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Breast cancer disease onset and progression has a complex pathophysiology. The recent findings reveal that the genetic 
variations and mutations in the ring domains of BRCA1 and BRCA2 appear to be of critical significance. These genes are 
essential for DNA repair and adverse variations or mutations in the BRCA1 and BRCA2 genes may increase the likelihood 
of developing breast cancer. Virtual screening of phytochemicals that are interacting with BRCA1 and BRCA2 mutations 
can be an effective strategy in identifying potential leads against the genes associated with breast cancer. Thus, the current 
study focuses on the efficacy of the phytochemicals from north east region of India for their potential against breast cancer. 
The Phytochemicals reported in North East India Medicinal Plant Database (NEIMPDB) were chosen against the BRCA1 
and BARD1 proteins which are implicated in human breast cancer. Maclurin, a phytophenol phytochemical known for its 
antioxidant activity was identified as a top scoring phytochemical in the screening of both BRCA1 and BARD1 proteins. 
The traditional practices of these plants revealed the use of Ricinis communis in the treatment of glandular cancer. Further, 
the network pharmacology and gene enrichment analysis were also performed for the target genes of top phytochemicals res 
with Cytoscape to highlight the constituent target gene in diseases pathways. Eight (8) phytochemicals namely Acteoside 
(Barleria cristata), Anthraquinones Emodin (Stellaria media), L-(+)-Quercitol (Aloe barbadensis), Maclurin (Ricinus 
communis), Myoinositol (Dioscorea sp.), Neoisoastilbin (Goniothalamus sesquipedalis), Okanin (Urtica magellanica), and 
Plantamajoside (Coccinia grandis) were identified as the compounds with the most number of breast cancer target genes.  

Keywords: Drug targets, Gene enrichment analysis, Medicinal plants, Network pharmacology, Physicochemical properties, 
Virtual Screening 

Medicinal plants have been used for centuries by 
millions of communities around the world to treat 
various ailments. About 80% of the citizens of 
emergent nations rely on medicinal plants as the 
primary source of health management1 and these 
practices have greatly influenced the culture, religion 
and ethnicity of the communities. These plants release 
an arsenal chemicals as defensive mechanisms against 
infections and predators2. These chemicals are the 
natural products, and they play significant role in the 
chemical biology for the treatment of diseases and 
infections3. The identification and isolation of natural 
products has led to the development of a variety of 
commonly used drugs. Use of products as anti-cancer 
agents have harnessed interest among pharmaceutical 
industries in the past decades. There are currently over 
a 100 natural product derived compounds under clinical 

trials for therapeutics for cancer4. Some important 
natural products used as anti-cancer agents are betulinic 
acid, camptothecin, curcumin, etoposide, indirubins, 
flavopiridol, rohitukine, podophyllotoxin, resveratrol, 
taxol, vinblastine, and Vincristine (Table 1)5.  
 

