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Arijit Nandia, Tanzeem Nigara, Anwesha Dasb and Yadu Nandan Deya 

aDepartment of Pharmacology, Dr. B.C. Roy College of Pharmacy and Allied Health Sciences, West Bengal, India; bDepartment of Medicinal 
Chemistry, National Institute of Pharmaceutical Education and Research, Ahmedabad, Palaj, Gandhinagar, Gujarat, India 
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ABSTRACT 
Plumbago zeylanica is an important plant used in the Ayurvedic system of medicine for the treatment 
of hemorrhoids or piles. Despite its clinical uses, its molecular mechanism, for ameliorating hemorrhoids 
is not yet explored. Hence, the present study evaluated the plausible molecular mechanisms of P. zey
lanica in the treatment of hemorrhoids using network pharmacology and other in silico analysis. 
Network pharmacology was carried out by protein, GO, and KEGG enrichment analysis. Further ADME/ 
T, molecular docking and dynamics studies of the resultant bioactive compounds of P. zeylanica with 
the regulated proteins were evaluated. Results of the network pharmacology analysis revealed that the 
key pathways and plausible molecular mechanisms involved in the treatment effects of P. zeylanica on 
hemorrhoids are cell migration, proliferation, motility, and apoptosis which are synchronized by cancer, 
focal adhesion, and by signalling relaxin, Rap1, and calcium pathways which indicates the involvement 
of angiogenesis and vasodilation which are the characteristic features of hemorrhoids. Further, the 
molecular docking and dynamics studies revealed that the bio active ingredients of P. zeylanica strongly 
bind with the key target proteins in the ambiance of hemorrhoids. Hence, the study revealed the 
mechanism of P. zeylanica in ameliorating hemorrhoids.

HIGHLIGHTS
� Potential mechanisms of treatment of hemorrhoids are related to the processes including cell 

migration, regulation of cell population proliferation, cell motility, and apoptosis.
� The molecular docking outcomes reveal that the active ingredients of P. zeylanica bind with the 

key target proteins, such as PIK3CA, EGFR, PRKCA, VEGFA, MMP-9 and NOS2 in the management of 
hemorrhoids.
� Altogether, this study unveils the systemic biological profiles of P. zeylanica.
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1. Introduction

Hemorrhoids (Piles) are inflamed veins that have undergone 
excessive swelling and inflammation which mainly arises 
around the anorectal region. The formation of hemorrhoids 

usually occurs because of elevated pressure in the veins in 

the anorectal region which dilate and distort the vascular 

channel abnormally leading to extravasation in the blood 

vessels resulting in bleeding. Epidemiological studies 
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suggests the prevalence rate of hemorrhoids is 11% (Sheikh 
et al., 2020). Treatment of hemorrhoids includes lifestyle 
modification, drug therapy, sclerotherapy, and surgery. The 
exact cause and development of hemorrhoids have not yet 
been fully explained due to the complexity of its origins and 
pathogenesis. The phenomenon and the headway of hemor
rhoids are mainly related to five reasons i.e. constipation, 
relaxation of supportive tissue in the rectal area, increased 
pressure in the abdominal region, reduced venous return 
during defecation, and blood stagnation inside the dilated 
plexus (Margetis, 2019). The mechanisms of the currently 
commercially available anti-hemorrhoidal drugs are based on 
palliative treatment. Because of the limited available thera
peutic agents for treating hemorrhoids, the traditional sys
tem of medicines is the only available therapy that needs to 
be developed and explored. However, very few studies 
delineated the experimental evaluation of medicinal plants 
on hemorrhoids. Therefore, the development and utilization 
of new anti-hemorrhoidal drugs are inescapable.

Plumbago zeylanica L (family Plumbaginaceae), popularly 
well-known as chitraka, chita, chitra and chitra-moolam. The 
roots and root barks have high medicinal uses such as they 
are bitter, stomachic, carminative, anthelmintic, astringent, 
curing intestinal troubles, dysentery, inflammation, piles, 
bronchitis, constipation, rheumatic diseases, and skin dis
eases. P. zeylanica roots are widely used in the Ayurvedic sys
tem of Medicine for the treatment of Arsa (piles), Sotha 
(inflammatory disease), Grahani Roga (disorders in the intes
tine), Udarsula (abdominal pain), and Gudasotha (inflamma
tion of the rectum) (Chowdhury et al., 2020; Edition, 2016; 
Madan et al., 2023; Patel et al., 2021; Satyavati et al., 1987; 
Sharma et al., 2000). Previous studies reported that the root 
extracts exhibited CNS stimulatory, hypolipidemic, anti- 
tumor, antimicrobial, anticancer, and wound healing activities 
(Dwivedi, 1997; Makhal et al., 2021; Parveen et al., 2023; 
Shrimali et al., 2001). The major phytoconstituents of the 
root include plumbagin, 3-chloroplumbagin, elliptinone, 
chitranone, isozeylanone, 2-(1-hydroxy-1-methyl-ethyl)-9- 
methoxy-1,8-dioxa-dicyclopenta-b-g-Naphthalene-4,10-dione, 
droserone, zeylenone, plumbagic acid, plumbazeylinone, nap
thelenone and isoshinanolone (Lin et al., 2003; Nandi, Das, Lin, 
& Chakraborty, n.d.; Sidhu & Sankaram, 1971). Despite of the 
traditional and Ayurvedic use of P. zeylanica in hemorrhoids, 
no studies have scientifically evaluated its mechanism for 
ameliorating hemorrhoids. Hence, in this study, we first intro
duced network pharmacology to analyze the phytoconstitu
ents and signaling pathways of the anti hemorrhoidal effect 
of the P. zeylanica. This network pharmacology study revealed 
the synergistic effect of various phytoconstituents and their 
mechanisms through the various targets for the treatment of 
hemorrhoids.

2. Materials and methods

2.1. Identification of bioactive compounds and targets

In this study, phytoconstituents were obtained from the 
IMPPAT (Indian Medicinal Plants, Phytochemistry, and 

Therapeutics) database (https://cb.imsc.res.in/imppat/) and 
PubMed (https://pubmed.ncbi.nlm.nih.gov/). The PubChem 
database (https://pubchem.ncbi.nlm.nih.gov/) was used to 
collect additional information, including PubChem ID, CAS, 
canonical smiles, and 2D structures of the phytoconstituents. 
To predict the targets of the phytoconstituents, two web 
servers, BindingDB (https://www.bindingdb.org/bind/index. 
jsp) and Swiss Target Prediction (http://www.swisstargetpre
diction.ch/), were utilized. These servers are based on the 
bioactive compounds of P. zeylanica and their probable tar
gets. For identifying hemorrhoid-specific targets, data were 
derived from the DisGeNET database (https://www.disgenet. 
org/), the GeneCards database (https://www.genecards.org/), 
and the OMIM webserver (https://www.omim.org/). The key
word ‘Hemorrhoids’ and the organism ‘Homo sapiens’ were 
used to search for relevant targets. The identified targets 
were verified using UniProt ID, and their names were stand
ardized into official gene symbols with the help of the 
UniProt database (https://www.uniprot.org/). The Venn dia
gram created using Venny2.1.0 (https://bioinfogp.cnb.csic.es/ 
tools/venny/index.html) was employed to find the mutual 
targets shared between the bioactive constituents and 
hemorrhoids.

