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Abstract: Cancer is one of the most fatal diseases throughout the world. Different types of approaches are used for 
the treatment of cancer and one of them is using medicinal plants to reduce side effects. For the treatment of cancer, 
there are many proteins and cytokines to be targeted like the cyclooxygenase (COX-2) enzyme. High levels of COX-2 
enzyme and prostaglandin were found in patients suffering from cancer. This points towards the potential of targeting 
this enzyme to inhibit its enzymatic activity and thus reduce prostaglandin. Phyla nodiflora has been reported to induce 
apoptosis and cell cycle progression in MCF-7 breast carcinoma cells showing higher expression of transcription factors 
inducing tumorigenesis. Increased antioxidant activity in Ehrlich-Lettre ascites carcinoma (EAC-bearing) mice may 
be responsible for the anticancer effect. We decided to conduct in vitro experimental and Insilico study including 
antioxidant activity, molecular docking, molecular dynamic simulation, drug-likeness, ADME and toxicity to identify 
therapeutic agent of Phyla nodiflora to verify anticancer and antioxidant activity of the plant and to verify either these 
compounds are harmful or safe for human body. The results show that methanol extract of the plant has potential as 
antioxidant and molecular docking shows that compounds of the plant including 8-methoxyluteolin (-8.8kcal/mol), 8-
methoxyapigenin (-8.3kcal/mol) and3-methylherbacetin (-9.1kcal/mol) to be best potential drug candidates as they 
have highest binding affinity, follow Lipinski guidelines of five as well and the RMSD and RMSF show that they 
have strong binding interaction with receptor and show stability. In this study we have reported three bioactive 
molecules 8-methoxyluteolin, 8-methoxyapigenin and 3-methylherbacetin from Phyla nodiflora which may act as drug 
candidates and therapeutic agents for treatment of cancer while targeting the COX-2 enzyme. 
Keywords: Absorption; Metabolism; Excretion analysis; cyclooxygenase2; Lipinski guideline; Molecular docking; 
Phyla nodiflora; Toxicity 
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INTRODUCTION 
After cardiovascular disease, cancer is to be considered one the most common disease and reason of 
mortality. Antioxidants shield living things from harm brought on by the uncontrolled formation of 
reactive oxygen species (ROS). Chronic inflammation is caused due to the increased production of ROS 
resulting in cellular and tissue injury underlying many neurodegenerative, cardiovascular and metabolic 
syndromes. ROS induce the generation of macrophages in the tumor cells by the activation of distinct 
stimuli such as TNF-α causing a rapid burst of hydrogen peroxide and free radicals leading to the 
subsequent induction of tumor cell apoptosis. Mitochondrial dysfunctioning is worthwhile discussion in 
the progression of cancer suggesting its important contribution in the activation of caspase 1 transcription 
factors and mitochondrial uptake of Ca+2 (Joshi et al., 2017). Drug discovery and development of a novel 
drug using a multidrug target is an important approach to the treatment of cancer (Van & Botting 1995). 
Ligand-receptor docking studies can help to identify novel therapeutic and drug candidates (Bost et al., 
2010). The most important enzyme cyclooxygenase-2 (COX-2) was found to be elevated in patients 
suffering from cancer (Rajakrishnan et al., 2008). A study conducted on Phyla nodiflora against breast 
and lung carcinoma showed that it has the potential to promote apoptosis and inhibit the growth of 
cancerous cells (Das et al., 2020). Natural drug compounds are potential candidates to combat different 
types of diseases (Rehman et al., 1999). Arachidonic acid is converted into prostaglandin by a rate-limiting 
enzyme cyclooxygenase (COX), found in the form of COX-1 and COX-2. COX-2 is associated with human 
cancer and its inhibition results in anti-inflammatory and anti-cancer activity (Picot et al., 2019). It has 
been reported that a large number of people use a non-steroidal anti-inflammatory drug for the treatment 
of inflammatory disease. But these drugs may adversely impact prostaglandin levels due to the inhibition 
of COX-1, not COX-2 which in turn causes hypermortality of the gastric cancer. COX-2 is phylogenetically 
more primitive that COX-1 and, while very similar, has critical differences, particularly the existence of a 
small pocket half way down the active enzyme site. A number of drugs achieve selectivity by binding to 
this pocket, including presumptively rofecoxib and celecoxib. Others, such as meloxicam, may inhibit 
COX-2 by different mechanisms. Truly selective COX-2 inhibitors have been shown to have no effect on 
gastric mucosal prostaglandin synthesis, to cause no acute injury, and no chronic ulceration compared to 
placebo (O Banion et al., 1991). At the site of infection, pro-inflammatory cytokines cause to activate 
COX-2 which in turn stimulates the proliferation of cancer cells, inhibits apoptosis and stimulates 
angiogenesis (Gunathilake et al., 2018). Both COX-2 and Prostaglandin E2(PGE2) have crucial roles in 
cancer development as COX-2 activate carcinogenesis while PGE2 has a negative role over natural killer 
cells to combat them which is one of the most important pathways to suppress the immune system (Ehrich 
et al., 1999). PGE2 is released by most of the cancer cells thus enhancing the growth of cancer and also 
