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Abstract: Cancer is one of the most common diseases and remains a leading cause of death worldwide. 

Breast cancer is one of the major causes of mortality in women. It is one of the most frequent cancers 

among others. Due to its high mortality, it requires effective prevention. Radiotherapy, immunotherapy, 

and chemotherapy are the most common methods used to treat breast cancer, but these techniques 

adversely affect healthy cells. Therefore, an alternative therapy is required to overcome this problem. 

Phytochemicals from different plant sources are an alternative way for curing infectious diseases and 

now they are being explored for their anti-cancer therapeutics. In the present study, the BRCA2 receptor 

protein, which is actively involved in breast cancer expression, was chosen for the molecular docking 

analysis. This study focuses on evaluating phytochemical compounds from 5 different plants against 

BRCA2 breast cancer tumor receptors. Prior to computational analysis, a theoretical ADME study was 

used to rule out a few compounds. Virtual screening of these compounds identified five-hit molecules, 

which could be further explored in the drug discovery pipeline. Molecular docking analysis revealed 

that isocolumbin possesses maximum negative binding energy against BRCA2 receptors. These hits 

were found to be well in range in the bioavailability radar test as well.   

Keywords: Phytochemicals; breast cancer; in-silico screening; docking; isocolumbinm; 

bioavailability. 
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1. Introduction 

Breast cancer, one of the most frequent cancers among women, affected an estimated 

2.1 million women in 2018, which translates to one new case every 18 seconds [1]. 

Approximately 15% of women died from breast cancer [2-3]. Regardless of the income level, 

the burden of breast cancer is increasing in women due to the increasing and aging population 

[3-4]. The death rate is also varied among the cancer subtypes, with HER2 positive having the 

highest death rate followed by TNBC, Luminal A and Luminal B subtypes [5]. In high-income 

countries, cancer is often diagnosed at early stages, whereas it is diagnosed at later stages in 

lower- and middle-income countries. Therefore, the prognosis in high-income countries is 

better than that in low- and middle-income countries [4]. Some studies also reported that breast 

cancer is present earlier age (generally 40-50 years of age) in Asian women as compared to 

Western region countries’ women (generally between 60-70years of age) [7-9]. 
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The genetic mutation in the breast cancer susceptibility gene BRCA2 confers a 

predisposition to individuals' early onset of breast cancer. BRCA2 encodes BRCA2 protein, 

whose function is to repair DNA double-strand breaks via homologous recombination [10,11]. 

One of the crucial steps in homologous recombination is recruiting RAD51 recombinase to the 

exposed single-stranded DNA overhangs. RAD51 forms highly ordered nucleoprotein 

filaments that mediate the search for homologous sequences on the undamaged sister 

chromatids, followed by DNA strand exchange [12]. The defective cells for BRCA2 are 

sensitive to DNA interstrand cross-linking agents and show a decreased efficiency of DNA 

double-stranded break repair. They also have the inability to promote efficient restart of stalled 

replication forks [13,14]. 

The development of graphics processing units and bioinformatics makes it an 

innovative tool to design new drugs [15, 16]. It reduces the monetary and time costs that 

generally go into experiments and trials. Docking combines the chemical and physical 

principles with scientific calculation algorithms to generate characteristic interactions between 

receptor and ligand molecule [17]. Natural compounds are one of the potential sources of 

bioactive compounds. Plant-derived compounds possess a wide range of therapeutic activities, 

including anti-cancer, antibacterial, antidiabetic, etc. [18-22]. Anti-cancer activity of various 

plant-derived compounds has been reported in various studies [23-26]. Therefore, this study 

focuses on evaluating phytochemical compounds from 5 different plants, namely - Tinospora 

cordifolia, Ocimum tenuiflorum, Podophyllum hexandrum Andrographis paniculate, and Beta 

vulgaris, against BRCA2 breast cancer tumor receptor. 

2. Materials and Methods 

2.1. Protein/Macromolecule. 

PALB2/BRCA2 complex was used in this study. The 3-D structure (PDB id: 3EU7) of 

the complex was retrieved from RCSB PDB in PDB file format (https://www.rcsb.org/). 

PALB2/BRCA2 complex has 6 amino acid residues in the active site, namely: TYR1064, 

PHE1071, LEU1092, TYR1108, LEU1142, and LEU1143. The active site of the complex was 

involved in binding with GOL (Glycerol) inhibitor, as seen in Figure 1 [27] 

 
Figure 1. 3-D structure of PALB2/BRCA2 complex with GOL (Glycerol) inhibitor. 
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2.2. Ligands. 