2.2. Collection of protein-protein interaction (PPI) data

The selected targets were integrated into the STRING11.0 
database (https://string-db.org/) to construct a PPI network, 
focusing on ‘Homo sapiens’ as the species and setting a min
imum interaction threshold of ‘high confidence > 0.7’. To 
improve clarity, detached nodes were concealed in the net
work visualization using Cytoscape software. To identify 
highly interconnected clusters within the PPI network, we 
employed the Molecular Complex Detection (MCODE) algo
rithm (version 1.5.1), a Cytoscape plug-in. We applied specific 
threshold parameters: a maximum depth of 100, a node 
score of 0.2, and a K-core of 2 (M. Zhang et al., 2021) to 
facilitate the identification of PPI sub-networks.

2.3. GO and KEGG enrichment analyses

To predict the Gene Ontology (GO) biological processes, we 
utilized ShinyGO 0.76, and for enrichment analyses, we 
employed the Kyoto Encyclopedia of Genes and Genomes 
(KEGG) metabolic pathway analysis, focusing on the mutual 
targets of P. zeylanica and hemorrhoids. The top 20 bio
logical pathways and processes were selected based on a 
False Discovery Rate cutoff of 0.05 and fold enrichment. 
These results were presented as bubble charts, showing 
adjusted pvalue, fold enrichment, and gene counts. The GO 
analysis provided insights into various biological processes, 
cellular components, and molecular functions. To discover 
key target proteins crucial for the treatment effects of 
P. zeylanica, we constructed a network using the significant 
pathways obtained from the KEGG analysis (Song et al., 
2022). All the information regarding the key targets and 
involved pathways was obtained from online software, aiding 
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in predicting the likely mechanism of action of the bioactive 
ingredients of P. zeylanica in the treatment of hemorrhoids.

2.4. Molecular docking validation

The phytoconstituents used in this study were obtained from 
publicly accessible databases. Molecular docking studies 
were conducted on the 32 compounds which were screened 
from 37 compounds using Glide XP from Schrodinger 2017_ 
2. The ligands’ energy-minimized structures were docked 
with the crystal structures of human PIK3CA (PDB ID: 7JIU, 
resolution of 2.12 Å), EGFR (PDB ID: 3W2S, resolution of 
1.90 Å), vascular endothelial growth factor (VEGF) (PDB ID: 
1VPP, resolution of 1.90 Å), matrix metallopeptidase 9 (PDB 
ID: 5CUH, resolution of 1.83 Å), nitric oxide synthase (PDB ID: 
3E7G, resolution of 2.20 Å), and the predicted structure of 
PRKCA (Gene: Prkar1a) using the AlphaFold algorithm, with 
validated grid parameters (Abdizadeh et al., 2020; Chattaraj 
et al., 2023; Chattaraj et al., 2022; Hong et al., 2021).

2.5. Molecular dynamics validation

The protein-ligand complexes obtained from docking were 
subjected to simulation using the Desmond module within 
the Schrodinger software. An orthorhombic box was con
structed using the system builder panel. For the simulation 
of the docked ligand-protein complex, a simple point charge 
model was employed as the water model. The molecular 
dynamics (MD) simulation was performed using the con
stant-temperature, constant-pressure ensemble (NPT) at 
310 K and 1.013 bar, representing atmospheric pressure, for a 
duration of 100 ns. The results of the molecular dynamics 
studies were thoroughly analyzed using the Simulation 
Interactions Diagram Report available in the Desmond soft
ware (Auti et al., 2022; Bowers et al., 2006; Chattaraj et al., 
2023; Nandi et al., 2023; Wang et al., 2019).

2.6. Induced fit docking (IFD)

The Induced Fit Docking (IFD) process was conducted on the 
most promising bioactive compounds with their respective 
receptors as follows: isozeylanone with PIK3CA [7JIU], isozey
lanone with EGFR [3W2S], zeylenone with PRKCA ((Gene: 
PRKACA) (AlphaFold)), methylnaphthazarin with VEGFA 
[1VPP], zeylenone with MMP-9 [5CUH], and isozeylanone 
with NOS2 [3E7G]. The Schr€odinger software 2017-2’s 
Induced Fit Docking panel was utilized for this purpose, and 
the protocol’s details were described in a previous study 
(Tutone et al., 2019). Between the standard and extended 
sampling protocols, the former was chosen, which produced 
up to twenty docked poses using automatic docking settings 
and utilized the OPLS3 force field for IFD calculations. The 
best poses generated from the initial Glide XP docking of 
bioactive compounds with their respective receptors were 
used as input structures for IFD. The centroid of the ligands 
was selected to generate the grid box, and no additional 
constraints were applied. A ring-conformational sampling of 
the ligands was performed within a 2.5 kcal/mol energy 

window. The initial Glide docking was carried out by setting 
both the receptor and ligand’s van der Waals scaling to 0.5. 
Subsequently, the amino acid residues within 5 Å of the lig
and were refined using the Prime module of Schr€odinger. 
Afterward, the Prime-refined receptor-ligand complexes 
within a 30 kcal/mol energy range were redocked using the 
Glide XP mode, while other parameters remained at their 
default values.

2.7. MM-GBSA calculation

The binding free energy was determined using the molecular 
mechanics-generalized Born surface area (MM-GBSA) method, 
which combines solvent accessibility, molecular mechanics, 
and the generalized Born model to avoid convolution in free 
energy simulations (Genheden & Ryde, 2015). The energy dif
ference between the bound and unbound states of the pro
tein-ligand complex was calculated using MM-GBSA. The 
binding free energies were computed using the following 
equation:

MM − GBSA DGBind ¼ GComplex– GReceptor þ GLigandð Þ:

Here the MM-GBSA calculation was done in Prime 
software [(Jacobson et al., 2004)9] by considering the VSGB 
solvation model with OPLS3 Force Field with minimized sam
pling method.

2.8. In silico physicochemical and ADME/T studies

Qikprop module of Schr€odinger suite 2017-2 (QikProp j
Schr€odinger, n.d.) and SwissADME (Daina et al., 2017) web
server was used to determine the physicochemical and 
ADME/T properties of the best three molecules which helps 
to determine the physicochemical significant descriptors and 
pharmacokinetically important properties of the molecules. 
For the toxicity prediction of the best three molecules, 
ProTox-II webserver (https://tox-new.charite.de/protox_II/ 
index.php?site=compound_search_similarity) was used.