suppressing the immunity of the system to combat carcinoma (Ballinger et al., 2001). Breast cancer is 
considered as 2nd most highly cause of mortality in women. The level of COX-2 expression has been found 
to have a significant correlation with tumor invasiveness. The recent literature suggested  measurement 
of COX-2 protein expression on western blot analysis and found a two-fold higher COX-2 expression in 
non-invasive MCF-7 breast cancer cells in comparison to benign MCF-10F breast cells and a more than 
4-fold higher COX-2 protein levels (p<0.01) in the malignant tissue as compared to the normal tissue 
samples. In breast cancer including with invasive and ductal carcinoma in North American population, 
the COX-2 was found to elevate by 40% in breast cancer patients with invasive and ductal carcinoma 
(Rajkumar et al., 2013). For therapeutic purpose, the blockage of COX-2 enzyme has been found to play 
an effective role. So, it is one of the most important therapeutic target for drugs (Kokila et al., 2013). 
Inflammation is one the major part of cancer progression (Nivetha et al., 2017). This research work is 
conducted to evaluate potential bioactive constituents of Phyla nodiflora for treatment of cancers while 
targeting the COX-2 enzyme. The plant extract is active as antibacterial, antifungal, anti-inflammatory 
and anti-oxidant. No such study has been conducted using in silico approach to discover novel therapeutic 
drug candidates of Phyla nodiflora medicinal plant. The plant is active against inflammation so it will 
have an effective role against cancers as well. 
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MATERIALS AND METHODS 
3.1. Plant collection and leaf Extraction 
Plant Phyla nodiflora was collected from district Bannu, KPK, Pakistan and after drying the leaves of the 
plant were converted into powder form. Two different types of solvent, methanol and water were used 
for leaf extraction.  
3.2. Antioxidant Activity 
For antioxidant activity methanol and water extract of leaf was used at different concentrations i.e. 1mg, 
3mg, 5mg, and 7mg. 
3.3. Data Collection 
Active constituents of Nodiflora Halleridone, 8-methoxyluteolin, 3-methylherbacetin, 8-methoxyapigenin 
and Halleron were downloaded from the PubChem database in sdf format and receptor COX-2 (PDB: 
5IKR) was downloaded from Protein Data bank in pdb format (www.pdb.org/pdb). 
3.4. Protein Preparation 
Receptor protein (PDB: 5IKR) was opened in discovery studio software, 
2021(https://discover.3ds.com/discovery-studio-visualizer-download) to remove undesired substances. 
All the Hetaatom, water molecules and bounded ligands were removed from the protein, Hydrogen atoms 
were added and were saved as in pdb format (Jabeen et al., 2021). 
3.5. Ligand Preparation 
Ligands downloaded from PubChem database(https://pubchem.ncbi.nlm.nih.gov/)are in sfd format so 
they were uploaded in Open Babel window of PyRx and were converted into pdb format (Indravathi et 
al., 2016). 
3.6. Molecular Docking 
To evaluate the ligand-protein interaction of five selected active components of Nodiflora against COX-
2, molecular docking approach was applied using PyRx bioinformatics tool (Bhadra, 2020). COX-2 
enzyme as a receptor protein was uploaded in PyRx and was converted into a macromolecule. Using Open 
Babel window, all ligand molecules were uploaded; the energy was minimized and were then converted 
into pdbqt format. Docking was run after creating grad box using vina wizard. Discover studio 2021 was 
used for results visualization including 2D structure, hydrogen bonding and bond length (Sharma et al, 
2013). 
3.7. Drug-Likeness and ADME 
SwissADME online software (http://www.swissadme.ch/) was used for checking drug-likeness and also 
for ADME analysis. ADME is absorption, distribution, metabolism and excretion (Gomha et al., 2021). 
Canonical smiles of ligand compounds were retrieved from PubChem and were pasted in swissADME to 
analyze drug-likeness and ADME parameters. 
3.8. Toxicity 
Canonical smiles of all the ligands were retrieved from PubChem database and were pasted in Protox-ii 
online web server (http://tox.charite.de/protox_II) (Khadera et al., 2024) and admetSAR 
(http://lmmd.ecust.edu.cn/admetsar2) for toxicity determination. Protox-ii online and admetSAR was 
run to check hepatotoxicity, mutagenicity and cytotoxicity, AMES toxicity, carcinogenicity and acute oral 
toxicity of the compounds. 
3.9. Bioactivities 
Orally administrated drugs need to be compatible with the drug-likeness properties to be finalized as 
pharmaceutically consistent with their bioactivity score and that’s why we used Molinspiration Toolkit 
for prediction of selected compounds (https://www.molinspiration.com/cgi-bin/properties ).   
3.10. Molecular Dynamics Simulation: 
Molecular dynamics (MD) simulation is a powerful computational technique used to study the behavior 
and properties of molecules and materials at the atomic level. Desmond is a software package developed 
by Schrödinger for MD simulations of biological systems, including proteins, nucleic acids, and 
membranes (Tamilselvi et al., 2022).  
The stability of protein-ligand interactions was investigated through molecular dynamics (MD) 
simulations. Specifically, MD simulations were carried out on the most stable complexes with high 
binding energies. To determine the dynamic binding behavior and binding stability of protein-inhibitor 