A wide spectrum of medicinal plants is known to 
treat cancer, with approximately 3000 plant species6. 
The in silico analysis of the natural products of 
medicinal plants can serve as a connecting bridge in 
prioritizing the plants for cancer treatment. Cancer is 
responsible for nearly 10 million deaths worldwide 
[WHO report, 2020], among which breast cancer is the 
most invasive and developing type of cancer (2.26 
million cases, WHO report)7. Mutations in the genes 
BRCA1 and BRCA2 are accountable for about 30-50% 
of hereditary breast cancer. Breast cancer type 1 
susceptibility protein (BRCA1) interacts with BRCA1 
Associated RING Domain 1 (BARD1) at the N and C 
terminal, where the N-terminal alpha helix of BRCA1 
is aligned anti-parallel to the C-terminal alpha helix 
of the BARD1 and vice versa8. The four-helix  bundle  
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stabilizes the heterodimer formed and the interaction 
formed increases the UBE2 ligase activity of BRCA1 
which is responsible for the tumour suppressive 
function of the protein (Fig. 1). This heterodimeric 
complex is important in catalyzing DNA double strand 
break (DSB) repair by homologous recombination and 
ubiquitin transfer by E3-ubiquitin protein ligase 
activity9. The E3 ubiquitin ligase binds to the BRCA1- 
BARD1 heterodimer and activates the interaction with 
DNA, the DNA damage response components help 
target DSBs, particularly those on damaged replication 
forks, into the HR pathway for repair. These activities 
contribute to the antitumorigenic properties of this 
complex10. The mutations terminate the ubiquitin ligase 
activity and the domain loses its ability to restore the 
G2-M checkpoint. Thus, mutation in this complex is 
directly associated with breast and ovarian cancers. 
The BRCA1 and BARD1 proteins interact at the 
RING domain which further complexes with the 
ubiquitin-conjugating enzyme E2D3. This complex 
associates with the histone proteins in the 
nucleosomal core complex, particularly with the H2A 
and H2B histone proteins11. The interaction of the 
BRCA1-BARD1 and nucleosomes induces high-
affinity chromatin binding and increases the 
ubiquitination ability of the histone proteins. 
Enhancing the interaction between the enzyme and 
substrate complex lead to the structural stability, 
which appear to contribute to the enabling of 
ubiquitination-mediated DNA damage repair 
mechanism9. The BRCA1-BARD1 complex can 
regulate transcriptional control and DNA repair 
mechanisms by reading and writing nucleosomes. 

This complex can affect the structure of chromatin 
and the expression of genes by identifying particular 
histone modifications and changing H2A. The 
interactions between BRCA1-BARD1, nucleosomes, 
and other protein complexes indicate its 
multifunctional role in preserving genome integrity 
and avoiding the onset of breast cancer12.  
 

Network pharmacology is a novel approach based 
on interdisciplinary theories implemented for the 
construction and visualization of networks that help 
evaluate the molecular mechanisms of drugs from 
multiple perspectives13. Network pharmacology can be 
used identify the potential target genes of medicinal 
plants14 and help in identifying the important pathways 
and genes of breast cancer.  
 

The current study focuses on screening the 
phytochemicals present in medicinal plants reported for 
the treatment of various ailments and documented in 
North East India Medicinal Plant Database (NEI-
MPDB)15 against breast cancer. A total of 4242 
phytochemicals from NEI-MPDB were screened 
against BRCA1 and BARD1 protein of human breast 
cancer. The target genes were identified for the top 
scoring phytochemicals and network was generated. 
The gene enrichment analysis was also performed for 
the dataset. Maclurin, a phytophenol phytochemical 
known for its antioxidant activity was identified as a 
top scoring phytochemical in the screening of both 
BRCA1 and BARD1 proteins of human breast cancer. 
The medicinal plants that report the presence of 
maclurin were identified from the database and the 
traditional practices of these plants revealed the 
traditional use of Ricinis communis in the treatment of 
glandular cancer. Further, the network pharmacology 
aspect of the phytochemicals and gene analysis was 
also performed for the dataset to highlight the plant 
constituent target gene diseases pathways.  
 
Materials and Methods 
 
Screening of phytochemicals 

Data of phytochemicals were obtained from NEI-
MPDB15, a collective database of medicinal plants 
found in North East India. The database reported a total 
of 5410 active phytochemicals found in medicinal 
plants of the North East region. This dataset was 
screened and curated where only those phytochemicals 
whose compound summary is listed in PubChem were 
identified. The curation led to the identification of 4242 
unique phytochemicals.  
 

 
 
Fig. 1  Crystal structure of BRCA1 and BARD1 proteins with
the active sites (PDB ID-IJM7) 
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Target protein for breast cancer 
The structure of BRCA1 and BARD1 protein (PDB 

ID: 1JM7) was retrieved from Protein Data Bank 
(PDB)16 (Table S1). The retrieved structure is a 
heterodimeric RING-RING complex responsible for 
ubiquitination and DNA double stranded break repair. 
The complex was prepared using UCSF Chimera17 for 
the generation of separate chains and removal of 
heteroatoms, ions and water molecules.  
 

Active site prediction and grid generation 
Active site prediction of the protein targets was 

done using CASTp18. CASTp is an open access server 
which computes the surface pockets of proteins. The 
grid box was generated by selecting the active sites as 
the centroid of the box in the receptor-grid generation 
module of Maestro19 (Table S2).  
 

