 
109 (2.60), GLU A: 107 (2.91) 

ALA A: 1, ALA B: 1, ILE B: 149 

DGN –9.7 3 ASP B: 11 (2.60), ASN B: 51 (2.57), VAL B: 
146 (2.16) 

VAL A: 7, VAL A: 146, VAL B: 7 

FDE –9.7 - - ALA B: 1, ILE B: 111, ILE B: 149 
LCE –9.4 - - ALA A: 1, ALA B: 1, ILE B: 111, ILE B: 

149, PRO B: 64 
PYN –10.2 6 LYS B: 9 (2.61), VAL B: 146 (1.90), ASN A: 

51 (2.90), VAL A: 7 (2.43), CYS A: 144 
(2.73), GLY B: 54 (2.54) 

LYS B: 9, LYS A: 9, VAL A: 146, VAL B: 
146 

UA –10 2 GLU A: 107 (2.92), GLY A: 106(2.54) ALA A: 1, ALA B: 1, ILE B: 149 

2P31 AGN –8.3 1 ASP B: 61 (2.83) ARG A: 106, LYS A: 98 

AFE –8.9 4 GLU B: 56 (3.08), SER A: 102 (2.81), ARG 
A: 106 (2.48), THR B: 60 (2.41) 

GLU B: 56, ARG A: 105, ARG A: 106 

BA –8.4 2 LYS B: 98 (2.60), SER B: 102 (2.22) ARG B: 106 

DGN –8.3 2 ASN A: 80 (2.24), ARG A: 105 (2.94) 
  

PRO A: 113, TYR A: 43, HIS A: 78 

LCE –9.6 2 ARG B: 106 (2.45), SER A: 102 (2.62) GLU B: 99, ARG A: 106 

LTN 
  

–8.5 1 GLU B: 56 (2.46) ARG A: 65, ALA A: 66, ARG A: 106, 
PHE B: 103, TYR B: 108 

RTN –8.3 4 ARG A: 106 (2.36), CYS B: 57 (2.49), GLU 
B: 56 (2.72), LYS A: 98 (2.58) 

ARG A: 105, ARG A: 106 

AC: Asiatic Acid; AGN: Aegicerin; AFE: Amentoflavone; BA: Beta Amyrone; DGN: Diosgenin; FDE: Friedeline; LCE: Lupeol Caffeate; LTN: Lutein; PYN: 

Procyanidin; RTN: Rutin; UA: Ursolic Acid 

Table 2. Top selected compounds according to binding affinity and their amino acid residue inter-
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Fig. 2. The 2D and 3D non-bond interaction of selected compounds with selected ICB4 and 2P31 receptors. [AC: Asiatic Acid; AGN: Aegicerin; 
AFE: Amentoflavone; BA: Beta Amyrone; DGN: Diosgenin; LCE: Lupeol Caffeate; LTN: Lutein; PYN: Procyanidin; RTN: Rutin; UA: Ursolic Acid] 

3.3. Lipinski rule, pharmacokinetics and drug likeness 
evaluations 

Pharmacokinetics is the study of how the body reacts to drugs 
through metabolism, excretion, distribution, and absorption. 
Absorption: Explains how drugs enter the body and move from the 
point of administration into the blood. Distribution: Explains how 
the medication travels via the blood to different human tissues. 
Metabolism: Describes the biotransformation process of the drug by 
the liver, kidney, or digestive tract so that the drug can be excreted. 
Excretion: Describes the elimination of drug compounds from the 
body (Bereda, 2022; Adepu & Ramakrishna, 2021; Talevi & Bellera, 
2024). Pharmacokinetics plays a critical role in drug development 
and clinical practice (Lin & Lu, 1997). It provides the scientific basis 
for determining appropriate dosing regimens, ensuring that drugs 
achieve therapeutic concentrations without reaching toxic levels 
(Gross, 1988). It also helps anticipate drug interactions and direct 
modifications in special populations, which eventually leads to 
more accurate and efficient treatment (Tannenbaum & Sheehan, 
2014). The pharmacokinetic parameter was predicted using the 
SwissADME online tool. Our special physicochemical and ADMET 
features showed important differences among the 11 compounds 
AC, AGN, AFE, BA, DGN, FDE, LCE, LTN, PYN, RTN, and UA. The 
Lipinski rule of Five is a set of rules used in drug discovery to 

