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A B S T R A C T   

Background and purpose: Non-small cell lung cancer (NSCLC) is a major pathological type of lung cancer and 
accounts for more than 80% of all cases. In healthcare management, it is challenging to understand the mech
anism of NSCLC due to diverse spectra and the limited number of reported data. Selaginella tamariscina is an 
evergreen perennial plant, hermaphrodite, and used to treat numerous diseases, including NSCLC. In vitro 
research revealed the therapeutic importance of S. tamariscina in contrast to NSCLC, but the molecular mecha
nism is still unclear. In the present study, a network pharmacology technique was employed to uncover the active 
ingredients, their potential targets, and signaling pathways in S. tamariscina for the treatment of NSCLC. 
Methods: Putative ingredients of S. tamariscina and significant genes of NSCLC were retrieved from the public 
database after screening. The overlapped targets among S. tamariscina related compounds and NSCLC were 
predicted using Venn plot. Following that, a compound-target-disease network was constructed using Cytoscape 
to decipher the mechanism of S. tamariscina for NSCLC. KEGG pathway and GO enrichment analysis were per
formed to investigate the molecular mechanisms and pathways related to S. tamariscina for NSCLC treatments. 
Lastly, molecular docking and molecular dynamic simulation analysis were performed to validate the interaction 
that exists between compounds and target proteins. 
Results: The findings of the current analysis explored the compound–target–pathway network and figured out 
that Hinokiflavone, Heveaflavone, Neocryptomerin, Isocryptomerin, Apigenin, Sotetsuflavone, and Cryptomerin 
B decisively contributed to the development of NSCLC by affecting AKT1, EGFR, VEGFA, and GCK3B genes. 
Later, molecular docking and simulation analysis was conducted to validate the successful activity of the active 
compounds against potential targets. Lastly, it is concluded that predicted multi-target compounds of 
S. tamariscina will help in improving the body’s sensitivity to NSCLC by regulating the expression of AKT1, EGFR, 
VEGFA, and GCK3B, which may act as potential therapeutic targets of NSCLC. 
Conclusion: Integrated network pharmacology and docking analysis revealed that S. tamariscina exerted a 
promising preventive effect on NSCLC by acting on diabetes-associated signaling pathways. The current findings 
propose that AKT1, VEGFA, EGFR, and GSK3B genes are promising and viable therapeutic targets to reduce the 
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incidence of NSCLC, thereby exerting potential therapeutic effects in NSCLC. This approach introduces a 
groundwork for further research on the protective mechanisms of S. tamariscina for NSCLC and applications of 
network pharmacology in drug discovery.   

1. Introduction 

Lung cancer is the leading cause of cancer-related deaths, worldwide. 
Non-small cell lung cancer (NSCLC) is distinguished from small cell lung 
cancer (SCLC) (Madeddu et al., 2022; Sharma et al., 2022). There are 
more than 50 distinct histological subtypes. For example, NSCLC is 
subdivided into large-cell carcinoma, squamous-cell carcinoma, and 
adenocarcinoma (Chaft et al., 2022). In 2020, lung cancer will be the 
major cause of cancer-related death, accounting for 1.8 million deaths 
(Pan et al., 2022). Lung cancer is the second most often diagnosed ma
lignancy worldwide, accounting for both sexes. Despite recent thera
peutic advancements brought about by the introduction of targeted 
therapy and immunotherapy, 5-year survival rates remain dismal 
(10–20%). NSCLC continues to be one of the most prevalent cancers in 
the globe (Huber et al., 2022). Historically, several risk factors have 
been linked to the development of NSCLC, including smoking, air 
pollution, occupational exposure, radiation, radon, and asbestos (Burzić 
et al., 2022). In recent years, a variety of systemic treatments for NSCLC 
patients have emerged, including immunotherapy (as monotherapy or 
in combination with other anticancer medicines) and targeted therapies 
(Wang et al., 2022). NSCLC accounts for around 85% of all lung cancer 
diagnoses and, over the past ten years, the incidence rate has remained 
stable (Aregui et al., 2022). In this context, a rising number of activating 
oncogene mutations have been found: the KRAS (20–30%), EGFR 
(10–15% of Caucasian individuals and up to 40% of Asian patients), and 
ALK (anaplastic lymphoma kinase) genes are the most prevalent. In 
3–5% of NSCLC patients (Rekowska et al., 2022), the Echinoderm 
Microtubule-associated protein Like 4 gene is involved in an ALK 
translocation, which accounts for the majority of ALK gene rearrange
ments (EML4). This molecular rearrangement produces a fusion protein 
with constitutive kinase activity that constantly promotes cell prolifer
ation and survival and prevents apoptosis by regulating intracellular 
signaling pathways (Lei et al., 2022). 

The past decade of research in the field of molecular biology has 
significantly advanced the understanding of the molecular pathways 
underlying the development and progression of NSCLC (Cao et al., 
2022). This has allowed great progress in the development of thera
peutic methods for NSCLC, which accounts for 84% of all lung 

malignancies (Balasundaram et al., 2022). Despite recent advances in 
treatment methods, lung cancer continues to be the top cause of 
cancer-related deaths worldwide, representing 13% of all cancer-related 
fatalities (Kennedy et al., 2022).  Pharmacotherapy consisting of natural 
products is seen as a viable therapeutic method for NSCLC and could 
provide answers to the questions raised above. Traditionally, several 
plant species, including Platycodon grandiflorum, Perilla frutescens, Tus
silago farfara, Drabane morosa, Stemona japonica, Prunus armenica, Rhus 
verniciflua, and Morus albaare used to cure various lung diseases 
including cancer (Mlilo and Sibanda, 2022). It has been claimed that 
medicinal plants contain natural scaffolds in form of that help in the 
treatment of lung cancer, metastasis, apoptosis, involving cancer pro
gression, and multidrug resistance (Motallebi et al., 2022). Numerous 
phytochemicals are included in (Table 1) below that have been shown to 
have considerable antiproliferative, apoptotic, and anti-metastatic ef
fects against lung cancer (Ibrahim et al., 2022). In the future, utilizing 
innovative approaches, and the advantages of phytochemicals in cancer 
therapy may be helpful in the treatment of people who have lung cancer 
(Tuorkey, 2015). 

S. tamariscina is a traditional medicinal plant for the treatment of 
some advanced cancers in the Orient. Previous investigation has shown 
that the chemical components of Selaginella plants mainly include fla
vonoids, selaginellins, lignans, and sterols (Lin et al., 2000) (Wen et al., 
2021) (He et al., 2019) (Gao et al., 2007)which have such pharmaco
logical effects as anticancer, anti-virus and anti-inflammatory. The 
findings of this study show that S. tamariscina is a root and distinctive 
source of numerous promising phytochemicals, making it a valuable and 
adaptable plant with a wide range of therapeutic qualities. 

Network pharmacology (NP) integrates systematic medicine with 
information science (Noor et al., 2022b). It is an integrative in-silico 
approach for introducing a protein-compound/disease-gene network in 
order to reveal the mechanisms underlying the synergistic therapeutic 
actions of traditional medicines (Batool et al., 2022) (Noor et al., 
2022a). This advancement, in turn, has shifted the paradigm from a 
‘one-target, one-drug’ mode to a ‘network-target, multi
ple-component-therapeutics’ mode. 

This study provides novel insight to understand the network 
pharmacology-based approach to identifying S. tamariscina active 

Table 1 
List of phytochemicals possessing anticancer activity against lung cancer along with their phytochemical class, effective dose and biological source.   

Phytochemicals Phytochemical class Biological source Effective dose Reference 

In-vivo studies Tanshinone Quinones Salvia miltiorrhiza 15 mg/kg (Zhang et al., 2014)  
Emodin Polyketides Rheum palmatum 50 mg/kg (He et al., 2012)  
4-Hydroxyderricin Phenylpropanon Angelica keiskei 50 mg/kg (Sumiyoshi et al., 2015)  
Resveratrol Phenolics Grapes, mulberries, peanuts, and red wine 60 mg/kg (Yousef et al., 2017)  
Honokiol Phenolics Magnolia species 10 mg/kg (Singh et al., 2013)  
Shikonin Naphthoquinones Lithospermum erythrorhizon 2.0 mg/kg (Lee et al., 2008)  
Chrysin Flavonoid Honey 250 mg/kg (Mani and Natesan, 2018)  
Piperine Alkaloid Piper species 50 mg/kg (Sriwiriyajan et al., 2016)  
Homoharringtonine Alkaloid Cephalotaxus harringtonia 2.5 mg/kg (Shi et al., 2020)       

Clinical studies Berberin Alkaloid Coptis chinensis 1000 ppm (Paudel et al., 2022)       

In-vitro studies Acutiaporberine Alkaloid Thalictrum acutifolium 0.003 mol/ml (Chen et al., 2002)  
Solamargine Alkaloid Solanum incanum 3 μM (Liang et al., 2004)  
Gigantol Bibenzyls Cymbidium goeringii 50 µM (Cho et al., 2016)  
β- D-digitoxose Cardiac glycosides Digitalis lanta 323 nM (Kulkarni et al., 2016)  
Convallatoxin Cardiac glycosides Convallaria majalis 35 nM (Schneider et al., 2016)  
Digitoxin Cardiac glycosides Digitalis purpurea 90.7 nM (Elbaz et al., 2012)  
Apigenin Flavonoid Bell pepper 65.43 µmol/l (Zhou et al., 2017)  
Artocarpin Flavonoid Artocarpus species 10 μM (Tsai et al., 2017)  
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phytochemicals for the treatment of liver cancer. S. tamariscina bioactive 
compounds with their anti-cancer effect were analyzed by using the 
network pharmacology along with molecular-docking and simulation 
approaches, which sparked the attention towards the search for candi
date drugs from this plant. Moreover, further wet lab experiments are 
needed to explore the compound’s pharmacological potential. 