http://www.pdb.org/pdb
https://discover.3ds.com/discovery-studio-visualizer-download
https://pubchem.ncbi.nlm.nih.gov/
http://www.swissadme.ch/
http://tox.charite.de/protox_II
http://lmmd.ecust.edu.cn/admetsar2
https://www.molinspiration.com/cgi-bin/properties
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complexes in their docked pose, MD simulations were performed using the Desmond module of 
Schrödinger. A detailed description of the methodology can be found elsewhere (Hanwell et al., 2012; 
Van Gunsteren et al., 1996; Trott et al., 2010; Tian et al., 2018).  
 
RESULTS AND DISCUSSION 
2.1. Antioxidant Activity 
 

Sample mg Abs. 1 Abs. 2 Abs.3 avarage abs 
%Average-
Absorbance 

Methanol Extract 

1 0.314 0.319 0.316 0.316333  42.69324 
3 0.295 0.297 0.297 0.296333  46.31643 
5 0.224 0.27 0.267 0.253667  54.04589 
7 0.194 0.196 0.198 0.196  64.49275 

Water Extract 

1 0.4822 0.4844 0.4876 0.484733  12.18599 
3 0.479 0.4812 0.478 0.4794  13.15217 
5 0.4957 0.4227 0.4934 0.4706  14.74638 
7 0.4768 0.475 0.4689 0.473567  14.20894 

Ascorbic Acid  0.025 0.027 0.029 0.027  95.1087 

Abs*-Absorbance, A-O*- Antioxidant. 
Table .1 Antioxidant activity of leaf extract of Phyla nodiflora plant at different concentrations at 
OD=517 nm 

 
Figure .1 Graphical presentation of Antioxidant activity of methanol and water extract of Phyla 
nodiflora leaf. 
*
MA-1-Methanol extract, 

*
MA-2- Water extract, 

*
asc.A- Ascorbic acid 

The antioxidant activity of leaf extract of Phyla nodiflora was analyzed at different concentrations and in 
three independent experiments. The results show that when the average absorbance at 517 nm decreases 
the scavenging effect of the leaf extract increases. Table 1 and Figure1 shows that the methanol extract of 
leaf is more effective for antioxidant activity and when the dose of methanol extract is increased the 
scavenging effect of the plant extract is noted to be increased. The antioxidant activity of methanol extract 
is 42.69% when 1mg dose of the leaf extract is used while it increases to 64.49% when dose of leaf extract 
is increased to 7mg. Antioxidant activity, when ascorbic acid is used was noted 95.10%.   
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2.2. Molecular Docking 
S.NO Compound names Structure Depiction 

1 Halleridone 

 

2 8-methoxyluteolin 

 

3 3-methylherbacetin 

 

4 8-methoxyapigenin 

 

5 Halleron 

 

 
Table .2 List of five selected bioactive constituents with compound name and structure depiction of 
Nodiflora. 

S.No Compounds 
Binding Affinity 
(Kcal/mol) 

Hydrogen Bond 
Bond Distance 
(Å) 

1 Halleridone -6.1 GLN A:461 2.16 

2 8-methoxyluteolin -8.8 
TRP B:139, ASP A:229, 
ARG A:333, LEU A:238, 
ASN B:144 

2.51, 2.70, 2.42, 2.68, 2.22 

3 8-methoxyapigenin -8.3 
ARG A:333, GLU B:140, 
LEU A:238 

2.61, 2.20, 2.97 

4 Halleron -5.6 
ARG B:376, ASN A:375, 
ARG A:376 

2.29, 1.83, 2.15 

5 3-methylherbacetin -9.1 CYS B:36 2.38 
Table .3 Molecular docking results of selected bioactive compounds of Nodiflora medicinal plant. 
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Figure .2 “A” shows the interaction of 8-methoxyluteolin with receptor protein COX-2 while “B” shows 
the 2D interaction and bonding present in them. 

 
Figure .3 “A” shows the interaction of 3-methylherbacetin with receptor protein COX-2 while “B” shows 
the 2D interaction and bonding present in them. 

B A 

B A 
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Figure .4 “A” shows the interaction of 8-methoxyapigenin with receptor protein COX-2 while “B” shows 
the 2D interaction and bonding present in them. 
Molecular docking for five bioactive constituents was carried out against COX-2 enzyme to evaluate their 
role as anti-cancer agents. Molecular docking has a key role in ligand-protein and protein-protein 
interaction and binding sites of receptor to which a ligand molecule binds which is extensively used in 
modern drug discovery (Silentin et al., 2015). Table 3 shows that four out of five selected compounds 
have a high binding affinity and low binding energy which shows their strong interaction with receptor 
protein COX-2. The results show that 3-methylherbacetin, 8-methoxyluteolin, 8-methoxyapigenin and 
Halleridone have binding affinity -9.1, -8.8, -8.3 and -6.1 respectively. Generally for active drug 
compounds -6.00 kcal/mol is considered as potential binding energy (Laskowski et al., 2011). Hydrogen 
bond and bond distance were also analyzed for all the ligand interacting with receptor protein COX-2. 
Molecular docking study of COX-2 reported that sesame oil is considered as a traditional medicine having 
-6.0 to -8.4kcal/mol binding affinity (Pagadala et al., 2017). Another study conducted to explore potential 
inhibitors of COX-2 show that xanthoxyletin having -8.9kcal/mol binding affinity is a potential agent to 
inhibit COX-2 expression (Hashem et al., 2022). Curcumin was found to interact with Gln192, Asp347, 
Arg513, Leu351,Leu383, Leu357, Arg120 and Glu524 residues of the COX-2 enzyme (Afroz et al., 2019). 
It is evident from Table 3 and figures(2B,3B and 4B) that Gln461, Trp139 (2), Asp229, Arg333 (2), 
Leu238 (2), Asn144, Cys36, Glu140, Arg376 (2) and Asn375 residues of COX-2 enzyme having bond 
length 2.16Å, 2.92 Å and 2.51 Å, 2.70 Å, 2.42 Å and 2.61 Å, 2.68 Å and 2.97 Å, 2.22 Å, 2.38 Å, 2.20 Å, 
2.29 Å and 2.15 Å and Asn375 having 1.83Å respectively interacting with our selected bioactive 
constituents of Phyla nodiflora. The bioactive molecule 8-methoxyluteolin makes the most stable complex 
with receptor protein due to a high number of hydrogen bonds. The hydrophobic interaction in the 
binding site of COX-2 is driven by Tyr385 and Tyr387 (Bathinin et al., 2016). 
2.3. ADME ANALYSIS and Drug-Likeness 