evaluate orally deliverable compounds according to characteristics 
such as molecular mass, clogging, and the number of donors and 
acceptors of HBs (Islam et al., 2024a). According to our study, all 
compounds adhere to Lipinski's rule except AFE, LCE, PYN, and RTN 
with a good bioavailability score, respectively. The molecular 
weights of AC, AGN, BA, FDE DGN, and UA range from 414.62 g/mol 
to 488.7 g/mol. The other molecules, such as AFE, LCE, LTN, PYN, 
and RTN, showed heavier molecular weights ranging from 538.46 
g/mol to 610.52 g/mol. According to solubility, AC, AGN, AFE, BA, 
FDE, and UA are poorly soluble. DGN and PYN are moderately 
soluble. The results demonstrated that RTN is fully soluble and LCE 
is insoluble. The data showed that only DGN maintains BB 
permeability. The result also showed that all the compounds are not 
CYP1A2 inhibitors; also, they don’t inhibit the CYP2C19 enzyme, 
indicating their high potential as a therapeutic drug. Our study 
highlights that these compounds such as RTN, AFE, PYN, LTN, AC, 
LCE, and UA maintain strong pharmacokinetic profiles with good 
bioavailability despite some exceeding Lipinski’s rule limits. RTN is 
unique in that it is completely soluble, while AFE and PYN show 
moderate solubility and bioavailability. AC, AGN, and DGN express 
high GI absorption. The compound's potential as a therapeutic 
medicine is further supported by the fact that none of them inhibit 
CYP1A2 or CYP2C19. However, pharmacokinetics and drug likeness 
data show in Table 3. 
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Parameters/ 
ligands 

AC AGN AFE BA DGN FDE LCE LTN PYN RTN UA 

Physiochemical properties 
Molecular mass 
(g/mol) 

488.7 
  

456.7 538.46 424.7 414.62 426.72  588.86 568.87 594.52 610.52 456.70 

Number of  
aromatic heavy  
atoms 

0 0 32 0 0 0 6 0 24 16 0 

Number H-bond 
acceptors 

5 3 10 1 3 1 4 2 13 16 3 

Number H-bond 
donors 

4 1 6 0 1 0 2 2 10 10 2 

Molar  
Refractivity 

139.24 134.56 146.97 133.92 121.59 134.39 178.54 186.76 147.52 141.38 136.91 

TPSA (Å²) 97.99 46.53 181.8 17.07 38.69 17.07 66.76 40.46 229.99 269.43 57.53 

Lipophilicity 
Log Po/w 

(MLOGP) 
4.14 5.12 0.25 6.82 4.94 6.92 6.78 10.40 –0.60 –3.89 5.82 

Water solubility 

Solubility class Poorly 
soluble 

Poorly 
soluble 

Poorly 
soluble 

Poorly 
soluble 

Moder
ately 
soluble 

Poorly 
soluble 

Insolub
le 
  

- 
  

Modera
tely 
soluble 

Soluble Poorly 
soluble 

 Pharmacokinetics 
GI absorption High High Low Low High Low Low - Low Low Low 

BBB permeant No No No No Yes No No - No No No 

P-gp substrate Yes No No No No No No - No Yes No 

CYP1A2 
inhibitor 

No No No No No No No - No No No 

CYP2C19  
inhibitor 

No No No No No No No - No No No 

Drug-likeness 

Lipinski Yes; 0 
vio 

Yes; 1 
vio 

No, 2 
vio 

Yes; 1 
vio 

Yes, 1 
vio 

Yes; 1 
vio 

No; 2 
vio 

- No; 3 
vio 

No; 3 
vio 

Yes; 1 
vio 

Bioavailability 
score 

0.56 0.55 0.17 0.55 0.55 0.55 0.17 - 0.17 0.17 0.85 

BBB: Blood-Brain Barrier; GI: Gastrointestinal; TPSA: Topological Polar Surface Area; AC: Asiatic Acid; AGN: Aegicerin; AFE: Amentoflavone; BA: Beta 
Amyrone; DGN: Diosgenin; FDE: Friedeline; LCE: Lupeol Caffeate; LTN: Lutein; PYN: Procyanidin; RTN: Rutin; UA: Ursolic Acid; Vio: Violation 

Table 3. Data of pharmacokinetics and drug likeness properties of the selected compounds. 