2. Materials and methods 

2.1. Collection and screening of active compounds 

The information on active compounds of S. tamariscina was retrieved 
from the literature as well as databases of biologically active phyto
constituents including Indian Medicinal plants, Phytochemical from, 
Therapeutics databases (IMPPAT) (Mohanraj et al., 2018), Traditional 
Chinese medicine systems pharmacology (TCMSP) (Ahmed and Ram
akrishnan, 2012) (Xu et al., 2012), and KNApSAcK (Shinbo et al., 2006). 
The literature search was carried out using the keywords " Selaginella 
tamariscina " on Pubmed and Google Scholar, respectively. The chemical 
structures of the active compounds were obtained from PubChem (Kim 
et al., 2016a) and ChemSpider (Pence and Williams, 2010). The active 
constituents which retained OB ≥ 30% and DL ≥ 0.18 values were 
considered novel compounds and selected for further analysis. More
over, the information about chemical ID, Molecular weight, and ca
nonical smiles of active compounds was obtained from PubChem (Kim 
et al., 2016b). Following that, Molsoft (James et al., 2015) and 

SwissADME (Daina et al., 2017) were used to compute the DL and OB of 
all active ingredients as shown in (Fig. 1). 

2.2. Target gene screening 

The potential targets of S. tamariscina-related compounds were 
retrieved by using Swiss target prediction tool. To attain this goal, 
screened compounds were uploaded to SwissTarget prediction and 
STITCH (Szklarczyk et al., 2016) databases with a search limited to 
’Homo sapiens’. The SMILES of predicted compounds were inputted in 
Swiss Target Prediction to acquire targets using the reverse pharmaco
phore matching approach. Only targets with a combined score of less 
than 0.7 were chosen for further research. Consequently, the targets 
with a chance of 0.7 were chosen (Gfeller et al., 2014). Similarly, active 
constituents were obtained from the STITCH database by choosing Homo 
sapiens as the species, and targets with ≥ 0.7 combined scores were 
retained. 

The next preliminary phase in exploring the molecular mechanisms 
of herbal drugs to cure various diseases and disorders is the forecasting 
of disease-related genes. With the terms ‘Non-Small Cell Lung Cancer’ 
two databases-Gene Card (Safran et al., 2010) and Online Mendelian 
Inheritance in Man (OMIM)-were searched to find genes associated with 
the diseases. These databases provide brief genomic data and functional 
annotation for well-known human genes. The final gene list was purged 
of duplicated genes, and the standard name of the target gene was 
retrieved from UniProtKB (Boutet et al., 2007), having the organism 

Fig. 1. A graphical summary of the overall technique used to anticipate prospective chemicals and their potential targets for lung cancer treatment.  

S. Kumar et al.                                                                                                                                                                                                                                  



Phytomedicine Plus 3 (2023) 100419

4

Table 2 
Bioactive compounds properties and their structure.  

Molecule Name Molecular 
Weight 

Drug 
Likeness 
(Dl) 

Oral 
Bioavailability 
(OB) 

PubChem 
Id 

Structure  

Hinokiflavone  538.5 g/ 
mol  

0.66  0.55  5,281,627 

Heveaflavone  
580.5 g/ 
mol  

0.59  0.55  15,559,724 

Neocryptomerin  
552.5 g/ 
mol  

0.68  0.55  5,320,065 

Isocryptomerin  
552.5 g/ 
mol  

0.75  0.55  5,318,537 

Apigenin  
270.24 g/ 
mol  

0.39  0.55  5,280,443 

Sotetsuflavone  
552.5 g/ 
mol  

0.43  0.55  5,494,868 

(continued on next page) 
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chosen to be ‘Homo sapiens’. After that, a Venn diagram was created to 
identify the common targets between S. tamariscina and NSCLC. These 
targets were later considered key targets. 

2.3. Pathway and functional enrichment 

Gene enrichment and KEGG pathway analysis were performed using 
Database for annotation, visualization, and integrated discovery 
(DAVID) (Huang et al., 2007). DAVID was used to perform functional 
annotation on a list of important genes at three different levels: cellular 
component (CC), molecular function (MF), and biological process (BP). 
The functional enrichment database DAVID, which is accessible online, 
aids researchers in understanding the activity of a large number of 
genes. In the present research, p-values < 0.01 were chosen, and the top 
10 KEGG pathways and GO enrichments were selected for further 
analysis. 

2.4. Network constructions 

A network analysis was done to understand the mechanism of 
S. tamariscina in lung cancer. Cystoscope 3.8.0, is a publicly down
loadable graphical user interface for visualization and interpretation of 
biomolecular interaction networks (Smoot et al., 2011). In the current 
study, Cystoscope 3.8.0 was used for network construction and 

interpretation. In the network, nodes represent the active components 
and target genes, and edges depict interactions between active compo
nents and their target genes. Furthermore, the topological methods of 
Cystoscope 3.8.0 were used for the identification of key genes. A total of 
11 topological methods are available among which degree, a topological 
attribute that shows the significance of a compound/target gene/path
ways in a network diagram, was calculated using a network analyzer 
program. Furthermore, "important targets" were defined as target genes 
with significant linkage. 

2.5. Protein-protein network construction 

The protein-protein interaction network of target genes was created 
by using an online STRING database (https://string-db.org/) (Mering 
et al., 2003), and “Homo sapiens” was selected as the organism. Genes 
with ≥ 0.5 combined score were retained for further investigation and 
the network was imported in Cytoscape 3.8.0. A plugin CytoHubba was 
used to identify and analyze core regulatory genes considered “hub 
genes”. CytoHubba is an interface used to analyze as well as visualize 
networks by using different eleven methods of scoring. Hub genes are 
those that have the highest degree based on interactions. 

2.6. Molecular docking analysis 

2.6.1. Structure retrieval 
The phytochemicals structures of active compounds were retrieved 

from the PubChem data base (https://pubchem.ncbi.nlm.nih.gov) (Kim 
et al., 2016a). Similarly, the X-ray crystallography-based structure of 
targets was obtained from RCSB Protein Data Bank (PDB) (https://www. 
rcsb.org/) (Kouranov et al., 2006). Receptor ligands interaction was 
studied for selected phytochemicals on different crystallographic re
ceptors as anticancer targets, their absorption, distribution, metabolism, 
and excretion (ADME), and toxicity profile predicted. The best 
ligand-protein complex was selected based on the best dock score and 
subjected to Molecular Dynamic (MD) simulation at 200 ns (Klepeis 
et al., 2009). 

Table 2 (continued ) 

Molecule Name Molecular 
Weight 

Drug 
Likeness 
(Dl) 

Oral 
Bioavailability 
(OB) 

PubChem 
Id 

Structure 

Cryptomerin B  
566.5 g/ 
mol  

0.6  0.55  5,316,145 

Table 3 
Degree of seven phytochemical compounds explored through network analyzer 
cytoscape.  

Phytochemical Degree Class 

Apigenin 134 Flavonoids 
Neocryptomerin 107 Flavonoids 
Sotetusflavone 100 Bioflavonoids 
Isocryptomerin 100 Flavonoids 
Hinkoflavone 100 Bioflavonoids 
Heavoflavone 100 Flavonoids 
Cryptomerin B 100 Flavonoids  

S. Kumar et al.                                                                                                                                                                                                                                  

https://string-db.org/
https://pubchem.ncbi.nlm.nih.gov
https://www.rcsb.org/
https://www.rcsb.org/


Phytomedicine Plus 3 (2023) 100419

6

2.6.2. Target and ligand preparation 
The retrieved structures of the phytochemicals Hinokiflavone, 

Heveaflavone, Neocryptomerin, Isocryptomerin, Apigenin, Sotetsu
flavone, and CryptomerinB docked against four different crystallo
graphic receptors as anticancer targets AKT1, Crystal Structure of 
Human AKT1 having PDB ID: 3O96, VEGFA, the crystal structure of 
human VEGF-A receptor binding domain having PDB ID: 4KZN, EGFR, 
Epidermal Growth Factor Receptor tyrosine kinase domain having PDB 
ID: 1M17 GSK3B, the crystal structure of GSK3B having PDB ID: 5HLP 
receptor. The mutations, resolution, missing regions, and active state of 
the five different PDB structures are given in the supporting data 
(Table S1). All water molecules and ions were deleted, hydrogen atoms 
were added and the energy of the system was minimized with AutoDock 
Tool 1.5.7 version (Nguyen et al., 2020). After the target preparation, 
the next step was to prepare the ligands for molecular docking on the 
selected four different crystallographic receptors. All the structures of 
the phytochemicals were converted into .sdf format by using Open Babel 
GUI, and .sdf format of all phytochemicals were subjected for energy 
minimization and converted to .pdbqt format in the PyRx free version 
before molecular docking (Tanveer et al., 2021). 

