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Abstract  

Retinoblastoma is a malicious intraocular tumour common in children, accounting for around 

4% of all childhood cancers. Light is detected by the retina, a thin layer of nerve cells, which 

then transforms it into nerve signals that are sent to the brain through the optic nerve. The 

incidence of the retinoblastoma is due to the biallelic deletion of the RB1 gene as well as 

other genetic and epigenetic changes that leads to cancer growth. The absence of RB1 causes 

retinoblastoma cells highly vulnerable to malignant transformation. Chemotherapy has 

improved treatment outcomes, and novel ways of targeted medication delivery have made it 

possible to preserve the globe. However, more effective and less toxic molecularly targeted 

therapies are required.Brassica oleracea L. var. italicahas acquired recognition as 

nutraceutical foods due to their high quantities of bioactive components such as 

glucosinolates, polyphenols, carotenoids, minerals, vitamins. Brassica oleracea L. var. italica 

has antitumor potential against a variety of malignancies. This work identifies the potent 

inhibitors of CDK4 (3G33) for the treatment of retinoblastoma. 

Keywords:Retinoblastoma, RB1 gene, active compounds, Moringaoleifera, Brassica 

oleraceaL. var. italica, in silico studies. 

1. Introduction 

Retinoblastoma is a type of cancer that is identified in the children under the age of three and 

affects about 1 in every 16,000 live births. The retina is a thin layer of nerve cells that 

converts light to nerve signals which are sent to the brain through the optic nerve 

(Kaewkhawet al.,2020). Retinoblastoma is regarded the paradigm of heritable tumors 

because of the apparent linkages between clinical care and genetic causes. In foetuses, 

newborns, and young children, retinoblastoma develops when RB1 gene, which typically 

subdues retinoblastoma, are lost from a growing retinal cell. It can affect one (unilateral) or 

both (bilateral) eyes, and it's linked to a midline brain tumour in 5% of children with heritable 

retinoblastoma (H1). Retinoblastoma is most likely caused by a growing cone photoreceptor 

precursor cell that has lost both alleles of the RB1 tumour suppressor gene and is stuck in the 

inner nuclear layer of the retina, unable to migrate to the outer retina and function normally 
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(Solimanet al.,2017). Only retinoma, a benign precursor to retinoblastoma, is caused by loss 

of both RB1 alleles, and other genes are altered to trigger cancer progression (Naruet 

al.,2017). The first incidence of a tumour is the development of a white pupillary reflex 

known as leukocoria, followed by the misalignment of eyes (strabismus). The eye(s) of some 

of the childrens who are afflicted can become red, painful and uncomfortable (Al-

Nawaisehet al.,2014).The majority of cases (60 %) are non-hereditary retinoblastoma, with 

both RB1 alleles locally altered in the afflicted retina.A RB1 germ line-predisposing variation 

and later somatic inactivation of the other allele are linked to hereditary retinoblastoma (40 

%).Retinoblastoma is a treatable cancer with a good chance of ocular survival if diagnosed 

early, but it is always fatal if left untreated. If treatment is delayed, tumours progress, 

obstructing eyesight and posing a danger of metastasis (Shields et al.,2006; YousefYAet 

al.,2017). The protein cyclin dependent kinases (CDKs) regulate cell cycle progression in 

eukaryotic cells. To regulate cell-cycle checkpoints, CDKs work with proteins called cyclins. 

To divide and replicate, cells must go through the four phases of the cell cycle: G1, S phase 

(DNA synthesis), G2, and M phase (mitosis). (Shapiro et al.,2006) CDK4 is a major 

regulator of the G1–S transition. The retinoblastoma (Rb) protein is phosphorylated by 

Cyclin D1 (CCND1), which forms a complex with CDK4 and inactivates it. Rb-mediated 

repression of the transcription factor E2F, which commits the cell to progression through the 

cell cycle, is relieved as a result. Although the CDK4/cyclin D1 complex is assumed to 

primarily regulate Rb, current research has revealed the transcription factor FOXM1 as 

another possible phosphorylation target. However, the therapeutic implications of this 

transcription factor are still unknown.(Dickson et al.,2014) Ser/Thr kinase in cyclin D-CDK4 

(DC) complexes regulate the cell cycle during the G1/S transition and it phosphorylates 

members of the retinoblastoma (RB) protein family, including RB1. Phosphorylation and 

inactivation of pRb results in the activation of E2F target genes, which aids cell cycle 

progression through the G1 phase, eventually leading to retinoblastoma.(Sivashanmugamet 

al.,2013). Natural substances have an advantage over chemical antagonists in that they are a 

safer alternative with fewer/no adverse effects. This is an in silico study to see whether plant-

based therapeutic molecules have the ability to bind to CDK4 and can be used in the 

treatment of retinoblastoma. 