Virtual screening 
Virtual screening is a technique used in the 

identification of novel bioactive molecules20-23. This 
approach is more efficient than other methods at 
obtaining lead compounds inexpensively and quickly 
while consuming less resources24-26. Virtual screening 
was conducted using Glide of Maestro v11.5 available 
in Schrödinger Release 2018-1 (Schrödinger LLC, 
New York, USA; https://www.schrodinger.com)19.  
 

Physicochemical and ADMET properties calculation 
The physicochemical and ADMET properties of 

the compounds with the highest docking scores were 
calculated using ADMETlab 2.027. ADMETlab 2.0 is 
an open access server for the predictions of ADMET 
properties of compounds28-30.  
 

Prediction of target genes of top 20 molecules 
The targets of the top 20 best molecules were 

retrieved and predicted for constructing protein network. 
The potential targets were retrieved from target 
databases such as DrugBank31, Drug repurposing hub32. 
The unavailable targets were predicted through online 
server DIGEB-Prèd33 by using SMILES as input file of 
the molecules. The retrieval of breast cancer target genes 
was done using two human gene database- GeneCards 
(https://www.genecards.org/)34 and MalaCards (https:// 
www.malacards.org/)35 using keywords “breast cancer” 
“mammary carcinoma”. The targets obtained from these 
datasets was compared with the original target genes of 
the top 20 phytochemicals.  
 

Network construction and analysis 
The network interaction analysis for biological 

entities has made the identification of new drugs a 
reality36,37. The complex organization of gene-gene, 

protein-protein interactions can be visualized and 
studies using network pharmacology approaches14. 
The list of selected genes was taken to construct 
protein-protein network using Cytoscape 3.9.138. For 
gene biological interpretation, a Cytoscape plugin 
ClueGo39 was used to integrate KEGG40 pathways and 
create gene ontology pathway term network. Further, 
gene enrichment analysis was carried out using online 
tools such as ShinyGO 0.7641 and Metascape42. The 
workflow adapted for the study is given in (Fig. 2).  
 

Results and discussion 
 

Virtual screening 
The phytochemicals dataset was screened against two 

breast cancer targets – BRCA1 and BARD1 
respectively. The top docking scores for both screening 
was identified (Table 2). The highest docking score for 
BRCA1 was 8.033 kcal/mol and 8.695 kcal/mol for 
BARD1 protein depicting the high affinity of the 
compounds. The highest scores belong to 
phytochemicals Maclurin and Plantamajoside, 
respectively. Maclurin also had a high docking score for 
BARD1 protein and it is the only phytochemical with 

 
 

Fig. 2  Schematic representation of workflow adopted in this
study to identify potential phytochemicals against breast cancer 
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high docking scores in both BRCA1 and BARD1 
protein. Maclurin is a phytochemical belonging to 
phytophenol family, known for its antioxidant activity 
and in the treatment of hyperuricemia or gout. It is 
presented in plants like Ricinus communis, Mangifera 
indica, and in Garcinia of Clusiaceae family. The 
comparison of the docking scores between the two 
breast cancer proteins revealed that BARD1 had a 
higher average docking score (7.74 kcal/mol) than 
BRCA1 (6.44 kcal/mol). The 2D representations of the  
docking interaction with BRCA1 and BARD1 targets 
is shown in (Figs 3 & 4). The 2D interaction study 
was carried out to analyse the interaction pattern of 
protein and ligand complexes using Discovery 
studio43. It can be observed that most of the 
interacting residues are among the active site residues 
with various non-covalent interactions between the 
top 10 phytochemicals and the interacting protein 
BRCA1 and BARD1 respectively8,9. The residues in 
the interacting surface of BRCA1 and BARD1 is 
reported to play important role in maintaining the 
stability and function of the complex9. Hence, we 
have also identified few of the residues from the 2D 
interaction studies which are found to be present 
among the interface residues. Residues namely 
Arg78, Asp40, Phe79, Asp40 and Ile21 were 

identified among the BRAC1 and its interacting 
phytochemicals and residues such as Ile69, Glu67, 
Leu47, and Cys66 were identified among the BRAD1 
and its interacting residues respectively. Among these 
residues, Phe79, Ile21 and Leu47 are reported to be 
hotspot residues present in the BRAC1-BARD1 
complexes59. This gives an overview of the identified 
residues which can be targeted for designing potential 
inhibiters against the breast cancer associated 
proteins. 