3. Results and discussion

Hemorrhoids are the swollen and inflamed veins around the 
anoectal tissue which are assumed to be formed due to ero
sion of the protective connective tissue resulting in vasodila
tion and extravasation in the inflamed region. Because of the 
limited available therapeutic agents for treating hemorrhoids, 
the traditional system of medicines is the only available ther
apy that needs to be developed and explored. P. zeylanica is 
one of the medicinal plant mentioned in Ayurvedic System 
of Medicine as an antihemorrhoidal agent which consist of 
many phytoconstituents. In view of the traditional use of 
P. zeylanica in hemorrhoids, the present study determined 
the potential mechanisms for the antihemorrhoidal effects of 
P. zeylanica through network pharmacology approaches. 
Results indicated that many proteins related to the different 
biological processes and signalling pathways can be targeted 
by the bioactives of P. zeylanica to alleviate hemorrhoidal 
conditions.
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3.1. Identification of bioactive compounds and targets

A total of 37 bioactive phytoconstituents were obtained from 
the IMPPAT database through a keyword search for ‘Plumbago 
zeylanica’. Using the BindingDB (Supplementary Table S1) and 
SwissTargetPrediction (Supplementary Table S2) databases, a 
total of 781 targets for the various phytoconstituents of P. zey
lanica were identified. Additionally, 24, 579, and 1 hemorrhoid- 
related targets were predicted from three different databases: 
DisGeNET database (Supplementary Table S3), GeneCards 
(Supplementary Table S4), and OMIM (Supplementary Table 
S5), respectively. By removing repetitive gene symbols, a total 
of 597 unique hemorrhoid-related targets were obtained from 
these databases (Supplementary Table S7). The common tar
gets between the phytoconstituents and hemorrhoid-related 
targets were compiled in Supplementary Table S6. A total of 
58 common targets (Supplementary Table S8) were identified 
through the intersection of P. zeylanica-derived bioactive tar
gets and hemorrhoid targets (Figure 1A). Upon analyzing the 
common targets, it was confirmed that 32 phytoconstituents 
of P. zeylanica are involved in the treatment of hemorrhoids. 
Detailed information about these active ingredients is available 
in Supplementary Table S9.

3.2. Common targets and PPI network analysis

The active ingredients and common targets were introduced 
into Cytoscape 3.9.1 for constructing a network Figure 1B and 
Supplementary Figure 1 among them, where 32 bioactive 
compounds and 58 common targets, and their 341 edges 
were visible, with high confidence (0.70) and the PPI enrich
ment pvalue of < 1.0e-16. This constructed network indicated 
the occurrence of numerous and complex effects of the bio
active constituents of P. zeylanica phytoconstituents on hem
orrhoids. The proteins have a large number of interaction 
among each other as expected. Based on the gradation, the 
utmost common targets were mentioned in a column chart 

(Supplementary Table S10). Results revealed that the most 
prominent hemorrhoids-associated genes were CTNNB1, TNF, 
ALB, VEGFA, EGFR, ESR1, HIF1A, MMPs, ICAM1, KDR, KIT, IL2, 
PRKCA, SELE, HDAC1, LGALS3, PGR, FLT1, PIK3CA, NOS2 due 
to treatment of P. zeylanica (Supplementary Table S11). 
The results of the MCODE also suggests the significance of 
the above mentioned genes in the proteins (Supplementary 
Figure 2A and B). In the network (Figure 2A), the 32 phyto
constituents and all the 58 common targets were clearly 
revealed. In extent, we applied Cytohubba plug-in for the 
investigation of topological network of the top 20 nodes of 
the common genes (Figure 2B). This enrichment analysis indi
cates that the proteins are at least partially biologically con
nected, as a group. We selected the nodes with more than 
twice the median edge count of all nodes to construct the 
hub PPI.

3.3. GO and KEGG enrichment analyses

The results of the GO analysis revealed that P. zeylanica bioac
tives primarily target the response to inflammation by pro
moting increased proliferation and infiltration of inflammatory 
cells and apoptosis. In GO enrichment study, the results 
revealed the multidimensional and complex effect of P. zeylan
ica and discovered various biological processes which are 
related to hemorrhoids, such as cell migration, regulation of 
cell population proliferation, cell motility, and regulation of 
programmed cell death terms.

In the KEGG pathway enrichment analysis, a total of 151 
signaling pathways were found to be mainly involved in the 
interactions of P. zeylanica bioactive constituents in amelio
rating hemorrhoids. Out of them, the top 20 pathways were 
depicted in Supplementary Figures S3–S8, sorted by the 
number of genes involved in the expressed pathways. The 
main pathways that were expressed included pathways in 
cancer, relaxin signaling pathways, focal adhesion, Rap1 

Figure 1. Screening of P. zeylanica-hemorrhoids common targets and PPI analysis. (A) Venn diagram of P. zeylanica-hemorrhoids common targets. (B) PPI network 
of common targets originated from STRING.
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signaling pathway, and calcium signaling pathway, all of 
which are closely associated with angiogenesis and extrava
sation processes, characteristic features of hemorrhoids. 
Through this study, significant key targets of P. zeylanica bio
actives responsible for the pathogenesis of hemorrhoids 
were identified by selecting the top 10 signaling pathways 
(Table 1) based on the number of genes involved. 
Furthermore, the common target genes involved in amelio
rating hemorrhoids through various phytoconstituents of P. 

zeylanica were found to be VEGFA, EGFR, MMP-9, PIK3CA, 
and PRKCA, which are also known to play crucial roles in the 
pathogenesis of hemorrhoids.

The results of the PPI network and GO analysis showed 
that the P. zeylanica-hemorrhoids common targets were 
mainly the key proteins involving the pathways: inflamma
tion (ALB), cell adhesion (CTNNB1, SELE, LGALS3, and ICAM1), 
cytokines (TNF, IL-2), angiogenesis (VEGFA, EGFR, HIF1A, 
PRKCA, PIK3CA, KDR, FLT1, MMPs), vasodilation (NOS2), 

Figure 2. Active ingredient-hemorrhoids target network. (A) The active ingredients of P. zeylanica (32 phytoconstituents) and the common targets (58 targets). (B) 
The top 20 nodes visualised in Cytoscape calculated by Cytohubba.
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estrogen release (ESR1, PGR), and cell proliferation (KIT, 
HDAC1). In hemorrhoids, an inflammatory response due to 
the anorectal tissue damage and the blood vessel endothe
lial cells distortion cause the formation of ulcers in the rectal 
mucosa and thrombosis (Lohsiriwat, 2012) and reduces the 
level of albumin. It also causes the migration of various 
inflammatory cells like T-lymphocytes, macrophages and neu
trophils, etc. which secretes various anti-inflammatory cyto
kines and chemokines (Porwal et al., 2021; Shrivastava et al., 
2018) which sticks in the inflammatory region through cell 
adhesion molecules (CTNNB1, SELE, LGALS3, and ICAM1). IL- 
1b, IL-2, IL-6, VEGF and TNF-a are known to be important 
inflammatory markers during the progression of inflamma
tion (Gulati et al., 2016; Wojdasiewicz et al., 2014) such as in 
hemorrhoids. In the present study, the results showed that 
the various cytokines were the target proteins of P. zeylanica. 
Previous studies revealed that the bioactives of P. zeylanica 
caused the inhibition of the migration of T cells in the 
affected area by arresting the cell cycle which resulted in 
decreased secretions of various cytokines (Checker et al., 
2009) which supports the current findings. The vasculariza
tion around the hemorrhoidal tissue usually profoundly 
increase indicating the aggravation of angiogenesis around 
the hemorrhoidal tissue which cause the increase in the con
centrations of growth factors like VEGF or Fms Related 
Receptor Tyrosine Kinase 1 (FLT1) and endothelial growth 
factor through their receptors (EGFR), Hypoxia induced factor 
(HIF1A), Kinase Insert Domain Receptor (KDR) (Chung et al., 
2004; Han et al., 2005). The signalling pathways mediated by 
these growth factors are prominently involved in the devel
opment of haemorrhoids (Liu et al., 2021; Van Cruijsen et al., 
2005). Due to the anorectal tissue damage in hemorrhoids, 
an important enzyme i.e. matrix metalloproteinase causes 
the degradation and erosion of the upper protective con
nective tissue like elastin. The most potent matrix metallo
proteinase responsible for the occurrence of hemorrhoids is 
MMP-9 which damages the elastic fibres (Han et al., 2005) 
and enhance the angiogenesis process. Protein kinase C 
alpha (PRKCA) is also known to promote angiogenic activity 
of human endothelial cells via induction of VEGF (H. Xu 
et al., 2008). Protein kinase C (PIK3CA AND KIT gene) 
(Kobialka et al., 2022) and Histone deacetylase 1 (HDAC1) 
also activates the mutation in endothelial cells which triggers 
a transcriptome rewiring that leads to enhanced cell prolifer
ation and produce vascular malformations. Previous studies 
revealed that the bioactives of P. zeylanica inhibited the 