Brassica oleracea L. var. Italica 

Brassica oleracea L. var. Italica is a cabbage-like green plant with large flowers that is used 

as vegetable. (Mirajet al.,2016). Broccoli seedlings were found having high phytochemicals 

that promote health, such as nitrogen-sulfur derivatives (glucosinolates and isothiocyanates), 

minerals (selenium, potassium, and manganese), polyphenols (chlorogenic and sinapic acid 

derivatives, and flavonoids), and vitamins (A, C, K, and B6).(Le TNet al.,2020) According to 

existing research, eating broccoli sprouts and microgreens as part of a dietary serving 

improves human health and lowers the risk of chronic diseases. In recent years, the anti-

cancer and anti-oxidant effects in particular have been extensively researched. Furthermore, 

human studies have shown that broccoli seedlings have the ability to act as a preventive agent 

against a variety of cancers and other disorders.(Ravikumaret al.,2015) 
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2. Materials and Methods 

Macromolecule selection and preparation 

The target protein cyclin dependent kinase-4 (PDB ID- 3G33), retrieved from Protein Data 

Bank (PDB) (http://www.rcsb.org). PDB is the global repository of empirically confirmed 

three dimensional structures of proteins and their complexes. A four-character PDB 

identification is assigned to each archival record. The PDB archive offers detailed 

descriptions of crystallographic, NMR, and 3DEM structural models.(Burley SKet 

al.,2017)The protein (Id 3G33) was found to be a heterotetramer with similar A and C chain, 

B and D chains respectively. Only chain A and B were docked. The protein was prepared by 

removing the water molecules and adding KollmanandGasteiger charges using Autodock 

tools from MGL Tools package http://mgltools.scripps.edu/. (Sastryet al.,2013) 

Active compounds identification 

Active compounds in Brassica oleraceawere identified from literatures. Sixteen compounds 

namely: Butyl isothiocyanate, Gluconapin, Glucocochlearin, Glucoiberverin, Glucosativin, 

Glucoerucin, Gluconasturtiin, Butyronitrile, Allylisothiocyanate, 2-methyl-2-nitropropane, 

Iberin, Indole-3-carbinol, Indole-3-carboxylic acid, indole-3-acetic acid and Isorhamnetin 

was selected based on their medicinal properties and was used in the docking studies. The 

molecular docking study was carried out against the control drug Carboplatin, prescribed for 

the retinoblastoma patients. The structure of ligand and the Carboplatin was taken from the 

Pubchem(https://pubchem.ncbi.nlm.nih.gov). The structure of active compounds in SDF 

format was taken from PubChem and the structure was changed to PDB format using 

PyMOL software. Substance, Compound, and BioAssay are the three databases that 

PubChemorganises its data into. Depositor-contributed descriptions of chemical substances 

are included in the Substance database. The Compound database stores chemical structures 

that have been retrieved from the Substance database via structural standardisation. The 

BioAssay database offers information about biological assay experiments as well as their 

outcomes. (Kim Set al.,2019) 

PyMOL, a cross-platform molecular graphics programme, used to visualise proteins, tiny 

molecules, nucleic acids, surfaces, electron densities, and trajectories in three dimensions. 

PyMOL is currently one of the most extensively used macromolecular 

visualisationprogrammes. (Yuan Set al.,2017). The structure and the therapeutic applications 

of the ligands are given in Table 1 

Prediction of drug-likeliness property in the active compounds 

The Drug like ability of all the active compounds was tested using Molinspiration server. 

(https://www.molinspiration.com). Drug-likeness property is a concept that helps with 

pharmacokinetic and pharmacological properties like solubility, chemical stability, 

bioavailability, and distribution profile optimization.(Ursu et al.,2011). Bioavailability issues 

may arise if molecules fail to meet more than one of these 

requirements.(https://www.molinspiration.com/services/properties.html) 