3.4. ADME Studies 

ADME is the abbreviation for Absorption, Distribution, Metabolism, 
and Excretion that describes how a drug moves throughout and is 
processed by the body (Mahalakshmi et al., 2024). Our investigation 
suggests that UA showed higher water solubility (–3.072 log mol/
L), the highest human intestinal absorption (100%), and high Caco-
2 permeability (1.171). Our ADME studies demonstrated that AC, 
LCE, PYN, and AFE showed higher water solubility (–3.008, –3.787, 
–2.892, and –2.892 log mol/L), high human intestinal absorption 
(62.855%, 94.06%, 55.527%, 84.356%), and moderate Caco-2 
permeability (0.479, 0.507, 0.131, 0.145). Although RTN has higher 
water solubility (–2.892 Log mol/L), it has lower intestinal 
absorption and lower Caco-2 permeability. Our study also said that 
LTN has higher Caco-2 permeability (1.251) and high intestinal 
absorption (89.781%) but lower water solubility. Our result also 

said that none of them inhibit several metabolizing enzymes, such 
as CYP2D6, CYP2C19, CYP1A2, CYP2C9, and CYP3A4. Our result also 
suggests that RTN and LCE showed higher total clearance, about 
13.3 and 8.13, suggesting rapid elimination from the body. Again, 
LTN, AFE, and AC showed moderate clearance with values of 0.924, 
0.484, and 0.202 ml/min/kg, respectively. 

Our investigation said that UA maintains the highest water 
solubility, intestinal absorption, and Caco-2 permeability. LCE, AC 
AFE, and PYN demonstrate significant solubility, moderate 
permeability, and high intestinal absorption. LTN also shows high 
permeability. RTN and LCE have the highest clearance, whereas 
LTN, AFE, and AC show moderate clearance. Also, all the 
compounds don’t inhibit key metabolic enzymes. These results 
indicate their potentiality as a therapeutic drug. However, all the 
ADME results are shown in Table 4. 

Nun et al. 
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3.5. Aquatic and non-aquatic toxicity studies 

Studies of aquatic toxicity evaluate the detrimental effects of 
chemicals on aquatic life, whereas studies of non-aquatic toxicity 
evaluate the impacts on terrestrial life, such as plants, animals, and 
soil microbes (Al Hasan et al., 2024). In this study, all the ligands, 
including RTN, AFE, PYN, LTN, AC, and LCE, exhibit no acute AMES 
toxicity and no skin sensitization, indicating that these compounds 

may not cause genetic mutations and allergic reactions. The result 
also said that all the compounds may not cause hepatotoxicity 
except UA. Based on aquatic and non-aquatic toxicity studies, it can 
be said that all the compounds, including RTN, AFE, PYN, LTN, AC, 
and LCE, can be potential and safe drug, as they don’t show AMES 
toxicity, hepatotoxicity, and skin sensitization. However, aquatic 
and non-aquatic toxicity results are shown in Table 5. 

Ligand 
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Absorption Distribution Metabolism Excretion 
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AC –3.008 62.855 0.479 –1.600 –0.646 No No No No No 0.202 No 

AGN –5.995 94.886 1.371 0.198 0.182 No No No No No –0.093 No 
AFE –2.892 84.356 0.145 –1.066 –1.653 No No No No No 0.484 No 

BA –6.674 97.473 1.332 0.224 0.693 No No No No No –0.096 No 

DGN –5.539 96.565 1.293 0.426 0.200 No No No No No 0.328 Yes 

FDE –5.514 98.736 1.266 –0.272 0.720 No No No No No –0.040 No 

LCE –3.787 94.06 0.507 1.440 –1.730 No No No No No 8.130 No 

LTN –6.822 89.781 1.251 –0.230 –0.215 No No No No No 0.924 No 

PYN –2.892 55.527 0.131 0.193 –1.783 No No No No No –0.058 No 
RTN –2.892 23.446 –0.949 0.770 –4.610 No No No No No 13.300 No 
UA –3.072 100.00 1.171 –1.088 –0.141 No No No No No 0.083 No 

BBB: Blood-Brain Barrier; VDss: Volume of Distribution at Steady State; AC: Asiatic Acid; AGN: Aegicerin; AFE: Amentoflavone; BA: Beta 
Amyrone; DGN: Diosgenin; FDE: Friedeline; LCE: Lupeol Caffeate; LTN: Lutein; PYN: Procyanidin; RTN: Rutin; UA: Ursolic Acid 

Ligand 
name 

AMES 
toxicity 

Hepato­
toxicity 

Oral rat 
chronic 
toxicity 
(mg/kg.bw/
day) 

Oral rat 
acute toxici­
ty (LD50) 

Max. tolerated 
dose (log mg/
kg/day) 