A total of 63 bioactive compounds were used as ligands. These selected compounds are 

from 5 different plants, namely Tinospora cordifolia, Ocimum tenuiflorum, Podophyllum 

hexandrum, Andrographis paniculate, and Beta vulgaris.  Ligand structures were taken from 

PubChem databank in .sdf format. However, for docking purposes, these structures were 

converted to .pdb format using Biovia Discovery Studio Visualizer v20.1.0.19295 

(https://pubchem.ncbi.nlm.nih.gov/). 

2.3. ADME analysis. 

A web tool named SwissADME was used for the initial screening of the shortlisted 

compound based on Lipinski’s rule of five. To qualify as a potential ligand, this role states that 

a compound should have molar weight < 500Da; molar refractivity between 40 to 130 m3mol-

1; high lipophilicity, i.e., logP < 5; hydrogen bond donor less than 5 and acceptors less than10. 

Any compound violating two or more of the parameters mentioned above was ruled out from 

further studies. 

2.4. Molecular docking. 

Autodock 4.2 was used to get the docked protein-ligand complex. The structure of every 

ligand and protein underwent optimization before docking. From the 3-D structure of the 

protein, water molecules, as well as inhibitors, were removed. Further, the addition of polar 

hydrogen bonds, Kollman charges and Gasteiger charges concluded the step of protein and 

ligand preparation. A grid box of dimension 54×40×40 with the spacing of 0.375 Å was made 

around the protein's binding site. The grid was centered at 6.751, -7.741 and 7.743 in x, y and 

z, respectively. The genetic algorithm was used as the search parameter and Lamarckian GA 

was used to handle the output. Docking Log File (DLG) was used for further analysis. The 

resulting DLG file reports a total of 10 conformations for each ligand. However, the most stable 

conformation, i.e., the conformation with the most negative binding energy, was selected as 

the final docking complex. This complex was converted to a 2-D structure to study the protein 

and ligand interactions at the binding site. 

2.5. Bioavailability radar. 

The Drug-likeliness of the compounds having binding energy less than the control was 

further analyzed. Six physiochemical properties: size, polarity, lipophilicity, solubility, 

flexibility, and saturation were considered to prepare a bioavailability radar via the 

SwissADME web tool. The shaded region shown in the radar chart represents the optimal 

values for the aforementioned physicochemical properties. Compounds exhibiting large 

deviations from these values suggest that the compound is not orally bioactive. 

2.6. PASS web server. 

PASS stands for Prediction of Activity Spectra for Substances. It is a tool used to 

evaluate the biological potential of an organic drug-like molecule. PASS reports predictions of 

various biological activities based on the structure of the compound. It calculates the 

probability Pa and Pi, which describes whether the given compound belongs to the active 

subclass or inactive subclass, respectively. 
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3. Results and Discussion 

3.1. ADME analysis. 

In order to estimate the drug-likeliness, Lipinski’s rule was used on all the selected 63 

bioactive compounds. Lipinski’s rule is used to evaluate a bioactive compound's drug-

likeliness and assist in ruling out few compounds based on their chemical and physical 

properties. However, Lipinski’s rule only reports whether a compound is likely to be orally 

active in humans. Therefore, a compound qualifying the parameters doesn’t make it a drug 

molecule. Compounds that violate two or more than two parameters were not considered for 

further studies. 18 bioactive compounds were withheld from further studies. Table 1 enlists the 

compounds considered for further studies. 

Table 1. ADME analysis of bioactive compounds. 

Compound Name PubChem ID Lipophilicity 

(LogP < 5) 

H Bond 

Donor (<5) 

H Bond 

Acceptor (<10) 

Molar 

Refractivity 

(40-130) 

Molecular 

Weight 

(<500 Da) 

Violation(s) 