2.6.3. Molecular docking studies 
In structural molecular biology and computer-assisted drug design, 

one of the most important tools is called molecular docking (Zochedh 
et al., 2022). The purpose of ligand-protein docking is to make pre
dictions about the predominant binding modes of a ligand to a protein 
whose three-dimensional structure is already known (Dilshad et al., 
2022; Kumar et al., 2021). Effective docking techniques quickly search 
high-dimensional spaces with a scoring function that ranks potential 
dockings accurately (Dhameliya et al., 2022). Docking has the ability to 
do virtual screening on enormous chemical libraries, rate the results, 
and suggest structural theories for how the ligands suppress the target, 
which is crucial for lead refinement (Oyedele et al., 2022). To find the 

binding interactions of all the phytochemicals in the active sites of four 
different crystallographic receptors as anticancer targets having PDB ID: 
3O96, 4KZN, 1M17, and 5HLP prior to molecular docking, all water and 
ions were removed from the retrieved crystal structure, while the 
nonpolar hydrogens were merged. Then, the protein was minimized and 
optimized through AutoDock Tool 1.5.7 version (Jumbo et al., 2022), 
bundled with the MGLTools package (version 1.5.6) to add charges, 
polar hydrogen atoms, and set up rotatable bonds (CHEBAIBI et al., 
2021). The molecular docking was performed using AutoDock Vina 
v1.1.2 version (Shakil, 2021) in PyRx free version (Syarafina et al., 
2022). The docking scores were resulted in the generated .CSV file. The 
output docking scores were defined as affinity binding (Kcal/mol). After 
the molecular docking, analyzed the best poses having interactions by 
using the Discovery Studio version v21.1.0.20298 (Naeem et al., 2022). 
Default docking algorithms were used, and coordinates for PDB ID: 
3O96 [X = 7.8, Y= -11, Z = 19], 1M17 [X = 10.9, Y = 7.8, Z = 54.06], 
5HLP [X = 0.93, Y = 25.92, Z=-16.43], and 4KZN [X = 6.55, Y=-5.22, 
Z=-0.65] were set in the grids along with the standard size and placed in 
active site pocket center. The lowest binding energies were the best 
suitable for interactions. 

2.7. ADME and drug likeliness analysis 

ADME properties enable drug researchers in determining the safety 
and effectiveness of a medication and are crucial for FDA approval (Li, 
2001; Dash et al., 2019). It is essential to acquire human pharmacoki
netic data for the discovery and development of new drugs and the 
proper delivery of pharmaceuticals (Selick et al., 2002). The virtually 
screened phytochemicals from S. tamariscina acquired with the use of 
dock scores were then submitted to ADME analysis. SwissADME (http 
://www.swissadme.ch) (Daina et al., 2017) and ADMET 2.0 online 
servers (https://admetmesh.scbdd.com) (Xiong et al., 2021) tools 
accessed on 10 October 2022 were used to estimate drug-likeness and 

Fig. 2. Analysis of multi-compound, multi-target, and multi-pathway lung cancer treatment using network pharmacology (A) Compound network diagram with 
objectives. (B) Target gene enrichment pathway network diagram. (C) The top ten genes are ordered by degree (D) The PPI network Bar plot (E) Seven Target genes 
were expressed in Homo sapiens. 
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Table 4 
Top seven genes ranked by degree method.  

Gene Name Degree score Compounds Pathways 

AKT1 168 Apigenin  • Chemical carcinogenesis - reactive oxygen species  
• Pathways in cancer  
• PI3K-Akt signaling pathway  
• HIF-1 signaling pathway  
• Ras signaling pathway  
• EGFR tyrosine kinase inhibitor resistance  
• Lipid and atherosclerosis  
• Acute myeloid leukemia  
• PD-L1 expression and PD-1 checkpoint pathway in cancer  
• Kaposi sarcoma-associated herpesvirus infection  
• Endocrine resistance  
• AGE-RAGE signaling pathway in diabetic complications  
• Focal adhesion  
• Relaxin signaling pathway 

VEGFA 156 Heavoflavone/ Apigenin  • Pathways in cancer  
• PI3K-Akt signaling pathway  
• HIF-1 signaling pathway  
• Ras signaling pathway  
• EGFR tyrosine kinase inhibitor resistance  
• Kaposi sarcoma-associated herpesvirus infection  
• AGE-RAGE signaling pathway in diabetic complications  
• Focal adhesion  
• Proteoglycans in cancer 
Relaxin signaling pathway 

EGFR 134 cryptomerin B/ hinkoflavone/ 
neocryptomerin/ Apigenin  

• Pathways in cancer  
• Chemical carcinogenesis - reactive oxygen species  
• PI3K-Akt signaling pathway  
• HIF-1 signaling pathway  
• Ras signaling pathway  
• Prostate cancer  
• EGFR tyrosine kinase inhibitor resistance  
• PD-L1 expression and PD-1 checkpoint pathway in cancer  
• Adherens junction  
• Endocrine resistance  
• Focal adhesion  
• Proteoglycans in cancer  
• Relaxin signaling pathway 

GSK3B 64 hinkoflavone/ Heavoflavone 
neocryptomerin/apigenin/cryptomerin B  

• Pathways in cancer  
• Chemical carcinogenesis - reactive oxygen species  
• PI3K-Akt signaling pathway  
• HIF-1 signaling pathway  
• Ras signaling pathway  
• Arachidonic acid metabolism  
• Prostate cancer  
• EGFR tyrosine kinase inhibitor resistance  
• Lipid and atherosclerosis  
• Acute myeloid leukemia  
• PD-L1 expression and PD-1 checkpoint pathway in cancer  
• Adherens junction  
• Kaposi sarcoma-associated herpesvirus infection  
• Endocrine resistance  
• Steroid hormone biosynthesis  
• AGE-RAGE signaling pathway in diabetic complications  
• Focal adhesion 

PTGS2 112 Heavoflavone 
Neocryptomerin 
Apigenin/ 
hinkoflavone  

• Pathways in cancer  
• Arachidonic acid metabolism  
• Kaposi sarcoma-associated herpesvirus infection 

ESR1 126 cryptomerin B/ hinkoflavone/ Heavoflavone 
neocryptomerin/apigenin/ 
cryptomerin B  

• Pathways in cancer  
• Endocrine resistance  
• Proteoglycans in cancer 

SRC 124 neocryptomerin 
Apigenin/ 
cryptomerin B 
hinkoflavone 
Heavoflavone 
neocryptomerin  

• Chemical carcinogenesis - reactive oxygen species  
• EGFR tyrosine kinase inhibitor resistance  
• Lipid and atherosclerosis  
• Adherens junction  
• Kaposi sarcoma-associated herpesvirus infection  
• Steroid hormone biosynthesis  
• Focal adhesion  
• Proteoglycans in cancer  
• Relaxin signaling pathway  
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Fig. 3. Representation of functional annotation and enriched pathways in form of Bubble Plot. (A) GO in terms of biological processes. (B) GO in terms of molecular 
function. (C) GO in terms of cellular components. (D) KEGG pathway analysis. 
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Fig. 4. The hub genes are represented by the green nodes, the yellow nodes, represent active substances, while the pathways connected to the primary targets are 
represented by the light green nodes. 
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Fig. 5. The molecular mechanism of the phytochemicals from the Selaginella tamariscina on the targeted genes AKT1, VEGFR, EGFR, and GSK3B.  
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Fig. 6. (A) 2D interaction diagram showing the types of contacts formed between crystallographic receptors as anticancer target AKT1 (PDB ID: 3O96) and iso
cryptomerin. The green dotted lines indicate H‑bonding. (B) Surface mapping of isocryptomerin having golden color inside the active site of (PDB ID: 3O96) along 
with reference molecule. The reference molecule indicated in the purple color. (C) Represents the superimposed docked pose of isocryptomerin with crystallographic 
receptors as anticancer targets AKT1. (D) Represents the 3D interaction of isocryptomerin at its active site. The protein structure is indicated in light pink color; the 
isocryptomerin is indicated in golden color; the amino acid residues are indicated in the black color. 
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Table 5 
Molecular docking analysis of the phytochemicals with Crystal Structure of Human AKT1 PDB ID: 3O96 and comparison with reference molecule.  

Phytochemical Structure Binding 
Energy ΔG 
(kcal/mol) 

H-Bond interaction 
residues 

Pi-Alkyl/Pi-Pi interacting 
residues 

Isocryptomerin -14.1 Tyr 272 Arg 273, Ile 84, Val 270, Gln 
79, Trp 80, Lys 268, Cys 296 

Reference 
ligand 

-13.9 Arg 273 Val 270, Leu 264 
Trp 80, Cys 296 

Sotetsuflavone -12.8 Val 271, Ala 58 Val 270, Trp 80 
Lys 268, Leu 264, Tyr 272 

Hinokiflavone -12.2 Tyr 272 Asp 274, Arg 273, Ile 84, Thr 
82, Gln 79, Val270, Trp 80, 
Lys 268, Cys 296 

Neocryptomerin -12.1 Ser 205 Asp 274, Thr 82, Arg 273, 
Ile 84, Leu 264, Val 270, Trp 
80, Gln 79, Lys 268, 
Asp 292 

CryptomerinB -11.9 Val 271, 
Tyr 272 

Arg 273, Ile 84, Trp 80, Val 
270, Gln 79, Cys 296 

Heveaflavone -11.8 Gln 59 Trp 80, His 194 
Ala 58, Leu 210, Leu 264, 
Lys 268, Val 270 

(continued on next page) 
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Table 5 (continued ) 

Phytochemical Structure Binding 
Energy ΔG 
(kcal/mol) 

H-Bond interaction 
residues 

Pi-Alkyl/Pi-Pi interacting 
residues 

Apigenin -9.7 Gln 79, Asn 54, Ser 
205, Ile 290, Thr 
211 

Val 270, Leu 264, Trp 80, 
Asp 292, Leu 210  

Fig. 7. (A) 2D interaction diagram showing the types of contacts formed between EGFR tyrosine kinase receptor (PDB ID: 1M17) and hinokiflavone. The green 
dotted lines indicate H‑bonding. (B) Surface mapping of hinokiflavone having golden color inside the active site of (PDB ID: 1M17) along with reference molecule. 
The reference molecule is indicated in the purple color. (C) Represents the superimposed docked pose of hinokiflavone with EGFR tyrosine kinase receptor co- 
crystallized ligand erlotinib. (D) Represents the 3D interaction of hinokiflavone at its active site. The protein structure is indicated in light blue color; the hinoki
flavone molecule is indicated in golden color; the amino acid residues are indicated in the black color. 
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Table 6 
Molecular docking analysis of the phytochemicals with EGFR tyrosine kinase domain and reference molecule PDB ID: 1M17 and comparison with reference molecule.  