anti-angiogenic factors in experimental studies (Hafeez et al., 
2013) which supports the current findings and highlights the 
anti-angiogenic role of P. zeylanica which may be responsible 
for the amelioration of hemorrhoids. The distortion of blood 
vessels cause the formation of endothelial derived relaxin 
factors like NO which is catalysed by NO synthase (NOS2) 
resulting in vasodilation and extravasation, a characteristics 
feature in hemorrhoids. The present study revealed that the 
phytoconstituents of P. zeylanica have a prominent role in 
regulating NOS2 which suggests the preventive role of the 
plant in extravasation and edema in hemorrhoids. Previous 
reports suggest estrogen and progesterone are responsible 
for formation of edema through the estrogen receptors 
(ESR1), progesterone receptors (PGR) in the anorectal region 
causing the severity of hemorrhoids which is reversed by 
anti-estrogenic drugs (Meng et al., 2022). The present study 
revealed that the phytoconstituents have regulated ESR1 and 
PGR reflecting the anti-estrogenic property of this phytocon
stituents that may attenuate hemorrhoidal symptoms. The 
previous experimental results showed that P. zeylanica 
extracts have the anti-estrogenic property which supports 
our current findings (Sandeep et al., 2011). The results 
showed that the PRKCA, PIK3CA, MMP-9 and VEGFA and 
EGFR were the target proteins of P. zeylanica. Based on the 
findings of network pharmacology the hypothetical mecha
nisms of the bioactive phytoconstituents of P. zeylanica in 
amelioration of hemorrhoids is depicted in Figure 3.

3.4. Molecular docking validation

Based on the results of KEGG enrichment analysis, we exam
ined the involvement of various expressed pathways in the 
occurrence of hemorrhoids. These pathways include pathways 
in cancer (associated with angiogenesis in tumors/cancer), 
relaxin signaling pathways (related to vasodilation and extrava
sation), focal adhesion (implicated in cytokine migration 
through adhesion molecules), Rap1 signaling pathway (playing 
a role in signal transduction), and calcium signaling pathway 
(having a role in signal transduction and vasoconstriction). 
Furthermore, we investigated several genes that may be 
highly relevant to the incidence of hemorrhoids. These genes, 
including PIK3CA (nine times), EGFR (eight times), VEGFA 
(seven times), MMP-9 (six times), PRKCA (eight times), and 
NOS2 (three times), were enriched in the top ten pathways in 
the KEGG enrichment analysis. PPI analysis indicated that these 
pathways are crucial targets for hemorrhoids. To validate the 

Table 1. Targets genes involved in the top 10 signaling pathways.

Pathway Target genes

Pathways in cancer NOS2, MMP2, ESR1, HIF1A, MMP9, IL2, VEGFA, HDAC1, PIK3CA, RARA, EDNRB, EGFR, EDNRA, PRKCA, KIT, BRAF, 
SHH, CTNNB1, BCL2, CTB2, F2, MMP1

Proteoglycans in cancer MMP2, ESR1, HIF1A, MMP9, VEGFA, PIK3CA, KDR, EGFR, PRKCA, BRAF, SHH, CTNNB1, TNF
Lipid and atherosclerosis SELE, ICAM1, MMP9, HSPA8, PIK3CA, CYP1A1, MMP3, PRKCA, BCL2, SELP, MMP1, TNF
Estrogen signalling pathway PGR, MMP2, ESR1, FKBP5, MMP9, HSPA8, PIK3CA, RARA, EGFR, BCL2
Relaxin signalling pathway NOS2, MMP2, NOS1, MMP9, VEGFA, PIK3CA, EDNRB, EGFR, PRKCA, MMP1
Focal adhesion FLT1, VEGFA, ITGB6, PIK3CA, KDR, EGFR, PRKCA, BRAF, CTNNB1, BCL2
Fluid shear stress and atherosclerosis SELE, MMP2, ICAM1, MMP9, VEGFA, PIK3CA, KDR, CTNNB1, BCL2, TNF
Calcium signalling pathway NOS2, NOS1, FLT1, VEGFA, KDR, EDNRB, EGFR, EDNRA, PRKCA, ADRAID
Coronavirus disease IL2, PIK3CA, EGFR, MMP3, PRKCA, SELP, F2, MMP1, TNF
Rapl signalling pathway FLT1, VEGFA, PIK3CA, KDR, EGFR, PRKCA, KIT, BRAF, CTNNB1
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network pharmacology results, we performed molecular dock
ing on the active ingredients and these six key targets. 
Molecular docking is a widely used method to explore 
molecular interactions between protein targets and small 
molecules. Scientists commonly use this approach to identify 
the active sites and binding residue details. The Glide XP 
docking scores and the amino acid residues responsible for 
the interactions are listed in (Supplementary Table S12 and 
Supplementary Table S13, respectively). Based on the docking 
scores, we analyzed the 3D and 2D interaction diagrams of 
the top three compounds to understand their proposed activ
ity (Figure 4; Supplementary Figures S9–S11). Docking studies 
has been done in duplicate for the data reliability. Negative 
binding energy indicates the effective binding to the target. 
Lower binding energy suggested stable ligand-receptor com
plex better explained as <-5 kcal/mol called as good binding 
activity and <-7 kcal/mol called as strong binding activity.