Properties Features Halleridone 8-methoxyluteolin 3-methylherbacetin 8-methoxyapigenin Halleron 
Physiochemical 
Properties 

MW(g/mol) 154.16 316.26 316.26 300.26 196.2 

 H.B Donor  1 4 4 3 1 

B A 
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 H.B Acceptor  3 7 7 6 4 
 MR 38.35 82.5 82.5 80.48 49.81 
 Arom. Heavy Atom 0 16 16 16 0 
 Rotatable Bonds 0 2 2 2 4 
 TPSA 46.53 120.36 120.36 100.13 63.6 
Lipophilicity  logP(SILICOS-IT) 0.95 2.06 2.06 2.55 0.88 
Water Solubility Logs(SILICOS-IT) -0.43 -3.94 -3.94 -4.52 -0.8 
Pharmacokinetics GI Absorption High High High High High 

Drug-likeness Lipinski 
Yes: 0 
Violation 

Yes: 0 Violation Yes: 0 Violation Yes: 0 Violation 
Yes: 0 
violation 

Lead likeness  
Yes: 1 
Violation 

Yes: 0 Violation Yes: 0 Violation Yes: 0 Violation 
Yes:1 
violation 

Table .4 ADME analysis and drug-likeness results of selected bioactive constituents of Phyla Nodiflora. 
ADME study was carried out using swiss ADME to identify different parameters like physical properties, 
lipophilicity, Lipinski and solubility of bioactive constituents (Zhang et al., 2017). For any drug 
development, ADME has a key role as many drug candidates fail a clinical trial. No more than two 
violations are acceptable for orally drug candidate (Banerjee et al., 2018). Lipinski rule of five (≤5 H.bond 
donor, ≤10 H.bond acceptor, m.weight ≤500Da, Molar Refractivity 40-130 and ≤logP) (Schrodinger, 2019) 
was followed for selected compounds to analyze whether these may act as drugs or not. The results in 
Table 4 show that all selected bioactive molecules pass the Lipinski rule of five and have no single violation. 
Lead likeness shows that Halleridone and Halleron have just one violation and all other molecules have 
zero violation. Gastrointestinal absorption and solubility class shows that all molecules are highly soluble. 
For water solubility Logs values ranges from -10 to 0 which indicates different category of solubility i.e. -
10, -6, -4, -2 and 0 for insoluble, poorly soluble, soluble, very soluble and highly soluble respectively 
(Jorgensen et al., 1999). Table 4 shows that all compounds are in the range of solubility and no one is 
insoluble in the selected candidates. The five compounds were solely selected on the basis of wet analysis 
provided the literature. Although the aqueous extract were prepared but the DPPH assay demonstrated 
that the antioxidant activity is more pronounced in ethanolic extract as compared to the aqueous. 

Compound Name Hepatotoxicity Mutagenicity Cytotoxicity 

Halleridone Inactive Inactive Inactive 

8-methoxyluteolin Inactive Inactive Inactive 

3-methylherbacetin Inactive Inactive Inactive 

8-methoxyapigenin Inactive Inactive Inactive 

Table .5 Toxicity results of five selected bioactive constituents of Phyla nodiflora medicinal plant. 

Compound 
hERG 
inhibition 

Rat(LD50,mol/kg) AMES Carcinogen 
Actute oral 
toxicity 

Carcinogenesity (class 
3) 

Halleridone Weak 1.7272 Non Non III  Non-required 
8-methoxyluteolin Weak 2.6388 Non Non III  Non-required 
3-methylherbacetin Weak 2.6388 Non Non III  Non-required 
8-methoxyapigenin Weak 2.7192 Non Non III  Non-required 
Cisplatin Weak 2.2490 Yes Yes II Non-required 