T. Pyriformis       
toxicity 
(log ug/L) 

Skin sensitisation 

AC No No 0.575 2.592 0.078 0.285 No 
AGN No No 1.551 2.004 –0.43 0.363 No 
AFE No No 3.572 2.527 0.438 0.285 No 
BA No No 0.868 2.261 –0.31 0.377 No 
DGN No No 1.452 1.921 –0.559 0.399 No 
FDE No No 0.909 2.640 –0.213 0.300 No 
LCE No No 1.310 1.908 0.419 0.285 No 
LTN No No 2.572 3.491 –1.068 0.335 No 
PYN No No 3.857 2.482 0.438 0.285 No 
RTN No No 3.673 2.491 0.452 0.285 No 
UA No Yes 2.054 2.346 0.199 0.285 No 
AC: Asiatic Acid; AGN: Aegicerin; AFE: Amentoflavone; BA: Beta Amyrone; DGN: Diosgenin; FDE: Friedeline; LCE: Lupeol Caffeate; LTN: Lutein; PYN: 

Procyanidin; RTN: Rutin; UA: Ursolic Acid 

Table 5. Aquatic and non-aquatic toxicity of the selected ligands. 

Table 4. ADME properties and toxicity predictions of the selected ligands. 
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3.6. Acute toxicity prediction 

StopTox is a computational software program that replaces in vivo 
6-pack tests (1. Acute Inhalation Toxicity; 2. Acute Oral Toxicity; 3. 
Acute Dermal Toxicity; 4. Eye Irritation and Corrosion; 5. Skin 
Sensitization; 6. Skin Irritation and Corrosion) by predicting the 
toxicity hazards of tiny organic compounds using QSAR models 
(Borba et al., 2022). In the study of acute toxicity prediction, it is 
expressed that RTN, AFE, PYN, UA, AC, and LCE showed no toxicity 
when inhaled over a short period. Additionally, RTN, AFE, PYN, UA, 
LTN AC, and LCE showed no acute toxicity, suggesting that they 
would not cause considerable harm. Our investigation also suggests 
that UA, LTN AC, and LCE showed no dermal toxicity when they 

came into direct contact with the skin over a short period. 
According to our study, RTN, PYN, UA, LTN, and AC showed no eye 
irritation as well as skin sensitization. Our research also expressed 
that all the selected compounds, including RTN, AFE, PYN, UA, LTN 
AC, and LCE, have no skin irritation and corrosion effect, meaning 
that these compounds, when exposed to the skin, don't produce 
skin irritation or corrosion. Overall, AC, AGN, DGN, and UA are the 
safest compounds, as well as BA, FDE, LCE, LTN, PYN, and RTN, 
which can be second choices. Additionally, AFE has moderate-level 
toxicity, with allergic reactions and dermal and eye irritation 
toxicity. The acute toxicity of the selected ligands is shown in Table 
6. 

Ligand 
name 

Acute  
inhalation  
toxicity 

Acute oral  
toxicity 

Acute dermal 
toxicity 

Eye irritation 
and corrosion 

Skin  
sensitization 

Skin irritation 
and corrosion 

AC Non-Toxic Non-Toxic 
  

Non-Toxic 
 

Non-Toxic  
  

Non-Sensitizer 
  

Negative 
  

AGN Non-Toxic Non-Toxic Non-Toxic Non-Toxic Non-Sensitizer Negative 

AFE Non-Toxic 
 

Non-Toxic 

 

Toxic 
  

Toxic 

 

Sensitizer 

 

Negative 

 

BA Toxic 

 

Non-Toxic 
  

Non-Toxic 

 

Non-Toxic 

 

Sensitizer 

 

Negative 
  

DGN Non-Toxic 
  

Non-Toxic 

 

Non-Toxic 
  

Non-Toxic 
  

Non-Sensitizer 

 

Negative 

 

FDE Non-Toxic Non-Toxic Non-Toxic 
 

Non-Toxic 
 

Sensitizer 
 

Negative 
  

Nun et al. 
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4. Novelty, key findings, and limitations      

Based on BA, we separated 11 phytochemicals among hundreds of 
thousands of phytochemicals found in 400 Sundarbans plants from 
various publications. We primarily identified seven chemicals in our 
computational investigation (AFE, LTN, PYN, RTN, AC, LCE, and UA) 
that have higher antioxidant activity. Although the compound's 
antioxidant activity has been studied previously, it is not sufficient 
for drug establishment. Our study describes their antioxidant 
activity as well as their BA, pharmacokinetic studies, ADME studies, 
and toxicology studies. Furthermore, we recommended doing in 
vitro and in vivo research to confirm these new compounds as 
antioxidant medications. 