Phytochemical Structure Binding Energy 
ΔG (kcal/mol) 

H-Bond interaction 
residues 

Pi-Alkyl/Pi-Pi interacting 
residues 

Hinokiflavone -9.9 Arg 817, Asn 818, 
Asp 831, Glu 734 

Ala 719, Leu 694, Leu 820, Val 
702, Phe 699 

Neocryptomerin -9.7 Arg 817, Asn 818 Leu 820, Leu 694, Val 702, Ala 
719, Asp 831, Phe 699, Ile 735 

Sotetsuflavone -9.5 Thr 766, Asp 831 Cys 773, Phe 699, Leu 820, Val 
702, Lys 721 

CryptomerinB -9.1 Leu 694, Met 769 Asp 776, Leu 820, Val 702, Ala 
719 

Heveaflavone -9.1 Met 769 Val 702, Leu 694, Ala 719, Lys 
721, Met 742, Leu 764, Leu 
820 

Isocryptomerin -9.1 Met 769 Phe 771, Leu 694, Val 702, Ala 
719, Leu 820 

Apigenin -8 Leu 764, Thr 830, 
Ala 719 

Leu 820, Leu 694, Val 702, Lys 
721 

(continued on next page) 
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Table 6 (continued ) 

Phytochemical Structure Binding Energy 
ΔG (kcal/mol) 

H-Bond interaction 
residues 

Pi-Alkyl/Pi-Pi interacting 
residues 

Reference 
ligand 

-6.7 Met 769 Val 702, Ala 719, Lys 721  

Fig. 8. (A) 2D interaction diagram showing the types of contacts formed between crystal structure of GSK3B receptor (PDB ID: 5HLP) and sotetsuflavone. The green 
dotted lines indicate H‑bond. (B) Surface mapping of sotetsuflavone having golden color inside the active site of (PDB ID: 5HLP) along with reference molecule. The 
reference molecule is indicated in the purple color. (C) Represents the superimposed docked pose of sotetsuflavone with reference molecule. (D) Represents the 3D 
interaction of sotetsuflavone at its active site. The protein structure is indicated in blue color; the ligand sotetsuflavone is indicated in golden color; the amino acid 
residues are indicated in the black color. 
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Table 7 
Molecular docking analysis of the phytochemicals with crystal structure of GSK3B with reference molecule PDB ID: 5HLP and comparison with reference molecule.  

Phytochemical Structure Binding Energy 
ΔG (kcal/mol) 

H-Bond 
interaction 
residues 

Pi-Alkyl/Pi-Pi interacting 
residues 

Sotetsuflavone -9.8 Asp 133, Val 135 Asp 200, Cys 199, Ala 83, Leu 
188, Ile 62, Val 70 

Hinokiflavone -9.5 Ser 219, Lys 85 Asp 181, Asp 200, Val 70, Ala 
83, Cys 199, Leu 188 

Isocryptomerin -9.4 Arg 223, Val 135 Asp 181, Asp 200, Cys 199, 
Leu 188, Val 70, Ala 83 

Neocryptomerin -9.4 Cys 218, Ser 219, 
Asn 64, Lys 85 

Leu 188, Ala 83, Val 70, Cys 
199, Asp 200, Asp 181 

CryptomerinB -9 Asn 64, Lys 183, 
Arg 220, Tyr 222 

Ala 83, Leu 132, Val 70, Phe 
67, Lys 85 

Heveaflavone -9 Lys 183, Asp 133, 
Val 135 

Asp 200, Val 70, Cys 199, Arg 
141, Ala 83, Leu 188, Ile 62, 
Leu 132 

Reference 
ligand 

-8.3 Val 135, Asp 133 Leu 188, Tyr 134, Val 70, Ile 
62, Cys 199, Ala 83 

(continued on next page) 
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Fig. 9. (A) 2D interaction diagram showing the types of contacts formed between crystal structure of human VEGF-A receptor binding domain (PDB ID: 4KZN) and 
isocryptomerin. The green dotted lines indicate H‑bonding. (B) Surface mapping of isocryptomerin having golden color inside the active site of (PDB ID: 4KZN) along 
with reference molecule. The reference molecule is indicated in the purple color. (C) Represents the superimposed docked pose of isocryptomerin with reference 
molecule. (D) Represents the 3D interaction of isocryptomerin at its active site. The protein structure is indicated in light blue color; the ligand isocryptomerin is 
indicated in golden color; the amino acid residues are indicated in the black color. 

Table 7 (continued ) 

Phytochemical Structure Binding Energy 
ΔG (kcal/mol) 

H-Bond 
interaction 
residues 

Pi-Alkyl/Pi-Pi interacting 
residues 

Apigenin -7.4 Val 135, Asp 133 Tyr 134, Leu 188, Ile 62, Val 
70, Ala 83  
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Table 8 
Molecular docking analysis of the phytochemicals with crystal structure of human VEGFA receptor PDB ID: 4KZN and comparison with reference molecule.  

Phytochemical Structure Binding Energy ΔG 
(kcal/mol) 

H-Bond interaction 
residues 

Pi-Alkyl/Pi-Pi 
interacting residues 

Isocryptomerin -7.7 Cys 104 Met 55, Pro 28, Glu 
103 

Hinokiflavone -7.6 Cys 104 Met 55, Pro 28, Glu 
103 

Neocryptomerin -7.6 Cys 104 Met 55, Pro 28 

CryptomerinB -7.5 Cys 104, Gln 98 Met 55, Glu 103, Pro 
28 

Sotetsuflavone -7.2 Tyr 21, Asn 62, Cys 
61 

Tyr 25 

Heveaflavone -7 Gln 22, Tyr 21, Asn 
62 

Tyr 25 

(continued on next page) 
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ADME features of phytochemicals. Lipinski’s criteria were used to 
determine only when the initial phytochemicals from S. tamariscina 
screened were suitable for docking. Any phytochemicals that failed to 
meet two of Lipinski’s criteria were deemed unsuitable for further 
evaluation. Other than Lipinski’s criteria, physicochemical assessment 
and drug-like abilities of all the selected phytochemicals were also 
considered during the ADME screening process (Chandran et al., 2022). 

2.8. Toxicity analysis of the phytochemicals 

Assessment of phytochemical’s toxic effects and effectiveness is 
critical to drug research and development because drug-induced toxic
ities in the kidneys, brain, liver, heart and contribute to about 75% of 
current drug retention and discontinuation (Cooper, 2016). After the 
ADME and drug likeliness analysis of the phytochemicals from 
S. tamariscina were selected for toxicity prediction by using in-silico 
methods, and toxicity investigation was evaluated with the use of the 
OSIRIS property explorer (http://www.organic-chemistry.org/prog 
/peo) tools accessed on 12 October 2022 (Agrawal et al., 2022) and 
ADMET 2.0 online servers (https://admetmesh.scbdd.com) (Xiong et al., 
2021) tools accessed on 12 October 2022, were used to predict the 
toxicity features of the phytochemicals. 

2.9. MMGBSA analysis 

After docking, MMGBSA analysis was performed for the best-selected 
compound Isocryptomerin fit in target protein AKT1 (PDB ID: 3O96) by 
Prime Schrodinger. MMGBSA, the most powerful and quickest force 
field approach estimates the relative binding affinity of the protein- 
ligand complex in Kcal/mol to calculate van der Waals, covalent, 
generalized born electrostatic, nonpolar, and Coulombic energies to 
check the stability of protein-ligand complex throughout the simulation 
to validate the docking results (Zhang et al., 2017). The docking output 
file was used as input for MMGBSA, then minimizing the energy of the 
docking pose, and calculating binding free energies of the complex using 
generalized born surface area. 

2.10. Molecular dynamics simulation 

To study protein-ligand interactions under physiological conditions, 
200 ns MD simulation of best-selected complex was conducted via 
Desmond (Blessy and Sharmila, 2015). For MD simulation, the complex 
was preprocessed with default settings and removed steric clashes, bad 
contacts, and distorted geometries via Maestro (Madhavi Sastry et al., 

2013). TIP3P was selected as the solvent model and 10 Å orthorhombic 
box was chosen (Shivakumar et al., 2010). During water equilibration, 
the kinetic and potential energy of the complex fluctuates while total 
energy remains the same. System was prepared via the system builder 
tool while neutralized by introducing 0.15 M NaCl salt at 310 K temp. 
and 1 atm pressure during simulation (Rasheed et al., 2021). Lastly, 
trajectories saved and computed all essential analyses to determine the 
stability of protein and ligand complex throughout time. 