Table .6 Toxicity profiling of four selected compounds (with high binding affinity) using admetSAR server. 
Online Protox-II server was used to analyze all constituents which may behave like a drug candidate to 
check their toxicity like hepatotoxicity, mutagenicity and cytotoxicity. Table 5 shows that Halleridone, 8-
methoxyluteolin, 3-methylherbacetin, and 8-methoxyapigenin are non-toxic and can be used as a drug 
candidate as they obey Lipinski and have no toxicity. To validate and cross check the toxicity of selected 
compounds, they were analyzed using admetSAR which shows that all our studied candidates are AMES 
non-toxic, non-carcinogenic (Table 6). Further all compounds were found to be weak inhibitors for 
human ether-a-go-go-related gene (hERG) and showed rat acute toxicity with a median lethal dose (LD50) 
of 2.63 mol/kg. The results can be compared with cisplatin which is carcinogen, AMES toxic, hERG 
weak inhibitor and has Rat acute toxicity of 2.24 (Vijayakumar et al., 2018). As per the predicted acute 

http://lmmd.ecust.edu.cn/admetsar1/predict/?smiles=C1COC2C1(C=CC(=O)C2)O&action=A
http://lmmd.ecust.edu.cn/admetsar1/predict/?smiles=C1C2C(COC2C3=CC4=C(C=C3)OCO4)C(O1)C5=CC6=C(C=C5)OCO6&action=A
http://lmmd.ecust.edu.cn/admetsar1/predict/?smiles=COC1%3DC%28C%3DC%28C2%3DC1OC%28%3DCC2%3DO%29C3%3DCC%28%3DC%28C%3DC3%29O%29O%29O%29O&action=A
http://lmmd.ecust.edu.cn/admetsar1/predict/?smiles=C1C2C(COC2C3=CC4=C(C=C3)OCO4)C(O1)C5=CC6=C(C=C5)OCO6&action=A
http://lmmd.ecust.edu.cn/admetsar1/predict/?smiles=COC1%3DC%28OC2%3DC%28C1%3DO%29C%28%3DCC%28%3DC2O%29O%29O%29C3%3DCC%3DC%28C%3DC3%29O&action=A
http://lmmd.ecust.edu.cn/admetsar1/predict/?smiles=C1C2C(COC2C3=CC4=C(C=C3)OCO4)C(O1)C5=CC6=C(C=C5)OCO6&action=A
http://lmmd.ecust.edu.cn/admetsar1/predict/?smiles=COC1=C(C=C(C2=C1OC(=CC2=O)C3=CC=C(C=C3)O)O)O&action=A
http://lmmd.ecust.edu.cn/admetsar1/predict/?smiles=C1C2C(COC2C3=CC4=C(C=C3)OCO4)C(O1)C5=CC6=C(C=C5)OCO6&action=A
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oral toxicity, all compounds lie in ‘class III’. Compounds of this class have LD50 values <5000 mg/kg 
and were generally considered suitable from a druggable point of view. Study based on clinical trials is 
directed for the reported compound (Zarghi & Arfaei 2011). 
2.5. Bioactivity Prediction 
Bioactivities Halleridone 8-methoxyluteolin 3-Methylherbacetin 8-methoxyapigenin 
GPCR ligand                 -0.77 -0.10 -0.11 -0.09 
Ion channel 
modulator       

-0.52 -0.01 -0.17 0.01 

Kinase inhibitor            -1.62 0.17 0.21 0.17 
Nuclear receptor 
ligand     

-0.52 0.19 0.21 0.22 

Protease inhibitor          -0.73 -0.25 -0.28 -0.26 
Enzyme inhibitor             0.04 0.22 0.25 0.23 
Table .7 Bioactivity score of selected bioactive compounds according to Molinspiration cheminformatics 
software. 
One of the greatest tools for assessing the bioactivity scores of natural chemicals for therapeutic targets is 
Molinspiration as demonstrated in (Table 7). The likelihood that a compound has notable biological 
activity depends on its bioactivity score. Compounds with bioactivity values above 0.00 are most likely to 
be noteworthy, while those with scores between -0.50 and 0.00 are moderately dynamic and those with 
scores below -0.50 are inactive. Our analysis demonstrates that many routes may be implicated in the 
chemical compounds' physiological actions. It might also be brought on by interactions with nuclear 
receptor ligands, GPCR ligands, ion channel modulator ligands, enzyme inhibitors, and protease 
inhibitors. The results of bioactivity scores show that all selected compounds are highly active to act as a 
ligand of enzyme inhibitor, 8-methoxyapigenin, 8-methoxyluteolin and 3-methylherbacetin are highly to 
act as ligand of nuclear receptor and kinase inhibition while 8-methoxyapigenin can bind as a ligand of 
ion channel modulator. The result shows that 8-methoxyapigenin, 8-methoxyluteolin and 3-
methylherbacetin are moderately dynamic toward GPCR and protease inhibitor. The overall finding 
reveals that our selected ligand molecules are associated with all pharmacological targets. 
2.6. Molecular Dynamic Simulation 
Molecular dynamics simulations were performed on the top hits containing high binding energies. Over 
the simulation period, the projected conformational changes from the initial structure were presented in 
terms of root mean square deviation (RMSD). Moreover, structural stability, atomic mobility, and residue 
flexibility at times of interaction of protein-hit were expressed with root mean square fluctuation (RMSF) 
values. The peaks of RMSF graph represent the fluctuation portion of the protein through the simulation. 
The N- and C-terminal show more changes than any other portion of the protein. Alpha helices and beta 
strands show less fluctuation, as they are stiffer than the unstructured part of protein, than loop portion.  
The RMSD of the 8-methoxyapigenin-complex showed small deviation from 2.4 Å to 4.2 Åat almost 30 
ns and 45 ns after 75 ns the system was equilibrated. It indicates of the stability of the protein-protein 
complex (Figure 5). The RMSD of 8-methoxyluteolin-complex showed small deviation initially and after 
50 ns the system was equilibrated and stabilized throughout the simulation (Figure 6). For the complex 
of 3-methylherbacetin there was deviation of almost 2.5 Å from almost 40 ns to 65 ns and after that the 
system was stabilized (Figure 7). 
Similarly, the Root Mean Square Fluctuation (RMSF) is useful for characterizing local changes along the 
protein chain. Peaks reflect sections of the proteins that fluctuate the most during the simulation on the 
RMSF. Protein tails (both N- and C-terminal) are more likely to change than other regions of the protein. 
Alpha helices and beta strands, for example, are usually stiffer and less fluctuating than the unstructured 
component of the protein. The residues with higher peaks, according to MD trajectories, belong to loop 
areas or the N and C-terminal zones. For RMSF there was no fluctuation where the ligands made contacts 
(green lines) with the receptor indicating the strong binding of ligands with receptor proteins (Figure 8, 
9 and 10).   