Our pass prediction showed that RTN exhibited the highest 
predicted antioxidant activity. Additionally, LCE, AFE, PYN, LTN, AC, 
and UA demonstrated significant antioxidant potential. Our docking 
score suggested that PYN exhibited the highest docking score with 
ICB4, forming six HBs and four hydrophobic bonds. Additionally, 
RTN, LCE, AFE, LTN, AC, and UA also showed strong BA with HBs. 
According to our pharmacokinetic research, compounds such as 

RTN, PYN LCE, AFE, LTN, AC, and UA have good pharmacokinetic 
characteristics, though some of them do not obey Lipinski's rules. 
ADME analysis revealed AFE, PYN, and RTN as highly water-soluble, 
while LCE showed the highest VDss, and UA exhibited the greatest 
human gastrointestinal absorption. Our toxicity prediction also said 
that our selected compound expresses lower toxicity. However, our 
study relies solely on computational predictions, which, while 
valuable for initial insights, have inherent limitations such as 
scoring function biases and lack of full biological complexity. 
Therefore, experimental validation (in vitro/in vivo) is crucial to 
confirm the accuracy, reliability, and real-world applicability of 
these predictions. Antioxidant activity of these compounds could be 
experimentally validated using cell-based assays, such as MTT or 
viability assays to evaluate cytoprotective effects and DCFH-DA 
(dichlorofluorescein diacetate) assays to quantify intracellular 
reactive oxygen species (Nwachukwu et al., 2021). Furthermore, 
using animal models (such as mice or rats) to induce oxidative 
stress with substances like carbon tetrachloride or H2O₂ and 
measure biomarkers like malondialdehyde (MDA), superoxide 
dismutase (SOD), and catalase levels in tissues could be used to 

Ligand 
name 

Acute  
inhalation  
toxicity 

Acute oral  
toxicity 

Acute dermal 
toxicity 

Eye irritation 
and corrosion 

Skin  
sensitization 

Skin irritation 
and corrosion 

LCE Non-Toxic Non-Toxic Non-Toxic 
 

Non-Toxic 
 

Sensitizer Negative 

LTN Toxic Non-Toxic Non-Toxic Non-Toxic   
 

Non-Sensitizer 
 

Negative 

PYN Non-Toxic  Non-Toxic  Toxic  Non-Toxic  Non-Sensitizer  Negative  
 

RTN Non-Toxic  
 

Non-Toxic  Toxic  Non-Toxic  Non-Sensitizer  Negative  

UA Non-Toxic  Non-Toxic  Non-Toxic  Non-Toxic  Non-Sensitizer  
 

Negative 

AC: Asiatic Acid; AGN: Aegicerin; AFE: Amentoflavone; BA: Beta Amyrone; DGN: Diosgenin; FDE: Friedeline; LCE: Lupeol Caffeate; LTN: Lutein; PYN: 
Procyanidin; RTN: Rutin; UA: Ursolic Acid 

Nun et al. 
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assess in vivo antioxidant capability (Unsal et al., 2020; Szymonik-
Lesiuk et al., 2003). A possible mechanism is shown in Fig. 3, which 
enhanced the novelty. 

antioxidant activity, these compounds should be examined both in 
vivo and in silico. New natural treatments for oxidative damage 
might be created if this research is successful. It could result in 

safer and more effective therapeutic approaches. 

5. Conclusion with future perspective  

In summary, our computational study identified some compounds 
that have significant antioxidant activity obtained from several 
Sundarbans plants. These compounds demonstrated favorable 

Fig. 3. The possible antioxidant mechanism of some phytochemicals of Sundarbans plants. [Phytochemicals from Sundarbans plants act 
as antioxidants, neutralizing reactive oxygen species (ROS) and preventing oxidative stress. They inhibit cellular damage by scavenging free radicals and 
enhancing antioxidant enzyme activity. Compounds stimulate superoxide dismutase (SOD) and glutathione peroxidase 7 (GPx7), converting superoxide 
anions and hydrogen peroxide into harmless molecules. This mechanism supports cellular defense and maintains redox balance.] 

pharmacokinetics and low toxicity, indicating their potential as safe 
drug candidates. Their properties suggest suitability for further 
development in pharmaceutical applications. According to our 
investigation, RTN, LCE AFE, PYN, LTN, AC, and UA are powerful 
antioxidants with high BA. Our pharmacokinetics and ADMET study 
also express their good pharmacokinetics with water solubility and 
high intestinal absorption. These findings highlight their potential 
as promising drug candidates. To determine their safety and 
antioxidant activity, these compounds should be examined both in 
vivo and in silico. New natural treatments for oxidative damage 
might be created if this research is successful. It could result in safer 
and more effective therapeutic approaches. 
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