The top three compounds based on GlideSccore against the 
PIK3CA (PDB ID: 7JIU) were found to be isozeylanone 
(-10.467 Kcal/mol), 2-(1-hydroxy-1-methyl-ethyl)-9-methoxy-1,8- 
dioxa-dicyclopenta-b-g-Naphthalene-4,10-dione (-10.307 Kcal/ 
mol), and 3-chlorplumbagin (-9.135 Kcal/mol). All the com
pounds have the optimum interactions with the active site 
(Methot et al., 2020). The result indicated Val 851 is the most 
common amino acid responsible for the H- bond formation 
whereas Met 772, Trp 780, Ile 800, Tyr 836, Ile 848, Val 850, Val 
851, Met 922, and Ile 932 were the binding residue responsible 
for strong hydrophobic interactions in the binding pocket. 
However, Ser 854 was able to form Polar interaction in all the 
cases (Supplementary Figure S9A, Supplementary Figure S12A).

In the active site (Sogabe et al., 2013) of EGFR (PDB ID: 
3W2S) the top three compounds based on GlideScore were 
found to be isozeylanone (-11.511 Kcal/mol), chitranone 
(-10.200 Kcal/mol), and zeylenone (-8.353 Kcal/mol). The 
amino acid Met 793, Thr 854, and Thr 790 were accountable 
for H-bond formation and Polar interaction respectively. Leu 
777 and Leu 788 were the most common amino acids 

behind the hydrophobic interactions ((Supplementary Figures 
S9B and S12B).

However, in PRKCA (Gene: PRKACA) (AlphaFold)), zeyle
none (-7.905 Kcal/mol), suberosin (-6.941 Kcal/mol), and 4- 
Hydroxybenzaldehyde (-6.264 Kcal/mol) were found to be 
more potent. Leu 50, Val 58, Ala 71, Val 105, Met 121, Tyr 
123, Val 124, Leu 174, and Phe 328 were the most common 
amino acids responsible for the hydrophobic interactions 
and Thr 184 was for polar interaction (Supplementary 
Figures S10A and S12C) present in the binding site (SiteMap- 
predicted, Schr€odinger Inc.).

In VEGFA (PDB ID: 1VPP), methylnaphthazarin (-5.193 Kcal/ 
mol), plumbagic acid (-4.821 Kcal/mol), and maritinone 
(-4.491 Kcal/mol) were the top three compounds based on 
molecular docking results. Arg 82, Tyr 45, and His 90 were the 
common amino acids present in the binding site (SiteMap-pre
dicted, Schr€odinger Inc.) which were responsible for the 
H-bond formation, hydrophobic interactions, and polar inter
action, respectively (Supplementary Figures S10B and S12D).

In the active site (Camodeca et al., 2016) of MMP9 (PDB ID: 
5CUH), zeylenone (-8.670 Kcal/mol), isozeylanone (-7.801 Kcal/ 
mol), and 2-(1-hydroxy-1-methyl-ethyl)-9-methoxy-1,8-dioxa- 
dicyclopenta-b-g-Naphthalene-4,10-dione (-7.388 Kcal/mol) have 
the common H-bond interactions with the Met 247. 
Whereas the Leu 222, Val 223, Ala 242, Leu 243, Tyr 245, 
Pro 246, Met 247, Tyr 248, and Pro 255 were the responsible 
amino acids that helped in the hydrophobic interactions while 
His 226, Hie 236, and Thr 251 were responsible for the polar 
interactions in the binding pocket (Supplementary Figures 
S11A and S12E).

In the active site (Garcin et al., 2008) of NOS2 (PDB ID: 
3E7G) Trp 194, Ala 197, Val 352, Phe 369, Trp 463, Tyr 489, 
and Tyr 491 were the amino acids that are responsible for 
the hydrophobic interactions. On the other hand Asn 
370 was the common amino acids for polar interactions 
(Supplementary Figures S11B and S12F).

Except the VEGFA all the GlideScore of the top three com
pounds against the other five proteins were in the range of 

Figure 3. Schematic diagram of important pathways and key targets of P. zeylanica in the treatment of hemorrhoids. The proteins labelled with small green circle 
are target proteins of P. zeylanica. Some intermediate pathway-related molecules are omitted.
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−11.511 to −6.264 kcal/mol. The top three active ingredients 
for the above-mentioned proteins were evinced to have a 
strong binding interaction with their respective proteins. It 
involves unforeseeable bias from the materiality, which could 
expedite to anonymous fallacy in in-vitro or in-vivo studies. 
However, this molecular docking outcomes throwback plaus
ible treatment mechanisms and it may direct the animal 
affirmation experiment.

Previous literature suggests that zeylenone has shown 
promising effect in mitigating inflammation and combating 
cancer. In a study by Yang et al. (Yang et al., 2021), it was 
shown to enhance the effects of cisplatin in osteosarcoma, 
leading to increased DNA damage, apoptosis, and necrosis 
through the Hsp90/AKT/GSK3b and Fanconi anaemia path
way. Additionally, in ovarian carcinoma cells, Xu et al. (X. Xu 
et al., 2018) discovered that zeylenone inhibits proliferation 
and induces apoptosis via the Janus kinase 2/signal trans
ducers and activators of transcription 3 pathways. Moreover, 
zeylenone exhibits antitumor effects in gastric cancer by 
inducing mitochondrial apoptosis and suppressing migration 
and invasion (Sun et al., 2021; Yang et al., 2018). It has also 

demonstrated the ability to inhibit proliferation and induce 
apoptosis in cervical carcinoma cells through the PI3K/AKT/ 
mTOR and MAPK/ERK pathways (L. Zhang et al., 2017). 
Furthermore, zeylenone has been explored for its potential 
therapeutic effects in prostate cancer. Zeng et al. (Zeng 
et al., 2018) showed that zeylenone hinders the progression 
of human prostate cancer by downregulating the Wnt/b-cat
enin pathway. Isolated from Uvaria grandiflora, zeylenone 
displays a wide range of promising biological activities, 
including fungicidal, anticancer, and anti-inflammatory effects 
(Cheng et al., 2023). Treatment with zeylenone led to a 
decrease in the mRNA expression of pro-inflammatory factors 
IFN-c, iNOS, IL-6, and TNF-a by downregulating the NF-jB 
signaling pathway. Hence, the reported anti-inflammatory 
role of zeylenone supports our current findings.

3.5. Molecular dynamics

In computer aided drug designing the molecular dynamics 
simulations of the protein-ligand complexes are considered 

Figure 4. Molecular docking results (superimposition of the best active ingredients) of key targets i.e PIK3CA (a), EGFR (B), PRKCA (C), VEGFA (D), MMP9 (E), and 
NOS2 (F) and specific active ingredients of P. zeylanica.
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as the most mature technique in terms of the evaluation of 
the macromolecular structure to-function correlation. In this 
current study the impartial molecular dynamics study was 
performed to demystify the firmness of the ingredients of P. 
zeylanica against the six proteins akin to the hemorrhoids. 
With the generation of 100 ns MD simulations the root mean 
square deviation (RMSD), the root mean square fluctuation 
(RMSF), protein-ligand contacts were generated and carefully 
analysed their significance in the solidity of the protein- 
ligand complexes. Molecular dynamics studies have been 
done in duplicate for the data reliability.