In addition, the electrostatic potential map of the top 
10 phytochemicals along with the interacting amino 
acids of BRCA1 and BARD1 was carried out to map the 
interacting region which are involved protein-ligand 
interaction binding affinity (Figs S1 & S2). 
 

Physicochemical and ADMET properties 
The physicochemical properties of the top scoring 

phytochemicals were calculated, and these 
phytochemicals was also mapped with the medicinal 
plants listed in NEI-MPDB (Table 2). It was observed 
that the plants Camellia sinensis and Ricinus 
communis were among the most occurring plants. The 
optimal molecular weight of a potential drug 
candidates ranges between 100-600, and it was 
observed that fifteen phytochemicals among the top 
scorers had the optimal range of molecular weight.  

Table 2  The docking score and physicochemical properties of the identified top 20 phytochemicals interacting  
with breast cancer associated targets BRCA1 and BARD1 

Proteins Compound name Medicinal Plants Docking score  
(kcal/mol) 

LogS LogD LogP MW TPSA 

BRCA1 Maclurin Ricinus communis 8.033 3.111 1.700 1.875 262.05 118.22 
6-thioguanosine5'-diphosphate Allium ascalonicum 7.374 1.642 1.270 2.924 459.00 229.91 
6-Biopterin Foeniculum vulgare 7.363 2.896 0.890 2.040 237.09 138.74 
Gallocatechin Camellia sinensis 6.449 2.88 0.905 0.736 306.07 130.61 
Paeonidin-3-5,-Diglucoside Begonia palmata 6.232 2.746 0.824 0.843 625.18 259.75 
Anthraquinones Emodin Stellaria media 5.902 5.594 2.845 3.856 270.05 94.83 
2′-Deoxycytidine Gelsemium elegans 5.755 0.556 1.847 3.032 307.06 154.70 
Adenine Cajanus cajan 5.735 2.458 0.633 1.686 135.05 81.21 
( +)-Scytalone Streblus asper 5.729 1.226 1.012 1.006 194.06 77.76 
Clavatol Begonia inflata 5.689 1.821 1.302 2.244 180.08 57.53 

BARD1 Plantamajoside Coccinia grandis 8.695 1.821 0.256 0.346 640.20 265.52 
3,4-dihydroxyphenyl Camellia sinensis 8.608 4.065 2.017 2.964 716.14 281.95 
Myoinositol Dioscorea sp. 8.083 0.353 2.328 3.057 180.06 121.38 
 L-(+)-Quercitol Aloe barbadensis 7.848 0.08 1.863 2.364 164.07 101.15 
D-Glucosamine Costus speciosus 7.534 0.005 2.208 2.539 179.08 116.17 
Maclurin Ricinus communis 7.338 3.111 1.700 1.875 262.05 118.22 
Okanin Urtica magellanica 7.248 2.389 1.026 2.149 288.06 118.22 
Neoisoastilbin Goniothalamus sesquipedalis 7.231 3.871 1.113 0.101 450.12 186.37 
Acteoside Barleria cristata 7.055 2.051 1.055 0.328 624.21 245.29 
Leucoanthocyanidin Aegle marmelos 6.864 3.026 0.198 0.272 322.07 150.84 
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Fig. 3  2D representation depicting docking interactions of top 10 phytochemicals with breasts cancer associated target BRCA1 
 

 
 

Fig. 4  2D representation depicting docking interactions of top 10 phytochemicals with breasts cancer associated target BARD1 
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Table 3  The ADMET properties of the top 20 phytochemicals 