http://lmmd.ecust.edu.cn/admetsar1/predict/?smiles=C1C2C(COC2C3=CC4=C(C=C3)OCO4)C(O1)C5=CC6=C(C=C5)OCO6&action=A
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                   Figure 5. Root Mean Square Deviation plot of 8-methoxyapigenin-Complex 
 

     
           Figure 6. Root Mean Square Deviation plot of 8-methoxyluteolin-Complex 
 

   
          Figure 7. Root Mean Square Deviation plot of 3-methylherbacetin-Complex 
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            Figure 8. Root Mean Square Fluctuation plot of 8-methoxyapigenin-Complex 

 
           Figure 9. Root Mean Square Fluctuation plot of methoxyluteolin-Complex 
 

 
           Figure 10. Root Mean Square Fluctuation plot of methylherbacetin-Complex 
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Herbal remedies known as flavonoids have a variety of medicinal activities, including antioxidant, anti-
inflammatory, analgesic, anti-carcinogenic, anti-bacterial infection, anti-fungal, and antiviral effects 
(Mustarichie et al., 2014).  

 
Figure: 11 Pathophysiology of COX-2 targeted by Phyla Nodiflora 
The leaves and stems of Phyla nodiflora have anti-proliferative and apoptotic effects on human breast 
cancer cell lines when they are extracted in methanol and ethyl acetate. Through apoptosis, the extracts 
at 90–120 µg/ml might stop the proliferation of cancer cells (Prabhavathi 2020). The anticancer effect in 
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breast cancer for methanol extract of Phyla nodiflora was evaluated using MCF7 cell line and MTT assay 
which shows that the plant extract has potential for inhibition of MCF7 cells with IC50 ranges from 90 to 
120µg/ml. Another in vitro anticancer study of plant extracts using NCI-H450 cell lines for human lung 
cancer show the potential effect as anti-proliferative for tested cell lines with IC50 value of 10µg/ml. 
Increased antioxidant activity in EAC-bearing mice may be responsible for the anticancer effect (Daze & 
Hof 2016). Halleridone and Hallerone isolated from nodiflora show anticancer, anti-tumor and 
antifungal. 8-methoxyluteolin and 8-methoxyapigenin, methanol extract of A.Judaica medicinal plant, 
exhibits significant bioactivities including anti-inflammatory, hepatoprotective, anti-diabetic and 
antioxidant activities (Huang et al., 2009). Herbacetin demonstrated anti-carcinogenic and anticancer 
effects in vitro against SK-MEL-5 melanoma and A431 cutaneous squamous cell carcinoma at 10 and 20 
M doses (Pandey et al., 2017). According to three different assays, i.e. the AKT kinase assay, In silico assay 
and ex vivo pull-down assay, Herbacetin suppress the activity of AKT and associated signaling pathways 
like GSK3 and RSK2 by directly binding to AKT (Shukla et al., 2018).  
 
CONCLUSIONS 
It is concluded hereby that Phyla nodiflora bioactive compounds play a great role as antioxidant and anti-
cancer agents. The study shows that three compounds that are docked against the COX-2 enzyme, have a 
high binding affinity score and Molecular dynamic simulation, RMSD and RMSF value, also support the 
strong binding of the compounds with COX2, obey all guidelines of Lipinski, and are biologically active 
hence showing that these compounds 8-methoxyluteolin, 3-methylherbacetin and 8-methoxyapigenin may 
act as novel therapeutic agents in the future for the treatment of cancers.  
Funding: This work was supported by the Doctoral Start-up Fund of Xinjiang University [BS180222]. 
Conflict of Interest: Authors declare no conflict of interest 
 
REFERENCES 
1. Ballinger A, Smith G (2001) COX-2 inhibitors vs. NSAIDs in gastrointestinal damage and prevention. Expert Opin 

Pharmacother. 2:31–40. https://doi.org/10.1517/14656566.2.1.31  
2. Banerjee P, Eckert AO, Schrey AK, Preissner R (2018) ProTox-II: a webserver for the prediction of toxicity of chemicals. 

Nucleic Acids Res. 46(W1):W257–63. https://doi.org/10.1093/nar/gky318 
3. Bathini R, Sivan SK, Fatima S, Manga V (2016) Molecular docking, MM/GBSA and 3D-QSAR studies on EGFR 

inhibitors. J Chem Sci. 128(7):1163–73. https://doi.org/10.1007/s12039-016-1103-3. 
4. Bost J, Maroon A, Maroon J (2010) Natural anti-infammatory agents for pain relief. Surg Neurol Int. 2010(1):80. 

https://doi.org/10.4103/2152-7806.73804. 
5. Das Chagas Pereira de Andrade F, Mendes AN (2020) Computational analysis of eugenol inhibitory activity in 

lipoxygenase and cyclooxygenase pathways. Sci Rep.10:1–14. https://doi.org/10.1038/s41598-020-73203-z  
6. Daze K, Hof F (2016) Molecular interaction and recognition. In Encyclopedia of physical organic chemistry. Vol 5. 