3.5.1. Stability analysis
For the evaluation of dynamic stability of the protein-ligand 
complexes the RMSD was selected as a criterion. We decided 
to analyse the best docking pose of the top dock scoring 
active ingredients of each of six proteins in terms of binding 
interactions. All the queried protein frames were aligned 
against the reference frame to check the median replace
ment of atoms, in this cases Ca. In the case of small, globular 
proteins the replacement of <3 Å in RMSD evolution (left Y- 
axis) is acceptable. Ligand RMSD clearly stipulate the stability 
of the ligand concerning the protein and its binding site. 
Here the ’Lig fit Prot’ revealed that the RMSD of a ligand 
when the protein-ligand complex was aligned first time on 
the mainstay of the reference protein and the RMSD of the 
heavy atoms were estimated. Nevertheless, the greater 
replacement stipulate higher conformational change during 
the simulation. The PIK3CA protein system outstretched to 
equilibrium briskly and swing around the average value of 
1.5 Å, the lower average value of ligand RMSD¼ 0.5 Å which 
indicates brawny solidity of the isozeylanone in the binding 
site of PIK3CA after the �15ns. Probably this solidity is due 
to the presence of four aromatic ring, two hydroxyl group as 
well as four keto group (Figure 5A1). For the EGFR- isozeyla
none complex, the RMSD values of protein’s Ca atoms and 
the ligand are reported in (Figure 5B1). The EGFR- isozeyla
none complex, after 8-18 ns the RMSD value of 1-1.6 Å, 
reached the equilibrium sustaining the oscillation of <1.0 Å. 
Both the protein and ligand were in a stable mode during 
the 100 ns simulations which indicates of a good binding 
interactions and also satisfy the best Glide Score of 
−11.511 Kcal/mol. The behaviour of the PRKCA-zeylenone 
was quite stable if compared to the previous one. The sys
tem reached equilibrium swiftly from the 0 ns and sustained 
stable oscillation along with the rest of the simulation period 
with an average RMSD of <1.0 Å. This value was interesting 
considering the Glide Score of −7.905 Kcal/mol and demon
strating good stability of zeylenone in the binding site of 
PRKCA (Figure 5C1). For the complex of VEGFA-methylnaph
thazarin the stability was not sustained and there was fluctu
ations throughout the 100 ns. But the protein RMSD as well 
as ligand RMSD for this complex was < 3 Å if some certain 
peaks were ignored (Figure 5D1). Here in case of MMP9 the 
zeylenone molecule is showing good stability in the binding 
pocket of the protein. The system was in highly stable equi
librium except the 7-12ns of the total simulation time. The 
MMP9-zeylenone complex RMSD were reported to be an 

average of 1 Å. Probably the absence of rotatable bond 
in the structure decrease the flexibility of the complex 
(Figure 5E1). The NOS2- isozeylanone complex is quite stable 
with a fluctuations of <3 Å (Figure 5F1).

3.5.2. Residue mobility analysis
The Root Mean Square Fluctuation (RMSF) typically repre
sents the tails of the amino acids i.e. N and C- terminal 
which are able to fluctuate additionally than rest of the pro
tein part. Alpha helices and beta strands are highly firm com
pared to its unstructured protein part. The residue wise 
fluctuations of the ligand-protein complexes are determined 
for the entire 100 ns simulation time. In case of PIK3CA- 
Isozeylanone complexes the Arg 770-Met 922 amino acids 
region has the RMSF < 1.8 Å, which indicates the binding of 
the isozeylanone in the PIK3CA binding pocket is moderately 
influenced the protein (Supplementary Figure S13A1). 
EGFR-isozeylanone complex has the RMSF value of <3.5 Å in 
the Leu 718- Leu 1001 amino acid region (Supplementary 
Figure S13A2). The behaviour of the Leu 52- Phe 328 amino 
acids region of the PRKCA is slightly influenced with the 
RMSF <0.8 Å after the binding with zeylenone to its binding 
site (Supplementary Figure S13A3). Additionally RMSF <2 Å 
was observed for the Tyr 45-His 90 region of the VEGFA 
protein which indicates moderate influence of methylnaph
thazarin in the binding pocket of VEGFA (Supplementary 
Figure S134). The MMP9- zeylenone complexes shows some 
acceptable RMSF (Supplementary Figure S13A5). Unlike the 
previous the Trp 194-Tyr 491 region of the NOS2 protein has 
the RMSF value of <3.2 Å with higher fluctuations after bind
ing with isozeylanone (Supplementary Figure S13A6).

3.5.3. Protein-ligands contact analysis
Approximation of protein interactions provide a better pic
ture of protein-ligand interaction and it is monitored 
throughout the 100 ns of the simulations. This protein-ligand 
interactions are categorized into four types: H-bonds, hydro
phobic, Ionic, and water bridges & the subtypes can be 
visualised through the ’Simulation Interactions Diagram’ 
panel. The 0.4 value of the Y-axis of the stacked bar plot sug
gests that 40% of the simulation time the specific interaction 
is maintained.

Trp 780 (interaction fraction of 0.8; hydrophobic interac
tions), Val 851 (interaction fraction of 0.6; H-bond, interaction 
fraction of 1.5 water bridge), Ser 854 (interaction fraction of 
0.25; H-bond, interaction fraction of 0.35 water bridge), and 
Ile 932 (interaction fraction of 0.4; hydrophobic interactions, 
interaction fraction of 0.1 water bridge), were the amino 
acids responsible for more protein-ligand contacts (proved 
by the intense orange colour of the protein-ligand contact). 
Ser 854 is responsible for the polar interaction. The visualiza
tion of ligand protein contact also revealed the possibility of 
intramolecular H-bond formation with the possibility of 
>49% (Figure 5A2, Supplementary Figure S13B1 and S13C1).

Lys 745 and Met 793 were the two amino acids for pro
tein-ligand contacts of the EGFR- isozeylanone complex. Met 
793 was able to form the hydrophobic bond as well as the 

JOURNAL OF BIOMOLECULAR STRUCTURE AND DYNAMICS 9

https://doi.org/10.1080/07391102.2023.2280681
https://doi.org/10.1080/07391102.2023.2280681
https://doi.org/10.1080/07391102.2023.2280681
https://doi.org/10.1080/07391102.2023.2280681
https://doi.org/10.1080/07391102.2023.2280681
https://doi.org/10.1080/07391102.2023.2280681
https://doi.org/10.1080/07391102.2023.2280681
https://doi.org/10.1080/07391102.2023.2280681
https://doi.org/10.1080/07391102.2023.2280681


H-bond for 91% of the simulation time in the selected trajec
tory with the keto group. Ala 743 and Lys 745 were another 
two amino acids responsible for the H-bond and hydropho
bic interaction formation with the interaction fraction of 0.4 
and 0.9 respectively (Figure 5B2, Supplementary Figure 
S13B2 and S13C2).

In case of the VEGFA- methylnaphthazarin, most impor
tant amino acid was Gln 79 with an interaction fraction of 

0.3. This amino acid was highly responsible for the H-bond 
formation and other interactions (proved by the intense 
orange color of the protein-ligand contact). Pro 49, Met 78, 
Met 81, and Ile 91 were responsible for the strong hydropho
bic interactions (Figure 5C2, Supplementary Figure S13B3 
and S13C3).