Berberin 2353 3.6 0 4 94.87 336.4 0 

Choline 305 3.6 1 1 29.69 104.17 1 

Magnoflorine 73337 2.7 2 4 101.87 342.4 0 

Tinosporin 122206355 1.1 2 8 97.66 406.4 0 

Palmatine 19009 3.7 0 4 101.8 352.4 0 

Isocolumbin 24721165 2.2 1 6 90.1 358.4 0 

Aporphine 114911 3 0 1 78.97 235.32 0 

Jatrorrhizine 72323 3.4 1 4 97.33 338.4 0 

Tetrahydropalmatine 5417 3.2 0 5 103.99 355.4 0 

Palmarin 442068 1.3 1 7 89.54 374.4 0 

Tembetarine 167718 3 2 4 102.87 344.4 0 

Eugenol 3314 2 1 2 49.06 164.2 0 

Methyl Eugenol 7127 2.5 0 2 53.53 178.23 0 

Cirsilineol 162464 2.9 2 7 91.44 344.3 0 

Cirsimartin 1888323 2 2 6 84.95 314.29 0 

Isothymusin 630253 2.6 3 7 86.97 330.29 0 

Apigenin 5280443 1.7 3 5 73.99 270.24 0 

Rosemeric Acid 5281792 2.36 5 8 91.4 360.31 0 

Luteolin 5280445 2.53 4 6 76.01 286.24 0 

Bornyl Acetate 6448 4.3 0 2 56.33 196.29 0 

Myrtenal 61130 2.98 0 1 45.42 150.22 0 

Neral 643779 3.03 0 1 49.44 152.23 0 

Alpha Elemene 80048 5 0 0 70.42 204.35 0 

Podophyllotixin 10607 2.01 1 8 103.85 414.41 0 

4-

dimethylpodophylloto

xin 

122667 1.68 2 8 99.38 400.38 0 

Quercetin 5280343 1.54 5 7 78.03 302.24 0 

Kaempferol 5280863 1.9 4 6 76.01 286.24 0 

Andrographolide 5318517 2.16 3 5 95.21 350.45 0 

Isopropylideneandrog

rapholide 

71589898 3.17 1 5 107.41 390.51 0 

14-deoxy-11,12-

didehydroandrograph

olide 

5708351 3.23 2 4 93.58 332.43 0 

Dehydroandrographol

ide 

6473762 3.38 2 4 93.58 332.43 0 

Moslosooflavone 188316 3.32 1 5 82.93 298.29 0 

19-O-acetyl-14-

deoxy-11,12-

46179874 3.26 1 5 103.32 374.47 0 
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Compound Name PubChem ID Lipophilicity 

(LogP < 5) 

H Bond 

Donor (<5) 

H Bond 

Acceptor (<10) 

Molar 

Refractivity 

(40-130) 

Molecular 

Weight 

(<500 Da) 

Violation(s) 

didehydroandrograph

olide 

(8S,12R)-

Isoandrographolide 

101569019 2.34 2 5 93.55 350.45 0 

14-

acetylandrographolide 

71589914 2.74 2 6 104.95 392.49 0 

Azatoxin 125383 2.94 2 5 106.4 380.39 0 

Betaine 247 0 0 2 28.35 117.15 1 

Ferulic Acid 445858 1.51 2 4 51.63 194.18 0 

Caffeic Acid 689043 1.15 3 4 47.16 180.16 0 

p-Coumaric Acid 637542 1.46 2 3 45.13 164.16 0 

Syringic Acid 10742 1.04 2 5 48.41 198.17 0 

Rhamnetin 5281691 1.87 4 7 82.5 316.26 0 

Rhamnocitirin 5320946 2.22 3 6 80.48 300.26 0 

Betaxanthin 135926572 1.38 2 7 94.99 358.35 0 

Orientin 5281675 0 8 11 108.63 448.38 2 

Vicenin-2 3084407 -2.26 11 15 139.23 594.52 4 

Ursolic Acid 64945 7.34 2 3 136.91 456.7 2 

Podophyllotoxin 

glucoside 

161177 0.42 4 13 136.23 576.55 2 

Etoposide 36462 0.6 3 13 139.11 588.56 3 

Teniposide 452548 1.24 3 13 156.66 656.65 3 

NK611 9852558 2.12 2 13 157.42 652.09 3 

GL331 148091 3.88 2 9 135.86 520.49 2 

TOP-53 177859 3.02 1 9 137.66 512.59 2 

Etoposide Phosphate 6918092 0 4 16 149.76 668.54 3 

Tafluposide 9877073 4.84 2 30 220.84 1116.71 3 

Beta-Sitosterol 222284 9.34 1 1 133.23 414.71 2 

Stigmasterol 5280794 8.56 1 1 132.75 412.69 2 

Rutin 5280805 0 10 16 141.38 610.52 4 

Astragalin 5282102 0.72 7 11 108.13 448.38 2 

Oleanolic Acid 10494 7.49 2 3 136.65 456.7 2 

Beta-Carotene 5280489 13.54 0 0 184.43 536.87 3 

Lutein 5281243 11.01 2 2 186.76 568.87 3 

 