CASTp for Active site prediction 

The active site of the target protein was predicted using CASTp server 

(http://sts.bioe.uic.edu/castp) and the pocket regions of the protein, Cyclin dependent kinase-

http://www.rcsb.org/
http://mgltools.scripps.edu/
https://pubchem.ncbi.nlm.nih.gov/
https://www.molinspiration.com/
https://www.molinspiration.com/services/properties.html
http://sts.bioe.uic.edu/castp
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4 (PDB ID- 3G33) was identified. The CASTp web service intends to give a thorough and 

detailed quantitative analysis of protein’s surface pockets and interior voids, which are 

significant concave regions typically involved with binding processes. CASTp locates all 

pockets and voids in a protein structure and delineates the atoms involved in their production 

in detail. (Binkowski et al.,2003) 

Molecular Docking and Visualization 

The major tool employed in computer assisted drug design is Molecular docking. Molecular 

docking programmes use a search technique that determines the conformation of the ligand 

repeatedly until it converges to the minimal energy. Finally, the sum of the electrostatic and 

van der Waals energies is used to rank the candidate postures using an affinity scoring 

function, G [U total in kcal/mol]. (NSet al.,2017) The computational tool, Autodock 4.2 is 

used for the docking of the ligands to the proteins. AutoDock uses a Lamarckian genetic 

algorithm to predict ligand conformation (Rizviet al.,2013). The ligand-protein interaction 

with the least negative ∆G implies a strong binding and desirable conformation. (Africa et 

al.,2018). The graphical user interface, Discovery studio Visualizer, was used to see docked 

structures in 2D and 3D.Accelrys Discovery Studio Visualizer is a free programme for 

visualising macromolecule-ligand interactions. Small molecules and large macromolecules 

are studied using this software. (Jejurikar et al.,2021) 

3. Result and Discussion 

Retinoblastoma is the most prevalent type of paediatric eye cancer and is fatal it is not 

treated. According to predictions, the majority of retinoblastoma incidences occur in Asia (53 

percent), followed by Africa (29 percent), Latin America (8 percent), North America (3 

percent), and Europe (3 percent) (6 percent). Globally retinoblastoma survival rate is around 

30% (Ancona-Lezama et al.,2020) Every year, roughly 1500 new cases are reported in 

India, accounting for 33% of the global burden and a mortality rate of up to 24%. (Beniwal et 

al.,2022). The statistics show a dire need for the timely detection, treatment of retinoblastoma 

with minimal side effects and optimization of the vision in the low-and-middle-income 

countries (LMICs). 

Cycle-independent kinases 4 and 6 (CDK4 and CDK6) and their activation partner, type D 

cyclins, connect the outside environment to the inner cell cycle mechanism. Continuous 

activation of cyclin D-CDK4 / 6 is the driving force behind tumorigenesis in several types of 

cancer. New CDK4/6 inhibitors have been identified and are now being studied in preclinical 

and clinical studies for the treatment of several cancer types. (Fassl et al.,2022)   

16 plant phytochemicals with therapeutic ability were chosen to inhibit CDK4 (PDB ID- 

3G33) in this study. Pubchem was used to determine the structure of these ligands (Table 1). 

CDK4's structure was acquired from the Protein Data Bank (PDB). PyMol was used to 

eliminate any excess chains and water molecules from the proteins, and the final protein file 

was saved as a PDB file (Figure 1). The pharmacological potential of all the ligands was 

assessed using Lipinski's rule of five for in silico study of plant compounds. The molecular 

properties of the ligands in the Lipinski's rule were studied using the Molinspiration website. 

The molecular weight, number of hydrogen donors, acceptors, and lipophilicity of the ligand 

molecules are among the results.Out of the 20 compounds studied, 16 compounds cleared 
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Lipinski’s rule of five.ProgoitrinGlucoiberin, Neoglucobrassicin, Tannic acid showed 

violations; hence, the compound was eliminated from further docking analysis.  Table 2 

shows the Lipinski characteristics of plant Brassica oleraceaL.var. Italica.Active site pockets 

in CDK4 (PDB ID- 3G33) was determined using CASTp (Figure2). CASTp is a web-based 

tool to determine the amino acid residues in the active pocket of the proteins. CASTp results 

are depicted in Figure 3 for 3G33(chain A) and Figure 4 for 3G33(chain B).CASTp was used 

to find active site pockets in CDK4 (PDB ID 3G33) (Figure2). CASTp (Computed Atlas of 

Surface Topography of Proteins) is an online tool to determine the catalytic amino acids in 

proteins (Tian et al.,2018). Figure 3 shows the CASTp results for 3G33(chain A) and Figure 

4 shows the CASTp results for CDK4 (chain B).The active site amino acids and their 

locations based on CASTp results are shown in Table 3 for CDK4 (chain A and chain B).All 

16 compounds were docked and their binding potential with CDK4 Chain A and Chain B was 

analysed using Autodock4.2.AutoDock, a computational tool was created to give a method 

for predicting small molecule interactions with macromolecular targets that can quickly 

distinguish between compounds with micromolar and nanomolar binding constants and can 

frequently rank compounds with smaller affinity differences. (Rizvi et al.,2013)Tables 4 and 

5 show the binding energy, number of hydrogen bond interactions, and amino acids involved 

in the interactions for CDK4(chain A) and CDK4(chain B) respectively. 