2.11. Density functional theory (DFT)-analysis 

For all molecules, the investigation was carried out computationally 
using the Gaussian 16 (Tromer et al., 2021) and Gauss View 06 package 
(Haghi et al., 2022). It was decided to use the B3LYP (Hertwig and Koch, 
1997) functional with the basis set 6–31G** for all of the compounds 
that were reported. The theoretically calculated coordinates of all of the 
designed molecules can be found in the attached supplementary infor
mation (Table S2). To obtain the energy gap values, the same DFT and 
TD-DFT method (Obot et al., 2015) was employed to locate the lowest 
energy levels up to the sixth n states for the geometry optimization. All 
other properties like frontier molecular orbital analysis (FMOs) (Chen 
and Solomon, 2002), molecular electrostatic potential (MEP) (Suresh 
et al., 2022), and density of state analysis (DOS) (Fung et al., 2021) been 
performed using the same level of theory. 

3. Results 

3.1. Screening of active compounds and targets 

After screening, and filtering, a total of active seven phytochemicals 
of S. tamariscina with parameters having DL≥ 0.18 and OB ≥ 30% were 
selected. Oral Bioavailability (OB) is the rate and extent to which the 
active constituent or active moiety of a drug is absorbed from a drug 
product and reaches circulation. Compounds that are formulated to have 
high bioavailability will be more effective, as they will help the body to 
absorb more of the appropriate nutrient without having to take higher 
doses. Drug likeness (DL) computes the likelihood of a molecule being 
bioavailable as an oral drug. Furthermore, the Swiss Target Prediction 
database yielded 148 possible target genes for seven active components. 
Once the drugs promising targets were determined, 5804 target genes 
related to NSCLC were extracted from the Gene Cards and OMIM data
bases. Later, a Venn diagram demonstrated a total of 148 putative anti- 
cancer genes were chosen and referred to as key targets; the results 
obtained are shown in (Table 2). 

Table 8 (continued ) 

Phytochemical Structure Binding Energy ΔG 
(kcal/mol) 

H-Bond interaction 
residues 

Pi-Alkyl/Pi-Pi 
interacting residues 

Apigenin -5.8 Asn 62, Asp 63, Cys 
61 

Asp 63 

Reference 
ligand 

-3.5 Cys 68 -  
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3.2. Compounds target network constructions 

The network diagram for the "active compound-targeted genes " was 
created using seven active compounds, and 1500 targets with the 
highest number of related genes. Each of these active substances has 

several targets, demonstrating that when S. tamariscina is employed as 
an anti-NSCLC cancer drug, these targets result in a synergistic effect. 
The degree of these seven phytochemical compounds in the compound- 
target network pathway was assessed to highlight the compounds hav
ing the highest degree in “Compound-target” network. Current findings 

Table 9 
Molecular docking analysis of phytochemicals with four different crystallographic receptors and comparison with reference molecules.  

Phytochemical Receptor Phytochemical 
ΔG (kcal/mol) 

Reference 
molecule 
ΔG (kcal/ 
mol) 

H-Bond 
interaction 
residues 

Vanderwaal’s 
interacting residues 

Pi-Alkyl/Pi-Pi 
interacting 
residues 

Isocryptomerin 

PDB ID: 
3O96 

-1.1 -13.9 Tyr 272 Val 83, Phe 161, 
Glu 85, Asp 274, 
Thr 82, Gly 294, 
Asp292, Leu 264, 
Ser 205 Asn 53, Val 
271, Asn 54 

Arg 273, Ile 
84, Val 270, 
Gln 79, Trp 
80, Lys 268, 
Cys 296 

Hinokiflavone 

PDB ID: 
1M17 

-9.9 -6.7 Arg 817, Asn 
818, Asp 
831, Glu 734 

Met 769, Gly 772, 
Leu 768, Thr 830, 
Gly 695, Leu 834, 
Gly 833, Ile 735, 
Glu 738, Lys 721 

Ala 719, Leu 
694, Leu 820, 
Val 702, Phe 
699 

Sotetsuflavone 

PDB ID: 
5HLP 

-9.8 -8.3 Asp 133, Val 
135 

Phe 67, Lys 85, Phe 
201, Leu 132, Val 
110, Tyr 134, Arg 
141, Tyr 140, Gln 
185 

Asp 200, Cys 
199, Ala 83, 
Leu 188, Ile 
62, Val 70 

Isocryptomerin   

PDB ID: 
4KZN 

-7.7 -3.5 Cys 104 Ile 76, Gln 98, 
His 99, Asn 100, Lys 
101, Tyr 25, Cys 
102, Cys 26, His 27 

Met 55, Pro 
28, Glu 103  

Fig. 10. Phytochemicals dock score comparison with the reference molecules for all the seven phytochemicals from the plant Selaginella tamariscina.  
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Table 10 
Chemical absorption, distribution, metabolism, and excretion (ADME) properties of the phytochemicals from the plant selaginella tamariscina.  
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revealed that flavonoids have a comparatively maximum degree than 
other classes of compounds (Table 3). 

3.3. PPI network construction 

To create a PPI network, 149 overlapped genes were submitted to the 
STRING database. Nodes and their connected relationships in the PPI 
network show the interactions among several targets during the devel
opment of disease (Fig. 2A). Afterward, a network analysis tool evalu
ated the PPI network of overlapping genes (Fig. 2C). The highest levels 
of overlapping were observed in AKT1 (168), VEGFA (156), EGFR (134), 
ESR (126), SRC (124), PTGS2 (112), MMP9 (100), PPARG (90), KDR 
(66), and GSK3B (64) (Fig. 2D). The highest degree indicates that the 
targeted genes strongly correlate with one another; as a result, all of 
these genes may be important targets. Four genes, specifically AKT1, 

VEGFA, EGFR, and GSK3B, were chosen for molecular-docking studies 
since they were found to be S. tamariscina primary NSCLC targets as 
shown in (Table 4). 

3.4. Go and KEGG analysis 

The potential biological roles of S. tamariscina targets were revealed 
by the functional annotation and enrichment analysis. S. tamariscina 
targets were enriched in multiple processed including protein auto
phosphorylation, positive regulation of gene expression, the extracel
lular exosomes, and other things (Fig. 3). To determine the important 
signaling pathways connected to S. tamariscina anti-NSCLC action, the 
KEGG pathway analysis was carried out. It is noteworthy that the ma
jority of the genes were associated with the pathways for lung cancer. 
Last but not least, KEGG pathway analysis showed that the genes AKT1, 

Fig. 11. ADME analysis for all the seven phytochemicals from the plant Selaginella tamariscina.  

Table 11 
Toxicity prediction of the phytochemicals from the plant selaginella tamariscina.  
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VEGFR, EGFR, and GSK3B were considerably enriched in disease-related 
pathways (Fig.4). The molecular mechanism of the tested phytochemi
cals on the targeted genes AKT1, VEGFR, EGFR, GSK3B, and compounds 
regulating these genes, how they reduce the risk of cancer shown in the 
(Fig. 5). 

3.5. Molecular docking analysis 

3.5.1. Virtual screening on anticancer targets 
Molecular docking analysis was performed among compounds 

(Hinokiflavone, Heveaflavone, Neocryptomerin, Isocryptomerin, Api
genin, Sotetsuflavone, and CryptomerinB) and target proteins to inves
tigate and compare the binding energies and interactions with the 
selected target. The best affinity scores of phytochemicals for PDB ID: 
3O96, 1M17, 5HLP, and 4KZN were observed as -14.1, -9.9, -9.8, and 
-7.7, while the standard drug has a maximum score of -13.9, -6.7, -8.3, 
and -3.5, kcal/mol respectively. Isocryptomerin demonstrated the 
highest binding affinity -14.1 and reference molecule -13.9 kcal/mol for 
(PDB ID: 3O96) when it is compared to the standard inhibitor and other 
crystallographic receptors. The docking poses of the isocryptomerin 
with the highest binding affinity receptor (PDB ID: 3O96), analyzed with 
2D interactions as shown in the figures given below the types of contacts 
formed (Fig. 6) showing the types of interactions formed between iso
cryptomerin and crystallographic receptors as anticancer targets (PDB 
ID: 3O96). The binding affinity scores of isocryptomerin along with the 
reference molecule and other crystallographic receptors (Table 5). 
Hinokiflavone shows the highest binding affinity -9.9 and reference 
molecule -6.7 kcal/mol for (PDB ID: 1M17) when it is compared to the 
reference molecules and other crystallographic receptors. The docking 
poses of the hinokiflavone with the highest binding affinity receptor 
(PDB ID: 1M17) were analyzed with 2D interactions as shown in (Fig. 7), 
showing the types of interactions formed between hinokiflavone and 
crystallographic receptors as anticancer targets (PDB ID: 1M17). The 
best affinity scores of hinokiflavone along with the reference molecule 