The visualization of ligand protein contact also reveals the 
possibility of intramolecular H-bond formation with the 

Figure 5. Molecular dynamics results of key target-ligands. 2D representation and Protein-Ligands contact analysis of PIK3CA-isozeylanone (A1, A2), EGFR- 
isozeylanone (B1, B2), PRKCA-zeylenone (C1, C2), VEGFA-methylnaphthazarin (D1, D2), MMP9-zeylenone (E1, E2), NOS2-isozeylanone (F1, F2) complexes.
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possibility of >67%. Additionally PRKCA-zeylenone com
plexes are stabilised Lys 73 (interaction fraction of 0.77; 
hydrophobic interactions, interaction fraction of 0.96; water 
bridge formation), Glu 128 (interaction fraction of 0.6; water 
bridge formation), Glu 171 (interaction fraction of 0.4; H- 
bond), and Thr 184 (interaction fraction of 0.6; water 
bridges). Leu 50, Phe 55, Val 58, Ala 71, Leu 75, and Leu 174 
were responsible for the hydrophobic interactions. Phe 55 
was responsible for pi-pi stacking with 50% of the simulation 
time in the selected trajectory (0-100ns) (Figure 5D2, 
Supplementary Figure S113B4 and S13C4).

His 236 (interaction fraction of 0.35; hydrophobic interac
tions), Met 247 (interaction fraction of 0.65; H-bond), and Tyr 
248 (interaction fraction of 0.35; hydrophobic interactions) 
were the amino acids which forms stability in the MMP9- zey
lenone complex, which is visualised through the Protein- 
Ligand Contacts. His 190, His 226, His 230, and His 236 were 
the polar interaction forming amino acids. Tyr 248 was respon
sible for the Pi-Pi stacking also (Figure 5E2, Supplementary 
Figure S13B5 and S13C5).

Trp 194, Gln 205, Phe 369, and Trp 372 were the utmost 
amino acids which are responsible for the stability of the 
NOS2-Isozeylanone complex. Trp 194, Phe 369, and Trp 372 
were able to form the stable hydrophobic interactions with 
the interaction fraction of �1.0. Gln 205 was the amino acid 
for the H-bond and water bridge formation with interaction 
fraction of 0.5 and 1.0. The ligand-protein contacts were 
reported with more than 25.0% of the simulation time in the 
selected trajectory (Figure 5F2, Supplementary Figure S13B6 
and S13C6).

3.6. Induced fit docking (IFD)

IFD can be defined as a computational method for the pur
pose of investigating the conformational and structural 
changes induced by the receptor-ligand binding, where the 
receptor is made flexible around the ligand-binding site and 
the ligand remains rigid.

After performing the IFD of PIK3CA with isozeylanone, the 
Glidescore had been improved to −10.866 kcal/mol from 
−10.467 kcal/mol (Glidescore generated by normal XP-mode 
Glide docking). The IFDScore was found to be −1930.059. 
The number of H-bonds had been increased from three (in 
the normal XP-mode Glide docking) to four (in IFD-generated 
pose). These residues were Asp 810, Tyr 836, and Val 851. 
Also, the number of polar interacting residues got increased 
from four to five, among which the common polar inter
action-forming residues were Ser 854, Hie 855, and Thr 856; 
and the newly formed polar interaction-forming residues 
were Ser 774 and Gln 859 in the IFD-generated docked pose. 
Both of the poses were fitted well into the hydrophobic 
binding pocket formed by the common amino acid residues, 
viz, Met 772, Trp 780, Ile 800, Tyr 836, Ile 848, Val 850, Val 
851, Met 922, and Ile 932. Overall, both docked structures 
overlapped moderately into the ligand-binding site of 
PIK3CA (Supplementary Figure Fig. S14A).

The IFD of EGFR with isozeylanone resulted in the improve
ment of Glidescore from −11.511 kcal/mol (Glidescore 

generated by normal XP-mode Glide docking) to −11.533 kcal/ 
mol, and the IFDScore was found to be −660.741. The num
ber of H-bond forming residues was remained same (three) as 
it was in the normal XP-mode Glide docking, and these resi
dues were Met 793 and Thr 854. Additionally, there were one 
pi-cation interaction with the residue Lys 745 that was previ
ously not there in the normal XP-mode docked pose. Also, 
both of the poses shared common polar interacting residues, 
viz, Thr 790, Gln 791, and Thr 854. Likewise, both of the poses 
were fitted well into the hydrophobic binding pocket formed 
by the common amino acid residues, viz, Leu 718, Val 726, 
Ala 743, Ile 744, Leu 777, Leu 788, Ile 789, Leu 792, Met 793, 
Pro 794, Leu 844, Phe 997, and Leu 1001. Additionally, the 
IFD-generted pose gained one more hydrophobic contact 
with the residue Cys 775 that was previously not present in 
the normal XP-mode docked pose. Overall, both docked struc
tures overlapped well into the ligand-binding site of EGFR 
(Supplementary Figure Fig. S14B).

The IFD of PRKCA with zeylenone resulted in the improve
ment of Glidescore from −7.905 kcal/mol (Glidescore gener
ated by normal XP-mode Glide docking) to −8.935 kcal/mol, 
and the IFDScore was found to be −763.171. However, the 
number of H-bonds had been decreased from three (in the 
normal XP-mode Glide docking) to two (in IFD-generated 
pose), and the residue was Glu 128. The number of polar 
interaction-forming residues was remained same (three) as it 
was in the XP-mode Glide docking, and these common resi
dues were Thr 52, Asn 172, and Thr 184. Both of the poses 
were fitted well into the hydrophobic binding pocket formed 
by the common amino acid residues, viz, Leu 50, Val 58, Ala 
71, Ile 74, Leu 75, Val 105, Met 121, Tyr 123, Val 124, Leu 
174, and Phe 328. Additionally, the newly formed hydropho
bic interacting residue was Tyr 331. Overall, both docked 
structures overlapped pretty well into the sitemap-pre
dicted ligand-binding site of PRKCA (Supplementary Figure 
Fig. S14C).

The IFD of VEGFA with methylnaphthazarin resulted in the 
improvement of Glidescore from −5.193 kcal/mol (Glidescore 
generated by normal XP-mode Glide docking) to −6.006 kcal/ 
mol, and the IFDScore was found to be −201.462. The num
ber of H-bond forming residues was remained same (three) 
as it was in the normal XP-mode Glide docking, and these 
residues were Arg 82 and Gln 87. However, it was found that 
there were two additional types of interactions, i.e., pi-pi 
stacking and pi-cation interactions, that was not present in 
the normal XP-mode docked pose. The bioactive, 
Methylnaphthazarin formed pi-pi stacking interaction with His 
90, and formed pi-cation interaction with Lys 84. The polar- 
interaction and hydrophobic binding pocket-containing resi
dues were also found to be the same as they were in case of 
normal XP-mode docked pose. Overall, both docked struc
tures overlapped very well into the sitemap-predicted ligand- 
binding site of VEGFA (Supplementary Figure Fig. S14D).