(A)14acetyl          (B)14deoxy 
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(C)190Acetyl       (D)Isocolumbin 

 

(E)Isoprpoyl 

 

Figure 2. Bioavailability radar representation of five selected hits. The colored zone represents the preferable 

physicochemical space for oral bioavailability. LIPO stands for Lipophilicity: -0.7 <XLOGP3<+5.0. SIZE: 150 

g/mol<TPSA< 130Å2. INSOLU stands for Insolubility: 0<LogS (ESOL) < fraction Csp3 < Number of rotatable 

bonds <9. 

Table 2. Virtual screening results of the drug library. The top five molecules were further analyzed for their 

bioavailability using the pass webserver. 

Compounds 
Binding 

Energy 

Ligand 

Efficiency 

Inhibition 

constants (uM) 

Intermolecular 

energy 

vdw H bond desolvation 

energy 

Isocolumbin -8.73 -0.34 0.39684 -9.33 -9.37 

19-O-acetyl-14-

deoxy-11,12-

didehydroandrog

rapholide 

-8.5 -0.31 0.5926 -10.29 -10.18 

Isopropylidenean

drographolide 
-7.99 -0.29 1.39 -8.88 -8.79 

14-

acetylandrograph

olide 

-7.61 -0.27 2.64 -9.7 -9.58 

14-deoxy-11,12-

didehydroandrog

rapholide 

-7.49 -0.31 3.25 -8.98 -8.92 

Dehydroandrogra

pholide 
-7.35 -0.31 4.07 -8.84 -8.73 

Berberin -7.32 -0.29 4.3 -7.92 -7.86 

Aporphine -7.32 -0.41 4.32 -7.32 -6.84 

Andrographolide -7.32 -0.29 4.34 -9.11 -8.94 
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Compounds 
Binding 

Energy 

Ligand 

Efficiency 

Inhibition 

constants (uM) 

Intermolecular 

energy 

vdw H bond desolvation 

energy 

(8S,12R)-

Isoandrographoli

de 

-7.28 -0.29 4.64 -8.47 -8.37 

Azatoxin -7.28 -0.26 4.6 -8.47 -8.43 

Palmatine -7.02 -0.27 7.21 -8.21 -8.04 

4-

demethylpodoph

yllotoxin (CID: 

122667) 

-6.85 -0.24 9.46 -8.35 -8.31 

Tetrahydropalma

tine 
-6.83 -0.26 9.84 -8.02 -7.63 

Magnoflorine -6.68 -0.27 12.8 -7.87 -7.42 

Tinosporin -6.66 -0.23 13.2 -8.15 -7.93 

Palmarin -6.54 -0.24 16.13 -7.13 -7.17 

Podophyllotoxin 

(CID: 10607) 
-6.53 -0.22 16.23 -8.03 -7.98 

Apigenin (CID: 

5280443) 
-6.51 -0.33 17.03 -7.7 -7.53 

Cirsilineol -6.46 -0.26 18.37 -8.25 -7.89 

Alpha Elemene 

(CID: 80048) 
-6.42 -0.43 19.84 -7.01 -7 

Cirsimaritin -6.38 -0.28 21.03 -7.87 -7.8 

Jatrorrhizine -6.25 -0.25 26.06 -7.45 -7.39 

Tembetarine -6.24 -0.25 26.65 -8.03 -7.45 

Moslosooflavone -6.24 -0.28 26.75 -7.43 -7.42 

Kaempferol 

(CID: 5280863) 
-6.23 -0.3 27.28 -7.72 -7.57 

Rhamnocitrin -5.96 -0.27 42.57 -7.45 -7.38 

Luteolin (CID: 

5280445) 
-5.95 -0.28 43.63 -7.44 -7.18 

Quercetin (CID: 