Wiley.   https://doi.org/10.1002/9781118468586.epoc3001. 
7. Ehrich EW, Dallob A, De Lepeleire I, Van Hecken A, Riendeau D, Yuan W, Porras A, Wittreich J, Seibold JR, De 

Schepper P, Mehlisch DR, Gertz BJ (1999) Characterization of rofecoxib as a cyclooxygenase-2 isoform inhibitor and 
demonstration of analgesia in the dental pain model. Clin Pharmacol Ther. 65:336– 47. https://doi.org/10.1016/S0009-
9236(99)70113-X 

8. Gunathilake KDPP, Ranaweera KKDS, Rupasinghe HPV (2018) In vitro anti-inflammatory properties of selected green 
leafy vegetables. Biomedicines. 6:1–10. https://doi.org/10.3390/biomedicines6040107 

9. Hanwell MD, Curtis DE, Lonie DC, Vandermeersch T, Zurek E, Hutchison GR (2012) Avogadro: an advanced semantic 
chemicaleditor, visualization, and analysis platform. J Cheminformatics. 4:1–17. https://doi.org/10.1186/1758-2946-4-17 

10. Huang ZR, Lin YK, Fang JY (2009) Biological and pharmacological activities of squalene and related compounds: potential 
uses in cosmetic dermatology. Molecules. 14(1):540–54. https://doi.org/10.3390/molecules14010540  

11. Indravathi G, Reddy RS, Babu PS (2016) Albizia amara - A Potential Medicinal Plant: A Review. Int J Sci Res. 5:621–7. 
https://doi.org/10.1186/1758-2946-4-17 

12. Jabeen M, Jillani U, Chaudhary BA, Uzair M (2012) Phytochemical and pharmacological studies of Phyla 
Nodifora(Verbenaceae): A review. Pak J Pharm Sci. 2:48–54.  https://doi.org/10.22200/pjpr.2016149-54 

13. Jorgensen WL, Maxwell DS, Tirado-Rives J (1996) Development and testing of the OPLS all-atom force feld on 
conformational energetics and properties of organic liquids. J Am Chem Soc. 118:11225–36. 
https://doi.org/10.1021/ja9621760 

14. Joshi T, Sharma P, Joshi T, Chandra S (2017) In silico screening of antiinfammatory compounds from Lichen by targeting 
cyclooxygenase-2. J Biomol Struct Dyn. 38(12):3544–62. https://doi.org/10.1080/07391102.2019.1664328.  

15. Khdera HA, Saad SY (2024). Chemical composition of organic extracts of Phyla nodiflora L. in Syria by GC-MS. Heliyon. 
16:10(14):e34686. doi: https://doi.org/10.1016/j.heliyon.2024.e34686 

https://doi.org/10.1517/14656566.2.1.31
https://doi.org/10.1093/nar/gky318
https://doi.org/10.1007/s12039-016-1103-3
https://doi.org/10.1002/9781118468586.epoc3001
https://doi.org/10.1016/S0009-9236(99)70113-X
https://doi.org/10.1016/S0009-9236(99)70113-X
https://doi.org/10.3390/biomedicines6040107
https://doi.org/10.3390/molecules14010540
https://doi.org/10.1186/1758-2946-4-17
http://dx.doi.org/10.22200/pjpr.2016149-54
https://doi.org/10.1021/ja9621760


International Journal of Environmental Sciences 
ISSN: 2229-7359 
Vol. 11 No. 18s, 2025 
https://www.theaspd.com/ijes.php 

2492 
 

16. Kokila K, Priyadharshini SD, Sujatha V (2013) Phytopharmacological properties of Albizia species: A review. Int J Pharm 
Pharm Sci. 5:70–3. https://doi.org/10.1080/07391102.2019.1664328 

17. Laskowski RA, Swindells MB (2011) LigPlot+: multiple ligand-protein interaction diagrams for drug discovery. J Chem Inf 
Model.51:2778–86. https://doi.org/10.1021/ci200227u 

18. Nivetha S, Padmini S, Tamilselvi S (2017) A Review on Phytopharmacological Properties of Arappu. Int Res J Pharm. 
8:28–32. https://doi.org/10.7897/2230-8407.0811213. 

19. O’Banion MK, Sadowski HB, Winn V, Young DA (1991) A serum- and glucocorticoid-regulated 4-kilobase mRNA 
encodes a cyclooxygenase-related protein. J Biol Chem. 266:23261–7. https://doi.org/10.1006/abbi.1993.1496 

20. Pandey T, Shukla R, Shukla H, Sonkar A, Tripathi T, Singh AK (2017) A combined biochemical and computational 
studies of the rho-class glutathione s-transferase sll1545 of Synechocystis PCC 6803. Int J Biol Macromol. 94:378–85.  
https://doi.org/10.1016/j.ijbiomac.2016.10.040. 