for (PDB ID: 1M17) (Table 6). Sotetsuflavone reveals the highest binding 
affinity -9.8 and reference molecule -8.3 kcal/mol for (PDB ID: 5HLP) 
when it is compared to the reference molecules and other crystallo
graphic receptors. The docking poses of the sotetsuflavone with the 
highest binding affinity receptor (PDB ID: 5HLP), were analyzed using 
2D interactions as shown in (Fig. 8), a diagram showing the types of 
bonding established between sotetsuflavone and crystallographic re
ceptors as anticancer target (PDB ID: 5HLP). The best affinity scores of 
sotetsuflavone along with the reference molecule for (PDB ID: 5HLP) are 
given in (Table 7). Isocryptomerin demonstrated the highest binding 
affinity -7.7 and reference molecule -3.5 kcal/mol for (PDB ID:4KZN) 
when it is compared to the reference molecules and other crystallo
graphic receptors. The docking poses of the isocryptomerin with the 
highest binding affinity receptor (PDB ID: 4KZN) were analyzed with 2D 
interactions (Fig. 9) diagram showing the types of interactions formed 
between crystallographic receptors as anticancer target (PDB ID: 4KZN). 
The best affinity scores of isocryptomerin along with the reference 
molecule for (PDB ID: 4KZN) (Table 8). The hydrogen bonding inter
action is crucial for better interaction with the receptor active sites. In 
the reference molecule, only two hydrogen bonding interactions are 
formed with the residues Cys 773 and Asp 831. Isocryptomerin 
demonstrating hydrogen bonding interaction with one new residue Tyr 
272 and a reference molecule was found to be interacted residue Arg 273 
with (PDB ID: 3O96). Hinokiflavone showed hydrogen bonding inter
action with four new residues Arg 817, Asn 818, Asp 831, Glu 734 
whereas in the reference molecules only one hydrogen bonding inter
action was found with residue Met 769 in the (PDB ID: IM17). Sotet
suflavone has hydrogen bonding interaction with two similar residues 
Asp 133, Val 135 and in the reference molecules, similar hydrogen 
bonding interactions were observed with these residues Asp 133, Val 
135 in the (PDB ID: 5HLP). Isocryptomerin reveals hydrogen bonding 
interaction with one new residue Cys 104 where as in the reference 
molecule has hydrogen bonding with Cys 68 in the (PDB ID: 4KZN). Four 
new hydrogen bonding founds in the phytochemicals with residues Arg 
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817, Asn 818, Asp 831, Glu 734 which are crucial for the activity as 
shown in (Table 9). The binding affinity of the docked molecule with 
target proteins is elaborated in (Fig. 10). 

3.6. ADME and drug likeliness 

After docking analysis, the phytochemicals Hinokiflavone, Hevea
flavone, Neocryptomerin, Isocryptomerin, Apigenin, Sotetsuflavone, 
and Cryptomerin B from the plant S. tamariscina were selected for the 
ADME analysis based on the best dock score with four different crys
tallographic receptors as anticancer targets. Hinokiflavone was indi
cated to have four rotatable bonds ten H-bond acceptors five H-bond 
donors along with a synthetic accessibility score of 4.05, a bioavail
ability score of 0.55 predicted and ligand demonstrated low GI ab
sorption with no BBB permeation. Heveaflavone was demonstrated to 
have six rotatable bonds ten H-bond acceptors three H-bond donors 
along with a synthetic accessibility score of 4.6 and demonstrated low GI 
absorption along with a bioavailability score of 0.55. It is found to have 
no BBB permeation. Neocryptomerin was found to have ten H-bond 
acceptors four H-bond donors along with five rotatable bonds and has 
synthetic accessibility score of 4.21, demonstrated low GI absorption 
with a bioavailability score of 0.55, Neocryptomerin showing no BBB 
permeation in the ADME analysis. Isocryptomerin has ten H-bond ac
ceptors four H-bond donors along with five rotatable bonds and has a 
synthetic accessibility score of 4.21. Isocryptomerin shows low GI ab
sorption with a bioavailability score of 0.55 and has no BBB permeation 
properties. Apigenin was demonstrated to have five H-bond acceptors, 
and three H-bond donors along with one rotatable bond and has a 
synthetic accessibility score of 2.96, Apigenin was found to have high GI 
absorption with no BBB permeation and shows a bioavailability score of 

0.55. Sotetsuflavone has ten H-bond acceptors, five H-bond donors 
along with four rotatable bonds, and has a synthetic accessibility score 
of 4.37, Sotetsuflavone was found to have low GI absorption with no 
BBB permeation and demonstrates a bioavailability score of 0.55. 
Cryptomerin B was found to have six rotatable bonds ten H-bond ac
ceptors three H-bond donors along with a synthetic accessibility score of 
4.33, a bioavailability score of 0.55 predicted and ligand demonstrated 
low GI absorption with no BBB permeation. The preliminary ADME 
screening was focused primarily on Lipinski’s rule of five gastrointes
tinal retention properties, and PAINS. The phytochemicals following 
Lipinski’s rule of five, with strong gastrointestinal retention character
istics and no PAINS signals, were identified for screening. For the seven 
phytochemicals screening was performed based on Lipinski’s rule of 
five, synthetic accessibility score, and PAINS analysis, gastrointestinal 
retention property, and other criteria of draggability were considered. 
The phytochemicals following Lipinski’s rule of five, exhibiting gastro
intestinal retention properties and reproducing synthetic accessibility 
scores less than five along with zero PAINS alerts, were identified as 
shown in (Table 10). The ADME analysis for all seven phytochemicals 
from the plant S. tamariscina is shown in (Fig. 11). 

3.7. Toxicity-based screening 

After ADME analysis next step was to investigate the toxicity profile 
of the virtually screened ligands. The phytochemicals were selected on 
the basis of docking score with crystallographic receptors of anticancer 
targets having PDB ID: 3O96, 4KZN, 1M17, and 5HLP. The phyto
chemicals Hinokiflavone, Heveaflavone, Neocryptomerin, Iso
cryptomerin, Apigenin, Sotetsuflavone, and Cryptomerin B were 
selected for toxicity profile prediction. The phytochemicals from 

Fig. 13. RMSD analysis of the anticancer target AKT1 (PDB ID: 3O96) and phytochemical isocryptomerin with time. The left Y-axis show variation of protein RMSD 
while right Y-axis show ligand variation throughout the simulation. 
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Fig.14. (A) and (B) show atom-wise RMSF of phytochemical isocryptomerin with respect to target protein AKT1 (PDB ID: 3O96) (lower panel) and ligand 
(upper panel). 
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S. tamariscina Hinokiflavone demonstrated no indication for mutagenic 
effect, no tumorigenic risk found, no irritant property observed, and 
mild reproductive effects. Heveaflavone was found to have no tumori
genic risk, no irritant properties along with no reproductive effects, and 
no mutagenic indication. Neocryptomerin shows no mutagenic indica
tion, no tumorigenic risk, no irritant property, and has mild reproduc
tive effects. Isocryptomerin revealed no mutagenic indication, no 
tumorigenic risk, no irritant properties, and mild reproductive effects. 
Apigenin shows no mutagenic indication, no tumorigenic risk, no irri
tant properties, and no reproductive effects. Sotetsuflavone demon
strated no mutagenic indication, no tumorigenic risk, no irritant 
properties, and no reproductive effects. Cryptomerin B indicated no 
mutagenic indication, no tumorigenic risk, no irritant property, and 
mild reproductive effects. and finally, Isocryptomerin had acceptable 
toxicity and draggability profiles all of them, therefore was chosen as the 
final hit compound for MD-simulations analysis. The prediction proba
bility values are transformed into six symbols: 0–0.1(—), 0.1–0.3(–), 
0.3–0.5(-), 0.5–0.7(+), 0.7–0.9(++), and 0.9–1.0(+++) as shown in 
(Table 11). 

3.8. MMGBSA-binding free energy calculations 

The computational cost-effective technique MMGBSA is used to 
compute the binding free energy of ligand in contact with the protein. 
Prime Schrödinger provides a detailed energy profile of protein and 
ligand complex as it computes coulombic (-12.92), covalent (2.95), 
lipophilic (-6.50), van der Waals (-19.01), hydrogen bonding (-1.08) and 
the total binding free energy is -34.52 for Isocryptomerin. Lower binding 
free energy (more negative values) denoted stability and favorable 
binding of ligand at the active site of the target protein. According to 
binding free energy values, coulombic energies (-12.92) contribute more 
than others. Prime MM-GBSA evaluates binding energy calculations 
more accurately than molecular docking and reveals stronger binding of 
the ligand to the receptor (Pattar et al., 2020). The MMGBSA-binding 
free energy calculations are shown in (Fig. 12). 

3.9. Molecular dynamics simulation 

A 200 ns MD simulation was conducted for the best complex to 
compute RMSD, RMSF, protein-ligand contents, and some other pa
rameters from MD trajectories with reliable findings. (Fig. 13) illustrate 
that how RMSD of protein in contact with ligand fluctuates over time 
and it’s a crucial way to validate the accuracy and stability of docking 

geometry. Protein RMSD reaches stability at 5 ns and fluctuates within 4 
Å up to 135 ns. The structure of AKT1 slightly growing and there was a 
minor increase in RMSD at 136 ns within the satisfactory range 
throughout the time. The average protein RMSD value is 2.4 to 5.6 Å and 
the structure remains stable throughout the simulation. RMSD of ligand 
fit to protein stable at 2 ns till 40 ns within the range of 1 to 2.5 Å and 
then there is an abrupt increase in ligand RMSD within the range of 3 to 
4.8 Å that represents interaction with AKT1. After that, there is some 
decrease in ligand RMSD from 100 to 200 ns simulation within the range 
of 1.6 to 3 Å. At some points, ligand RMSD increases and decreases 
abruptly due to rotatable bonds while no significant changes indicate 
that ligand is stably bound in the active site of AKT1 protein. (Fig. 14A 
and 14B) demonstrate atom-wise RMSF value of Isocryptomerin and 
residue-wise RMSF value of AKT1 protein respectively. The majority of 
amino acid residues have RMSF value <3.7 Å except for one higher peak 
in the middle and N and C terminal variations indicate the presence of 
loops regions while areas with minimum fluctuations represent alpha 
helixes and beta strands and contribute to the rigidity of protein struc
ture. Isocryptomerin maintains RMSF value within 1.20 to 1.75 Å for the 
majority of atoms with respect to protein. 