5280343) 
-5.91 -0.27 46.71 -7.7 -7.43 

Isothymusin -5.74 -0.24 61.7 -7.53 -7.45 

Bornyl acetate 

(CID: 6448) 
-5.67 -0.41 69.99 -6.26 -6.25 

Rhamnetin -5.48 -0.24 96.05 -7.27 -7.07 

Betaxanthin -5.41 -0.21 108.89 -7.79 -8.43 

Rosmarinic Acid 

(CID: 5281792) 
-5.35 -0.21 119.52 -8.93 -8.87 

Myrtenal (CID: 

61130) 
-5.34 -0.49 121.98 -5.64 -5.64 

Methyl Eugenol -4.42 -0.34 572.61 -5.62 -5.6 

Neral (CID: 

643779) 
-4.34 -0.39 659.03 -5.53 -5.52 

Eugenol -4.27 -0.36 744.04 -5.46 -5.41 

Caffeic Acid -3.95 -0.3 1280 -5.44 -5.45 

p-coumaric acid -3.89 -0.32 1410 -5.08 -5.29 

ferulic acid -3.72 -0.27 1860 -5.22 -5.77 

Syringic acid -3.33 -0.24 3600 -4.83 -5.16 

Choline -2.78 -0.4 9210 -3.67 -3.3 

Betaine -2.56 -0.32 13230 -3.16 -2.59 
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Figure 3. Interaction of Isocolumbin with residues of 3EU7. 

 

Figure 4. Interaction of 19-O-acetyl-14-deoxy-11,12-didehydroandrographolide with residues of 3EU7. 

https://doi.org/10.33263/BRIAC122.16701681
https://biointerfaceresearch.com/


https://doi.org/10.33263/BRIAC122.16701681  

 https://biointerfaceresearch.com/ 1678 

 

Figure 5. Interaction of Isopropylideneandrographolide with residues of 3EU7. 

  

Figure 6. Interaction of 14-acetylandrographolide with residues of 3EU7. 
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Figure 7. Interaction of 14-deoxy-11,12-didehydroandrographolide with residues of 3EU7. 

Table 3. Results of Bioavailability prediction of the selected compounds.  

Compound Biological activity Pa Pi 

Isocolumbin Antineoplastic 0.882 0.005 

19-O-acetyl-14-deoxy-

11,12-

didehydroandrographolide 

Antineoplastic 0.904 0.005 

Isopropylideneandrographol

ide 
Antineoplastic 0.954 0.004 

14-acetylandrographolide Antineoplastic 0.959 0.004 

14-deoxy-11,12-

didehydroandrographolide 
Antineoplastic 0.914 0.005 

3.2. Pa- the probability that the compound is active and Pi- the probability that the compound 

is inactive. 

The compounds which passed the Lipinski test were virtually screened using AutoDock 

and results are reported in Table 2. The top five hits with binding energy less than or equal to 

-7.49 kcal/mol were selected for bioavailability prediction, which results have been shown in 

Table 3. Drug likeness of these five hits was also evaluated using SWISSADME and the results 

are given in Figure 2. Figure 2 demonstrates that these five hits possess high drug-likeness as 

all of these compounds show ADME properties under the range of standard oral drugs. Results 

in Table 3 predict the biological activity of these hits. For a molecule to be biologically active, 

its Pa should be greater than Pi and all the five hits satisfied this condition. As reported by 

Baseer et al., [28], the amino acid residues which show interaction in BRCA2 are TYR1064, 

PHE1071, LEU1092, TYR1108, LEU1142, and LEU1143, with PHE1071 being the most 

important one. The top five hits identified in this study also show interaction with these 

residues, as depicted in Figure 3-7, emphasizing the relevance of these natural compounds. In 

all of these compounds, pi-alkyl interaction was majorly found in between the ligand molecule 

and PHE1071. Interaction with other residues is also quite similar in these hits, demonstrating 
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the importance of these interactions as all of these molecules have relatively better binding 

energy and constant inhibitory values. 

4. Conclusions 

 Many researchers have explored BRCA2 and various drugs have been reported for the 

treatment of breast cancer manifestations with BRCA2 complexities. Side effects of the 

reported drugs, a resurgence of the tumor and resistance to the chemotherapy regime are some 

reasons for the ongoing research for the development of new compounds to tackle these issues. 

Natural products could answer these problems; therefore, in this study, the top five hits which 

we have identified after the Lipinski test, virtual screening and bioavailability prediction can 

further be analyzed in MD simulations and could serve as promising lead molecules which 

could be optimized and finally tested in clinical settings for their efficacy and safety.  
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