Compound name Medicinal Plants ADME Toxicity 

BBB Caco-2 HIA MDCK PPB SkinSen  Ames Carcinogenicity 

Maclurin Ricinus communis 0.021 5.463 0.036 6.63E-06 96.54% 0.942 0.778 0.105 

6-thioguanosine 5'-diphosphate Allium ascalonicum 0.809 6.516 0.743 3.54E-05 15.47% 0.301 0.384 0.941 

6-Biopterin Foeniculum vulgare 0.885 6.093 0.018 3.49E-05 42.87% 0.049 0.063 0.947 

Gallocatechin Camellia sinensis 0.019 6.306 0.274 3.89E-06 91.16% 0.958 0.437 0.036 

Paeonidin-3-5,-Diglucoside Begonia palmata 0.454 6.453 0.953 0.00012 69.37% 0.009 0.461 0.162 

Anthraquinones Emodin Stellaria media 0.056 5.149 0.016 1.10E-05 99.29% 0.678 0.823 0.301 

Clavatol Begonia inflata 0.141 4.709 0.007 1.53E-05 94.48% 0.904 0.029 0.385 

2′-Deoxycytidine Gelsemium elegans 0.82 6.194 0.966 0.00127 7.79% 0.244 0.017 0.081 

Adenine Cajanus cajan 0.288 5.072 0.024 4.29E-06 11.43% 0.928 0.346 0.032 

( +)-Scytalone Streblus asper 0.309 4.917 0.107 6.31E-06 48.79% 0.9 0.146 0.095 

Plantamajoside Coccinia grandis 0.12 6.656 0.995 2.45E-05 93.19% 0.962 0.339 0.031 

3,4-dihydroxyphenyl Camellia sinensis 0.012 6.652 0.914 8.20E-06 97.28% 0.872 0.036 0.196 

Myoinositol Dioscorea sp. 0.693 5.334 0.974 0.01187 12.30% 0.02 0.038 0.003 

L-(+)-Quercitol Aloe barbadensis 0.773 5.224 0.919 0.00151 10.68% 0.06 0.071 0.013 

Leucoanthocyanidin Aegle marmelos 0.033 6.462 0.473 3.81E-06 89.74% 0.94 0.418 0.024 

D-Glucosamine Costus speciosus 0.373 5.274 0.885 0.00201 10.65% 0.083 0.342 0.016 

Okanin Urtica magellanica 0.02 5.375 0.051 9.01E-06 99.08% 0.967 0.829 0.607 

Neoisoastilbin Goniothalamus 
sesquipedalis 

0.066 6.495 0.761 7.98E-06 91.50% 0.276 0.732 0.246 

Acteoside Barleria cristata 0.336 6.449 0.993 6.37E-05 93.34% 0.687 0.389 0.077 

*BBB: blood–brain barrier, Caco-2: cancer coli-2, HIA: human intestinal absorption, MDCK: Madin-Darby canine kidney, PPB: Plasma
Protein Binding, SkinSen: skin sensitisation, Ames: Ames 
 

The topological polar surface area (TPSA) was also 
calculated based on Veber’s rule and twelve 
phytochemicals had the optimal range  of scores  
(0-140). The log S, log D and log P values were also 
calculated and it was observed that sixteen, eight and 
seven phytochemicals scored values in the optimal value 
range for potential drug candidate.  

The ADMET properties was calculated using the 
following parameters – blood brain barrier (BBB), 
colon adenocarcinoma cell lines (Caco-2) 
permeability, Madin−Darby Canine Kidney cells 
(MDCK) permeability, human intestinal absorption, 
plasma protein binding (PPB), skin sensitization, 
Ames test for mutagenicity, and carcinogencity. It has 
been observed that 47% of phytochemicals had the 
probability of being BBB-, while 42% of 
phytochemicals were predicted to be HIA+ and low 
probability of causing skin sensitization. 52% of 
phytochemicals were predicted to have a proper Caco-
2 and PPB value, 36% of compounds showed high 
probability for MDCK permeability and low Ames 
toxicity. About 73% of phytochemicals were 
predicted as having low probability of being 
carcinogens (Table 3). In addition, drug likeliness 

properties of the top scoring phytochemicals were 
also calculated (Table S3). It was observed that all the 
top 19 phytochemicals followed two or more drug 
likeliness rules among which phytochemicals such as 
maclurin, 6-Biopterin, Gallocatechin, Anthraquinones 
Emodin, Leucoan-thocyanidin, 2′-Deoxycytidine and 
Okanin were found to be following all the four rules 
which also indicates their drug likeness properties to 
be potential leads for treating cancer diseases. 
 