(Fig. 15) depicts numerous forms of protein-ligand interactions 
including hydrogen, ionic bonds, hydrophobic contacts, and water 
bridges that occur during MD simulation, and values above 1.0 are 
considered feasible. Asn54, Glu85, Tyr272 are important for hydrogen 
bonds and water bridges. Trp80, Val83, Arg273 residues make hydro
phobic interactions while the most representative ionic bonds are 
formed by Thr160 and Lys297 residues. (Fig. 16) top panel demonstrates 
the total number of protein-ligand interactions whereas the lower panel 
displayed residues that come into contact with ligand. Asn54, Trp80, 
Glu85, Thr160, Arg273, Asp274 residues make more than one specific 
contact with Isocryptomerin and occur for more than 30% of simulation 
time and are represented by a darker shade of orange (Fig. 17). Torsion 
plot of Isocryptomerin find out conformation of all 9 rotatable bonds 
throughout the simulation. The left panel shows 2D schematic of Iso
cryptomerin with color-coded rotatable bonds while the right panel 
shows a dial plot and bar plots of the same color and values expressed in 
kcal/mol. Histogram and torsion potential relationships give insights 
that Isocryptomerin maintains protein-bound conformation (Fig. 18) 
Ligand properties i.e., Molecular surface area (MolSA) 76 Å, solvent 
accessible surface area (SASA) 120 Å, Radius of Gyration (rGyr) 30 Å, 
polar surface area (PSA) 295 Å are within the optimum range. The 
isocryptomerin properties were determined via MD simulation 
(Table 12). 

Fig. 15. Protein-ligand contacts histogram and ligand interaction (anticancer target AKT1 (PDB ID: 3O96) with phytochemical isocryptomerin).  
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3.10. Frontier molecular orbital analysis (FMOs) 

All density functional theory (DFT) analyses were carried out using 
the hybrid functional B3LYP (Civalleri et al., 2008) at basis set 6–31 G 
(d, p). The electron density of HOMO and LUMO can be easily under
stood by FMOs model. The distribution pattern of charges in LUMO 

(lowest unoccupied molecular orbital) and HOMO (highest occupied 
molecular orbital) can be estimated using frontier molecular orbitals. 
Frontiers molecular orbitals, also known as HOMO and LUMO, are 
quantum computational methods for predicting chemical reactivity and 
stability based on the highest and lowest excited states. The degree to 
which an electron is excited from its lowest ground state to its excited 

Fig. 17. The ligand torsions plot summarizes the conformational evolution of every rotatable bond (RB) in the ligand throughout the simulation trajectory (0.00 
through 100.00 ns). 

Fig. 16. A timeline representation of interactions and different contacts such as H-bonds, Ionic, Hydrophobic, and Water bridges (anticancer target AKT1 (PDB ID: 
3O96) with phytochemical isocryptomerin). 
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Fig. 18. Ligand properties Intramolecular Hydrogen Bonds (intraHB), Molecular Surface Area (MolSA), (Radius of Gyration (rGyr), Polar Surface Area (PSA) Solvent 
Accessible Surface Area (SASA) derived from MD simulations. 
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state is the primary factor that determines electronic absorption as well 
as the energy gap between orbitals (Saravanan and Balachandran, 
2014). It is important to consider the energy gap between two states, 
known as HOMO and LUMO, when determining which state is the most 
stable. As the energy gap widens, fewer electrons are transferred, which 
results in a greater demand for energy (Ali and Abbas, 2022). The energy 
gap values for all computationally calculated novel ligands are displayed 
in (Table 13), along with the two chemical descriptors for hardness and 
softness. The energy gap in Neocryptomerin is the smallest of all of the 
potent ligands that have high softness values that it possesses suggesting 
that it is more stable than the other ligands that are currently the subject 
of research. The energy gap ranges from 4.057 to 4.425 eV. The ligand 
Neocryptomerin occupied the electron density region on the left side, 
whereas the other ligands displayed a variety of patterns (Fig. 19). 

3.11. Molecular electrostatic potential (MEP) 

Atomic charges are used in computer-aided drug design to investi
gate drug structure and biological activity. The molecular electrostatic 
potential, or MEP, is a measure that provides information about the 
electrophilic and nucleophilic regions, as well as the most suitable 
charge point like reagents on organic molecules (Mutlu et al., 2015). 
MEP contributes to a better understanding of the biological recognition 
process as well as the interaction between hydrogen bonds (Khan et al., 
2021). To predict the different geometries’ interactions at different 
points, MEP maps are also constructed from the same DFT functional 
B3LYP/6–31G**. MEP maps provide additional information in a single 
calculation, such as the color grading of positive and negative regions, 
which can be used to find physicochemical property relationships 
(Suresh et al., 2022). Maximum negative areas in red are conducive to 
electrophilic assaults, maximum positive areas in blue are conducive to 
nucleophilic attacks, and zero potential areas are represented in green 
(Fig. 20). 

3.12. Density of state analysis (DOS) 

These molecules were also subjected to a density of state (DOS) ex
amination, and the results confirmed the information provided by the 
FMO results. In a similar way, the DOS shows the energies of each MO of 
these specially-made organic donor molecules, both when it is occupied 
and when it is not. So, the range of energy is very important. PyMOlyze 
software suite is used to make DOS graphs. DOS is another approach that 
can be used to present the values of HOMO and LUMO along with an 
energy gap that can be seen in the curve pattern (Fig. 21), more details 
can be found in the supplementary material (Table S1). 

4. Discussion 

Recent years have increased interest in natural product research 
(Hong et al., 2019). Understanding the complex interactions between 
drugs and their targets and the likely mechanisms of action is made 
easier by the network pharmacology method (Shao and Zhang, 2013) 
(Alasti et al., 2006). Additionally, the variety of new drug development 
from plant sources poses methodological difficulties (Ma et al., 2015), 
due to the newly developed lack of ADME characteristics. A thunderbolt 
of the current era will be the identification of possibly bioactive sub
stances that stop the pathophysiology of ailments and diseases. Medi
cation was discovered, and because research is expensive, drug 
discovery methodologies face more difficulties (Zhang et al., 2019). 

Lung cancer is one of the most frequently diagnosed cancers and is 
the leading cause of cancer-related death worldwide (Alasti et al., 2006). 
Non-small-cell lung cancer (NSCLC), a heterogeneous class of tumours, 
represents approximately 85% of all new lung cancer diagnoses (Ma 
et al., 2015). Tobacco smoking remains the main risk factor for devel
oping this disease, but radon exposure and air pollution also have a role 
(Zhang et al., 2019). Most patients are diagnosed with advanced-stage 
disease owing to inadequate screening programmes and the late onset 
of clinical symptoms; consequently, patients have a very poor prognosis. 
There is currently no particularly efficient method for identifying and 
treating NSCLC. The most popular diagnostic technique is image 
detection, which is followed by genetic diagnosis (Hong et al., 2019) 
(Miller and Snyder, 2012). Recent methods of treating NSCLC include 
immunotherapy, radiotherapy, and targeted therapy. The plant family 
Selaginellaceae is the genus Selaginella, often known as spike moss, 
which belongs to an important group of early vascular plants (Kang 
et al., 2020). More than 700 different Selaginella species have been 
identified, and they are found around the world in a variety of envi
ronments, including deserts, tropical rain forests, and hilly areas (Banks, 
2009) (Shim et al., 2021). Numerous bioactive substances, such as fla
vonoids, (neo)lignans, phenols, and alkaloids, are present in these plants 
(Huang et al., 2009). Significant advancements have been made in 
recent years in the separation of bioactive compounds from this ancestor 

Table 13 
Calculated values of HOMO, LUMO, energy gap, hardness and softness analysis 
for all the seven phytochemicals from the plant Selaginella tamariscina.  

Phytochemical EHOMO ELUMO Eg Hardness (η) Softness (S) 

Apigenin -5.854 -1.429 4.425 2.212 0.452 
Cryptomerin B -5.862 -1.486 4.376 2.188 0.457 
Isocryptomerin -5.982 -1.844 4.138 2.069 0.483 
Neocryptomerin -5.845 -1.788 4.057 2.028 0.493 
Hinokiflavone -5.950 -1.571 4.379 2.189 0.456 
Heveaflavone -5.602 -1.287 4.315 2.157 0.463 
Sotetsuflavone -5.735 -1.415 4.32 2.160 0.462  

Table 12 
Isocryptomerin properties determined via MD simulation i.e., Intramolecular Hydrogen Bonds (intraHB), RMSD, Molecular Surface Area (MolSA), Radius of Gyration 
(rGyr), Polar Surface Area (PSA), Solvent Accessible Surface Area (SASA).  

Ligand properties RMSD RGyr intraHB MolSA SASA PSA 

Isocryptomerin   

1.2 30 2 76 120 295  
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Fig. 19. Electron density regions shown by HOMO and LUMO analysis for all the seven phytochemicals from the plant Selaginella tamariscina.  
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group of primitive vascular plants. S. tamariscina (P. Beauv.) is a species 
that has drawn a lot of interest because of its longstanding use in 
traditional medicine and cosmetics. The pharmacological characteristics 
of new compounds derived from this species have been studied. 