21. Panel, CIR Expert, Cosmetic Ingredient Review Expert Panel (1982). Final report on the safety assessment of squalane and 
squalene. J Am Coll Toxicol. 1:37–56. https://doi.org/10.1021/bi952776w 

22. Picot D, Loll PJ, Garavito RM (1994) The X-ray crystal structure of the membrane protein prostaglandin H 2 synthase-1. 
Nature. 367:243–9.  https://doi.org/10.1038/367243a0. 

23. Prabhavathi H, Dasegowda KR, Renukananda KH, Lingaraju K, Naika HR (2020) Exploration and evaluation of bioactive 
phytocompounds against BRCA proteins by in silico approach. J Biomol Struct Dyn. 1–
15. https://doi.org/10.1080/07391102.2020.1790424 

24. Rajakrishnan V, Manoj VR, Rao GS (2008) Computer-aided, rational design of a potent and selective small peptide 
inhibitor of cyclooxygenase 2 (cox2). J Biomol Struct Dyn. 25:535–42. https://doi.org/10.1080/07391102.2008.10507200 

25. Rajkumar T, Kumar ES, Sinha BN (2010) Evaluation ofantioxidant properties of Albizia amara leaves. Int J Adv 
PharmBiolSci. 2:99–106. https://doi.org/10.13140/2.1.4314.6243 

26. Rehman Q, Sack KE (1999) When to try COX-2-specifc inhibitors: Safer than standard NSAIDs in some situations. 
Postgrad Med. 106:95–106. https://doi.org/10.3810/pgm.1999.10.1.704 

27. Salentin S, Schreiber S, Haupt VJ, Adasme MF, Schroeder M (2015) PLIP: Fully automated protein-ligand interaction 
profler. Nucleic Acids Res. 43:W443–7. https://doi.org/10.1093/nar/gkv315 

28. Schrödinger Release (2019). Desmond molecular dynamics system. Maestro-Desmond interoperability tools. New York: D. 
E. Shaw Research. https://doi.org/10.1021/acsomega.8b01524 

29. Sharma RA, Singh R (2013) A Review on Phyla nodiforaLinn.: A wild wetland medicinal herb. Int J Pharm Sci Rev Res. 
20:57–63. https://doi.org/10.1093/nar/gkv315 

30. Shukla R, Shukla H, Sonkar A, Pandey T, Tripathi T (2018) Structurebased screening and molecular dynamics simulations 
ofer novel natural compounds as potential inhibitors of Mycobacterium tuberculosis isocitrate lyase. J Biomol Struct Dyn. 
6:2045– 57. https://doi.org/10.1080/07391102.2017.1341337 

31. Tamilselvi S, Dharani T, Padmini S, Nivetha S, Sangeetha M, Das A, Balakrishnaraja R (2019) GC-MS analysis of Albizia 
amara and Phyla nodifora ethanolic leaf extracts. Int J Recent Technol Eng. 7:466–73. https://doi.org/10.1007/s40199-
021-00408-6 

32. Tian W, Chen C, Lei X, Zhao J, Liang J (2018) CASTp 3.0: Computed atlas of surface topography of proteins. Nucleic 
Acids Res. 46:W363–7. https://doi.org/10.1093/nar/gky473. 

33. Trott O, Olson AJ (2010) AutoDock Vina: improving the speed and accuracy of docking with a new scoring function, 
efcient optimization, and multithreading. J Comput Chem. 31:455–61. https://doi.org/10.1093/nar/gkae415.  

34. Van Gunsteren WF, Billeter SR, Eising AA, Hünenberger PH, Krüger P, Mark AE, Scott WRP, Tironi IG (1996) 
Biomolecular Simulation: The GROMOS96 Manual and User Guide. Zürich: Vdf Hochschulverlag AG an der ETH. 1–
1042. https://doi.org/10.1093/nar/gkg512 

35. Vane JR, Botting RM (1995) New insights into the mode of action of anti-infammatory drugs. Infamm Res. 44:1–10.  
https://doi.org/10.1101/2024.05.04.592496. 

36. Vijayakumar S, Manogar P, Prabhu S, Singh RAS (2018) Novel ligandbased docking; molecular dynamic Simulations; and 
absorption, distribution, metabolism, and excretion approach to analyzing potential acetylcholinesterase inhibitors for 
Alzheimer’s disease. J Pharm Anal. 2018;8:413–20.  https://doi.org/10.1093/nar/gkl282 

37. Zarghi A, Arfaei S (2011) Selective COX-2 Inhibitors: A Review of Their Structure-Activity Relationships. Iran J Pharm 
Res. 2011;10:655–83. https://doi.org/ 

38. Zhang X, Perez-Sanchez H, Lightstone F (2017) A comprehensive docking and MM/GBSA rescoring study of ligand 
recognition upon binding antithrombin. Curr Top Med Chem. 17(14):1631–9. https://doi.org/10.1016/S0065-
3233(07)75004-0 

https://doi.org/10.1021/ci200227u
https://doi.org/10.1038/367243a0
https://doi.org/10.1080/07391102.2020.1790424
https://doi.org/10.1080/07391102.2008.10507200
http://dx.doi.org/10.13140/2.1.4314.6243
https://doi.org/10.3810/pgm.1999.10.1.704
https://doi.org/10.1021/acsomega.8b01524
https://doi.org/10.1007/s40199-021-00408-6
https://doi.org/10.1007/s40199-021-00408-6
https://doi.org/10.1093/nar/gky473