Therapeutic indications 

The therapeutic indications of the available 
phytochemicals were obtained from DrugCentral and 
DrugBank. The therapeutic indications of the 
phytochemicals include a combination of Berger's 
disease, growth factor, Immune boosters, Polycystic 
Kidney and pseudovitamin. The traditional practices 
of these plants were also obtained from NEI-MPDB. 
It was observed that the screened plants were used in 
the treatment of thirty different ailments which 
includes - abdominal pain, abortifacient, anaemia, 
analgesic, arthritis, body ache, boils, bronchitis, 
burns, chest pain, cough/cold, cuts and wounds, 
diabetes, diarrhoea, dysentery, epilepsy, fever, 
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gastritis, glandular tumors, helminthiasis, 
inflammation, jaundice, kidney problems, menstrual 
disorder, muscle cramp, piles, pneumonia, 
rheumatism, skin diseases, and toothache. An 
interesting observation was seen where the plant 
Ricinus communis have been reported to be used in 
the treatment of glandular cancer. Therefore, this 
corresponds to the high docking score obtained from 
the phytochemical maclurin. 
 
Screening of potential and breast cancer targets 

A total of 326 potential targets were obtained  
from the top 20 phytochemicals Drug Bank,  
Drug repurposing hub and DIGEB-Prèd. The  
dataset was curated to identify unique potential 
targets, where 194 genes were obtained for the 
network construction. The screening of breast cancer 
targets from the human gene database identified 204 
targets. This dataset was compared with the potential 
targets and 20 genes out of the 194 were identified as 
breast cancer genes.  
 
Network construction and analysis 

The complex drug-gene-disease interaction 
mechanism is addressed using network 
pharmacology. The network was constructed using 
194 target genes from twenty phytochemicals and 
eighteen medicinal plants through cytoscape network 
visualization where FDR value was set to <0.05. The 
target genes interacted strongly with the fluid shear 
stress and atherosclerosis pathway. The top ten targets 
obtained from the network analysis are - fluid shear 
stress and atherosclerosis (22.22%), adherens junction 
(15.67%), ferroptosis (11.11%), nitrogen meta-bolism 
(5.56%), pathways in cancer (5.56%), AGE-RAGE 
signalling pathway in diabetic complications (5.56%), 
alcoholic liver diseases (5.56%), microRNAs in 
cancer (5.56%), chemical carcinogensis (5.56%), and 
prostate cancer (5.56%) (Fig. 5). The network 

diagram of the top 20 phytochemicals with 194 genes 
is shown in (Fig. 6).  

It can be observed from the network generated that 
about 22.24% of genes are involved in cancer related 
pathways such as microRNAs in cancer, chemical 
carcinogensis, proteoglycans in cancer, and prostate 
cancer. Table 4 represents the pathways associated 
with the target genes identified from different 
databases. P-value < 0.05 indicates that the listed 
pathways and genes have significant correlation with 
the phytochemicals and cancer related target genes. 
Further, the set of genes were also analysed to 
identify the breast cancer genes among the genes 
involved in the four cancer pathways. It was observed 
that 30 different genes from 13 unique 
phytochemicals belonging to 13 medicinal plants 
were involved in the cancer related pathways. Among 
them, the phytochemical okarin reported in Urtica 
magellanica was the most occurring phytochemicals 
with 24 predicted target genes occurring in the 
network, followed by 11 genes of athraquinones of 
Stellaria media and 10 genes of myoinositol of 
Dioscorea sp. The analysis with the breast cancer 
genes revealed the presence of 15 genes involved in 
the cancer related pathways of the network 
constructed. The phytochemicals where the 15 breast 
cancer target genes were identified are Acteoside 
(Barleria cristata), Anthraquinones Emodin (Stellaria 
media), L-(+)-Quercitol (Aloe barbadensis), Maclurin 
(Ricinus communis), Myoinositol (Dioscorea sp.), 
Neoisoastilbin (Goniothalamus sesquipedalis), 
Okanin (Urtica magellanica), and Plantamajoside 
(Coccinia grandis). The structure of the eight 
identified phytochemicals are shown in (Fig. 7). 
 