S. tamariscina (Beauv.) is used to treat multiple ailments, worldwide. 
Flavonoids (such as amentoflavone, hinokiflavone, sotetsuflavone, and 
apogenin) and saccharides make up the majority of its ingredients (e.g. 
trehalose, D-glucose, dfructose and D-rhamnose) (Cheong et al., 1998). 
S. tamariscina has been shown to have antibacterial, anti-hypertensive, 
and anti-hyperglycemic properties in earlier research (Hsin et al., 
2013) (Jeong et al., 2022) (Zheng et al., 2011). Additionally, it has been 
demonstrated that S. tamariscina possesses anti-tumor properties, most 
likely through the expression of the p53 tumor suppressor gene and the 
triggering of G1 arrest in the cell cycle in some tumor cell lines (Lee 
et al., 1999). Yang et al. recently discovered that S. tamariscina extract 
(STE) can reduce the expression of MMPs and u-PA and prevent lung 
cancer cells from migrating and metastasizing (Yang et al., 2007). Using 
S. tamariscina processes for NSCLC therapy, this study lays the ground
work for the initial screening of bioactive S. tamariscina compounds and 
introduces a novel therapeutic idea. The discovery of potential bioactive 
substances that halt the pathophysiology of diseases and disease will be 
the defining feature of this era. The current study predicted multiple 
target genes that are found to be engaged in several cancer-related 
pathways. Disease development can be prevented by focusing on the 
genes that disrupt cancer pathways. This may entail blocking signaling 
pathways, restricting migration, differentiation, and proliferation, 
regulating genes, metabolizing carcinogens, and inducing apoptosis by 
interrupting the cell cycle. (Lan et al., 2019). 

The present study uncovered those target genes which are involved 

in different pathways in cancer. The disease can be controlled by tar
geting those genes that are involved to disturb the cancerous pathways. 
According to this research, AKT1, VEGFA, EGFR, and GSK3B are directly 
linked with cancer pathways, so a disturbance in these genes can cause a 
disease like NSCLC. further, it is confirmed by molecular docking and 
simulation that active compounds and key targets have stable binding 
forces between them. (Lee et al., 2011) demonstrated that AKT1 con
tributes to cell survival, albeit via different mechanisms, and that the 
effects on cell growth and migration are predominantly regulated by 
AKT1. Thus, AKT1 represents a potentially important target for che
moprevention in individuals at high risk of NSCLC. After comparison of 
the current findings with previous studies, it is worth noting that the 
majority of the compounds target AKT1 which ultimately aids in 
refining targeted strategies for the inhibition of AKT isoforms towards 
the sensitization of NSCLC cells to active compounds of S. tamariscina. 
Vascular endothelial growth factor A (VEGFA) is one of the main me
diators of angiogenesis in NSCLC. Recently, it has been described as an 
autocrine feed-forward loop in NSCLC cells in which tumor-derived 
VEGFA promoted the secretion of VEGFA itself, amplifying the proan
giogenic signal. (Frezzetti et al., 2016) reported that VEGFA regulation 
mainly occurred at the post-transcriptional level and that NSCLC cells 
expressed different isoforms of VEGFA. Collectively, the author sug
gested that VEGFA contributes to lung cancer progression by inducing a 
network of angiogenic factors, which might offer the potential for 
therapeutic intervention. Further, the findings of the current study also 
proposed that active compounds of S. tamariscina target VEGFA proteins 
which in turn assist in inhibiting the progression and proliferation of 
NSCLC. 

EGFR is a transmembrane receptor tyrosine kinase protein that is 

Fig. 20. Molecular electrostatic potential analysis for all the seven phytochemicals from the plant Selaginella tamariscina.  
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expressed in some normal epithelial, mesenchymal, and neurogenic 
tissue (Panwar et al., 2022). Recent studies (Veale et al., 1987) (Kumari 
et al., 2019) uncovered mutation frequency in squamous cell carcinoma. 
Similarly, O’Flaherty et al. reported that Glycogen synthase kinase-3 
(GSK3) is over-expressed and hyperactivated in NSCLC and plays a 
role in ensuring the correct alignment of chromosomes on the metaphase 
plate during mitosis through regulation of microtubule stability. To sum 
up, the current study proposed multiple therapeutic targets and targeted 
these proteins with S. tamariscina-related active constituents which ul
timately produce a fruitful outcome in controlling the pathogenesis of 
disease worldwide. 

Inflammation predisposes to the development of cancer and pro
motes all stages of tumorigenesis. Recently,(Shim et al., 2018) reported 
that hinokiflavone of S. tamariscina has strong anti-inflammatory ac
tivities. Inflammatory responses become chronic in cancer which can 
result in cell mutation and proliferation and create an environment that 
is conducive to the development of cancer. Similarly, Apigenin has been 
demonstrated to show broad anti-cancer effects in various types of 
cancers, including colorectal cancer, breast cancer, liver cancer, lung 
cancer, melanoma, prostate cancer, and osteosarcoma(Xu et al., 2016) 
(Huang et al., 2016) (Lee et al., 2016)(Zhao et al., 2017) (Gupta et al., 
2002) (Kumar et al., 2021). This flavone inhibits cancer cell prolifera
tion by triggering cell apoptosis, inducing autophagy, and modulating 
the cell cycle. Apigenin also decreases cancer cell motility and inhibits 
cancer cell migration and invasion. Recently, apigenin was reported to 
show anti-cancer activities by stimulating an immune response(Carde
nas et al., 2016). During those processes, multiple signaling pathways 

and protein kinases are modulated by apigenin, including PI3K/AKT, 
MAPK/ERK, JAK/STAT, NF-κB, and Wnt/β-catenin. Thus, targeting 
proteins with Heveaflavone, Neocryptomerin, Isocryptomerin, Apige
nin, Sotetsuflavone, and Cryptomerin can result in reducing the chance 
of NSCLC in affected individuals. 

GO enrichment analysis was used to discover the biological details of 
the target genes which revealed that target genes were mainly involved 
in protein phosphorylation, peptidyl-threonine phosphorylation, phos
phatidylinositol 3-kinase complex, and protein serine/threonine/tyro
sine kinase activity. Targets were engaged in pathways connected to 
liver cancer, according to KEGG pathway research. According to the 
KEGG pathway enrichment data, the potential targets were strongly 
enriched in cancer-related pathways, including the pathways for relaxin 
signaling, PI3K-Akt signaling, HIF-1 signaling, EGFR tyrosine inhibitor 
resistance, Ras signaling, and cell cycle signaling. 

The compound-genes-pathway network’s topological properties 
identified four key targets as the core targets: AKT1, VEGFA, EGFR, and 
GSK3B. Furthermore, these core targets were validated using molecular 
docking, which revealed that the phytochemicals Hinokiflavone, 
Heveaflavone, Neocryptomerin, Isocryptomerin, Apigenin, Sotetsu
flavone, and Cryptomerin B bound stably with these core targets. These 
four compounds can be employed to treat NSCLC because of their ca
pacity to bind stably with key targets, according to the results of docking 
studies. In light of current network pharmacology, this study predicted 
the active compounds, their probable targets, and associated pathways 
for the treatment of lung cancer, providing a theoretical foundation for 
subsequent experimental research. Due to network pharmacology’s 

Fig. 21. Density of states analysis for all the seven phytochemicals from the plant Selaginella tamariscina.  
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limitations, data mining is the sole method that can be used to identify 
the fundamental pharmacological mechanism for treating liver cancer. 
A variety of databases are particularly used in the mining of active 
chemicals. Despite the fact that databases are curated, there may still be 
a great deal of inconsistencies because of the range of information 
sources and experimental data. This difficulty can be resolved using 
contemporary high-throughput chromatographic techniques, such as 
liquid chromatography and mass spectrometry. Despite the compelling 
evidence that has been provided, more studies and clinical trials are 
necessary to thoroughly explore the potential of S. tamariscina and to 
confirm its potential for use in medicine. 

5. Conclusions 

The scientific basis for evaluating the effectiveness of multicompo
nent, multitarget pharmacological therapies and identifying new ther
apeutic targets for the treatment of NSCLC in the current research. The 
fundamental mechanism for the therapy of NSCLC was investigated in 
this study using network pharmacology and molecular docking. 
Network Pharmacology research reveals that S. tamariscina contains 
multi-targeting substances that work on a variety of disease-related 
pathways; as a result, they may be thought of as innovative therapeu
tic alternatives for treating NSCLC. The present research also showed 
that the AKT1, VEGFA, EGFR, and GSK3B genes are efficient and 
promising therapeutic agents for reducing NSCLC incidence and 
potentially showing therapeutic benefits on NSCLC. Each phytochemical 
reactive property was validated by exploiting the energy gap between 
two orbitals. Using density functional theory (DFT), the Neocryptomerin 
phytochemical with the lowest energy gap (4.057 eV) among the seven 
was revealed to be the most effective ligand for the treatment of NSCLC. 
Furthermore, wet lab/experimental techniques are required to validate 
the mechanism. Moreover, this research also provides information about 
the involvement of AKT1, VEGFA, EGFR, and GSK3B genes their 
involvement in the development of NSCLC. But further experimental 
techniques are required to understand the mechanism of these genes in 
response to liver cancer. 
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