After performing the IFD of MMP-9 with zeylenone, 
the Glidescore was improved to −10.367 kcal/mol from 
−8.670 kcal/mol (Glidescore generated by normal XP-mode 
Glide docking). The IFDScore was found to be −338.720. The 
number of H-bonds had been increased from three (in case 
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of normal XP-mode Glide docking) to four (in case of IFD). 
The H-bond interacting residues were Ala 189, Ala 191, and 
Gln 227. The common polar interactions found between the 
normal XP-Glide docked pose and IFD-docked pose of 
Zeylenone with MMP-9 were His 226 and Hie 236. Likewise, 
both poses were fitted well into the hydrophobic binding 
pocket formed by the common amino acid residues, viz, Leu 
188, Leu 222, Val 223, Ala 242, Leu 243, Tyr 245, Pro 246, 
Met 247, and Tyr 248. Overall, both docked structures over
lapped moderately into the ligand-binding site of MMP-9 
(Supplementary Figure Fig. S14E).

After performing the IFD of NOS2 with isozeylanone, the 
Glidescore had been improved to −8.926 kcal/mol from 
−8.336 kcal/mol (Glidescore generated by normal XP-mode 
Glide docking). The IFDScore was found to be −894.647. The 
number of H-bonds and pi-pi interactions had been 
increased from two (in case of normal XP-mode Glide dock
ing) to four (in case of IFD), and from one (in case of normal 
XP-mode Glide docking) to three (in case of IFD). The new 
H-bond forming residues in the IFD-generated docked pose 
were found to be Cys 200 and Tyr 491. Similarly, the new 
pi-pi stacking interaction forming residues in the IFD-gener
ated docked pose were found to be Phe 369 and Trp 463. 
However, the number of polar interactions had been 
decreased from three (in case of normal XP-mode Glide 
docking) to two (in case of IFD-generated pose). However, 
the common polar interactions found between the normal 
XP-Glide docked pose and IFD-docked pose of Isozeylanone 
with NOS2 were Ser 242 and Asn 370. Both of the poses 
were fitted well into the hydrophobic binding pocket formed 
by the common amino acid residues, viz, Trp 194, Ala 197, 
Cys 200, Leu 209, Val 352, Met 355, Phe 369, Trp 463, Tyr 
489, and Tyr 491. Additionally, the IFD-generated docked 
pose of Isozeylanone formed one more hydrophobic inter
action with Ile 244 that was previously not there in the 
XP-mode Glide docked pose. Overall, both docked structures 
overlapped moderately into the ligand-binding site of NOS2 
(Supplementary Figure Fig. S14F).

All the IFD score of the above discussed ligand receptor 
complexes were plotted in a bar plot (Supplementary Figure 
Fig. S14G).

3.7. MM-GBSA calculation

To predict the binding free energies, and to investigate the 
biophysical basis of molecular recognition of the top three 
protein-ligand docked complexes against each target, 
MM-GBSA approach was employed, that provided an account 
on several individual parameters such as DGBind, DGCoul, 
DGHbond, DGLipo, DGSolv, and DGvdW (Supplementary Table 
S14 & Figure S15). MM-GBSA studies have been done in 
duplicate for the data reliability. It could be seen from the 
table that for the targets MMP-9 and PRKCA, the net binding 
free energies followed the same pattern as shown in the XP 
Glidescores, i.e., the lowest binding energy containing phyto
constituent also showed the lowest net binding free energy, 
and so on. However, for the rest four targets, the case 
slightly changed. While for the targets NOS2 and PIK3CA, the 

second lowest Glidescore-containing phytoconstituents 
exhibited the lowest net binding free energies, for the tar
gets VEGFA and EGFR, the third lowest Glidescore-containing 
phytoconstituents exhibited the lowest net binding free 
energies. It could be seen from the DGvdW value (data in sup
porting information) that it contributed significantly towards 
the net binding free energy (DGBind, data in supporting infor
mation) of the complexes.

3.8. In silico physicochemical and ADME/T studies

The bioactive phytoconstituents having lowest binding 
energy with all six target proteins were found to be isozeyla
none, 2-(1-hydroxy-1-methyl-ethyl)-9-methoxy-1,8-dioxa-dicy
clopenta-b-g-Naphthalene-4,10-dione, and zeylenone, whose 
in silico ADME/T properties were predicted using the 
QikProp program of Schr€odinger 2017-2 and the SwissADME 
online server, and are tabulated in the Supplementary Table 
S14. All of the QikProp-predicted properties were found to 
be in the acceptable range. The molecular weights, percent 
human oral absorptions, surface area, and volumes of each 
bioactives were found to be in the acceptable range. These 
phytoconstituents possessed the Log P, polarizability, and 
surface area within the acceptable range, too.

From the SwissADME-predicted properties, it could be 
shown from the egg-boiled diagram that all three bioactives 
(Supplementary Figure S16) were not found to be CNS-active. 
However, any of them were not predicted as P-glycoprotein 
(PGP)-substrate. Eventually, all of them exhibited no violation 
of Lipinski’s, Ghose’s, Veber’s, Egan’s, and Muegge’s (Bayer) 
rules. Moreover, the top two phytoconstituents, i.e., 
Isozeylanone and 2-(1-hydroxy-1-methyl-ethyl)-9-methoxy-1,8- 
dioxa-dicyclopenta-b-g-Naphthalene-4,10-dione were found to 
be the inhibitor of three of Cytochrome P450 (CYP1A2, 
CYP2C6, and CYP3A4) enzymes. Whereas Zeylenone was 
found as a non-inhibitor of all subtype of CYP enzymes. All- 
in-all, these phytoconstituents can be processed for further 
studies due to their drug-likeness and considerable pharma
cokinetic property.

From ProTox-II-predicted data, it was found that both iso
zeylanone and 2-(1-hydroxy-1-methyl-ethyl)-9-methoxy-1,8- 
dioxa-dicyclopenta-b-g-Naphthalene-4,10-dione fell in the 
‘Toxicity class IV (harmful if swallowed [300< LD50� 2000])’, 
while zeylenone fell in the ‘Toxicity class II (fatal if swallowed 
[5< LD50� 50])’. The predicted LD50 for the three phytocon
stituents were found to be 1000, 450, and 34 mg/kg, respect
ively (Supplementary Figure Fig. S17).

4. Conclusion

Results of the network pharmacology analysis revealed that 
the potential mechanisms of treatment of hemorrhoids are 
related to the processes including cell migration, regulation 
of cell population proliferation, cell motility, and apoptosis 
and those biological actions are synchronized by the cancer, 
relaxin signalling pathways, focal adhesion, Rap1 signalling 
pathway and calcium signalling pathway. The molecular 
docking outcomes reveal that the active ingredients of P. 
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zeylanica binds with the key target proteins, such as, PIK3CA, 
EGFR, PRKCA, VEGFA, MMP-9 and NOS2 in the ambience of 
hemorrhoids. The study has some shortcoming owing to the 
experimental validation deficit, but it can encourage the in- 
vitro or in-vivo studies. Altogether, this study unveil the sys
temic biological profiles of P. zeylanica. However, future 
experimental studies are required to validate the current 
findings.
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