GO and pathway enrichment analysis 

The crucial target genes were analysed by  
GO biological process enrichment and KEGG pathway  

 
 

Fig. 5  Percentage of genes involved in various KEGG pathways where the maximum percentage of 22.22% of genes are observed to
be involved in fluid shear stress and atherosclerosis while the minimum percentage of 5.56% of gene is observed in multiple pathways 
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Fig. 6  Gene enrichment analysis for genes associated with top screened phytochemicals. The network represents the KEGG pathways 
of the selected genes where FDA value was set to <0.05 
 

 
 

Fig. 7  The 2D structures of the eight selected phytochemicals as potential breast cancer targets on network pharmacology 
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Table 4  P-value of the pathways associated with the target genes of the top 20 phytochemicals along with the no. and type of genes 

Term P-Value No. of Genes Associated Genes Found 

Toxoplasmosis 1.79E-10 9 BCL2, CASP8, HSPA8, ITGA6, MAPK8, NOS2, TGFB2, TNF,
TNFRSF1A 

Tuberculosis 1.79E-10 11 BCL2, CASP8, CD14, EP300, MAPK8, NOS2, PLK3, TGFB2, TNF,
TNFRSF1A, VDR 

Lipid and atherosclerosis 1.79E-10 15 ATF6, BCL2, CASP8, CCL2, CD14, CDC42, CYBA, CYP1A1,
HSPA5, HSPA8, MAPK8, NFE2L2, RAC1, TNF, TNFRSF1A 

Fluid shear stress and 
atherosclerosis 

1.79E-10 15 BCL2, CCL2, CTNNB1, CYBA, HMOX1, ITGAV, MAPK8, MGST1,
MMP2, NFE2L2, PLAT, RAC1, SDC4, TNF, TNFRSF1A 

Pathways in cancer 7.59E-08 27 AR, BCL2, CASP8, CDC42, CTNNB1, EP300, ERBB2, ESR2, FGFR1,
FOXO1, HMOX1, ITGA6, ITGAV, KLK3, LRP6, MAPK8, MDM2,
MET, MGST1, MMP2, NFE2L2, NOS2, RAC1, RARA, RARB,
TGFB2, TXNRD2 

Focal adhesion 2.01E-07 12 BCL2, CDC42, COL1A1, CTNNB1, ERBB2, FLT1, ITGA6, ITGAV,
MAPK8, MET, RAC1, VASP 

Adherens junction 2.01E-07 9 ACP1, CDC42, CSNK2A1, CTNNB1, EP300, ERBB2, FGFR1, MET,
RAC1 

Proteoglycans in cancer 2.01E-07 14 CDC42, COL1A1, CTNNB1, ERBB2, FGFR1, ITGAV, MDM2, MET,
MMP2, PLAU, RAC1, SDC4, TGFB2, TNF 

Prostate cancer 4.11E-07 11 AR, BCL2, CTNNB1, EP300, ERBB2, FGFR1, FOXO1, KLK3,
MDM2, PLAT, PLAU 

AGE-RAGE signaling pathway in 
diabetic complications 

5.61E-07 11 BCL2, CCL2, CDC42, COL1A1, FOXO1, MAPK8, MMP2, NOX4,
RAC1, TGFB2, TNF 

Alcoholic liver disease 1.77E-05 11 ACACB, CASP8, CD14, CTNNB1, FASN, FOXO1, MAPK8, NOX4,
PPARA, TNF, TNFRSF1A 

Glutathione metabolism 2.14E-05 6 GCLC, GCLM, GPX1, GSS, MGST1, RRM2B 

Ferroptosis 2.14E-05 6 FTL, GCLC, GCLM, GSS, HMOX1, SAT1 

Chemical carcinogenesis 6.27E-05 13 ACP1, CAT, CBR1, CYBA, CYP1A1, HMOX1, MAPK8, MET,
MGST1, NFE2L2, NOX4, RAC1, SOD1 

HIF-1 signaling pathway 6.43E-05 9 BCL2, EIF4E, EP300, ERBB2, FLT1, HK2, HMOX1, NOS2, TIMP1 

MAPK signaling pathway 7.78E-05 15 CD14, CDC42, EFNA3, ERBB2, FGFR1, FLT1, HSPA8, MAPK8,
MAPKAPK2, MET, RAC1, RPS6KA3, TGFB2, TNF, TNFRSF1A 

Nitrogen metabolism 1.34E-04 4 CA12, CA2, CA4, CA7 

MicroRNAs in cancer 4.80E-04 14 ABCB1, BCL2, DNMT1, EFNA3, EP300, ERBB2, HMOX1, MCL1,
MDM2, MET, PLAU, SOX4, TGFB2, VIM 

Blue colour highlighted are the breast cancer target genes retrieved from human gene database GeneCards and MalaCards 

 

enrichment analysis. The GO enrichment analysis 
comprised three parts: biological process (BP), cellular 
components (CC), and molecular function (MF). The GO 
and BP analysis predicted that the key targets are mainly 
involved in response to oxidative stress, nutrient levels 
and extracellular stimulus where 29 to 32 genes were 
involved. The analysis also showed that the target 
involved in the response to oxygen containing 
component had a low fold enrichment score but involved 
the highest number of genes (73 genes). The key targets 
involved in the cellular component analysis are 
perinulcear endoplasmic reticulum, ficolin-1-rich 

granule lumen and peroxisome. The component 
involving the greatest number of genes was the 
mitochondrion where 36 genes were involved in the 
activity. The molecular function analysis was also 
performed and the following activities were observed to 
have the highest fold enrichment scores – carbonate 
dehydratase, nuclear receptor, and ligand activated 
transcription factor activity. Signalling receptor binding 
activity had the highest number of gene involvement  
(34 genes). The top ten enriched biological process, 
cellular components and molecular function are shown 
in (Fig. 8). 
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Conclusion 
Natural products are important sources of new 

therapeutics in modern day. The search for novel drugs 
with potential anti-cancer agents continues to be a 
challenge mainly due to the complications in the 
synthesis of natural products. Identifying potential 
medicinal plants with anti-cancer properties can be an 
alternative therapeutic use against the life-threatening 
disease44,45. In this study, phytochemicals documented in 
NEI-MPDB were screened against BRCA1 and BARD1 
breast cancer targets. The synergistic effect of the top 
scoring phytochemicals was performed by constructing a 
network using Cytoscape. The phytochemicals with the 
top docking scores were identified and the target genes 
were predicted. Among the top scoring phytochemicals 
for BRCA1 and BARD1, a phytophenol maclurin known 
for its antioxidant activity was identified as a top scoring 
phytochemical for both targets. The back-mapping of the 
top 20 phytochemicals was done from NEI-MPDB to 
identify the medicinal plants and the therapeutic uses and 
it was observed that eighteen different plants were used 
in the treatment of thirty ailments including glandular 
tumors. An interaction network was constructed with the 
set of predicted target genes of the top 20 phytochemicals 
and breast cancer target genes were identified from the 
network. Eight phytochemicals namely Acteoside 

(Barleria cristata), Anthraquinones Emodin (Stellaria 
media), L-(+)-Quercitol (Aloe barbadensis), Maclurin 
(Ricinus communis), Myoinositol (Dioscorea sp.), 
Neoisoastilbin (Goniothalamus sesquipedalis), Okanin 
(Urtica magellanica), and Plantamajoside (Coccinia 
grandis) were identified as the compounds with the most 
number of breast cancer target genes. Therefore, based 
on the topology of the docking weighted phytochemical 
cancer target network, these compounds and their 
associated plants may be explored as potential 
therapeutic indications against breast cancer associated 
genes.  
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