Isorhamnetin, a monomethoxyflavonol ligand, has the lowest binding energy of −6.59 

kcal/mol among the molecules docked with CDK4, Chain A. ALA167, SER171, TYR22, 

THR177, ALA175, LEU176, and TYR170 are the seven hydrogen bonds formed.(Fig.5)The 

expression of AKT2 mRNA, miR-1, and miR-3163 are up-regulated by the Isorhamnetin. 

(Matboli et al.,2021) The miR-3163 plays a variety of roles in various types of illness and 

malignancies. In retinoblastoma cancer stem cells, it can alter proliferation, apoptosis, and 

drug resistance. (Jia et al.,2016) Indole-3-acetic acid, an isothiocyanate (ITCs) had a good 

binding energy of −6.29 kcal/mol and had a hydrogen bond interaction with the ALA21, 

THR177, and LEU176 (Fig.6). ITC induces Kelch-like ECH-associated protein 1 (Keap1) 

and nuclear factor erythroid 2-related factor 2 (Nrf2) in the ARE (antioxidant response 

elements) pathway, which protects normal cells from oxidative stress by stimulating 

chemoprotective genes (NQO1) (Baoet al.,2014) Indole-3-carbinol and Indole-3-carboxylic 

acid resulted in the binding energy of −6.00 kcal/mol and −6.13 kcal/mol having H-bond 

interaction with, LEU277, LEU234, ARG260 and ARG10, TYR11, THR95 

(Fig.7)respectively. All the other compounds including, Butyl 

isothiocyanate,Gluconapin,Glucocochlearin,Glucoiberverin,Glucosativin,Glucoerucin,Glucon

asturtiin,Butyronitrile,Allyl isothiocynate,2-Methyl-2-nitropropane and Iberinhad their 

binding energies lower than Carboplatin, which showed −5.38 kcal/mol. 

Whilst in the chain B of CDK4, Indole-3-acetic acid had least binding energy of −6.69 

kcal/mol, forming hydrogen bond contacts with ARG95, CYS47, and ARG50(Fig.8). The 

compound Indole-3-carboxylic acid had a binding energy of −6.37 kcal/mol (Fig.9). 

Glucoiberverin a Glucosinolates (GLS) showed a binding energy of −6.04 kcal/mol 

respectively. Indole-3-carbinol and Isorhamnetin gave a binding energy of −5.99 kcal/moland 

−5.49 kcal/mol. (Fig.10) The Glucocochlearin and 2-Methyl-2-nitropropane had binding 
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energy of−4.27 kcal/mol and −4.61 kcal/mol. The binding energies of all the other 

compounds were lower than that of the conventional drug Carboplatin, which measured 

−4.10 kcal/mol. 

 
Figure 1.Structure of Cyclin Dependent Kinase 

 
Figure 2.Active site analysis of amino acids of CDK-4 protein using CASTp 

Table1. The structure and the therapeutic applications of the ligands 
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S.no Compound Molecular 

Formula 

Structure Properties References 

1 Butyl 

isothiocyanate 

C5H9NS 

 

Anti-tumoral, 

Anti-

inflamatory, 

Neuroprotective,  

prevents 

oxidative stress 

and protection of 

skin. 

(Bao et 

al.,2014) 

2 Gluconapin C11H19NO9S2 

 

Anti -microbial, 

Antioxidant, 

Cytotoxicity, 

Anti-cancer.  

(Mainaet 

al.,2020) 

3 Glucocochlearin C11H21NO9S2 

 

Anti-

carcinogenic  

and Anti-

microbials 

(Deng et 

al.,2015) 

4 Glucoiberverin C11H20NO9S3

- 

 

Tumor growth 

inhibition, 

Anti-microbial 

(Al-

Gendyet 

al.,2016) 

5 Glucosativin C11H21NO9S3 

 

Cytoprotective,  

Anti-cancer,  

Anti-ulcer, 

diuretic, 

hepatoprotective. 

(Jaafaret 

al.,2019) 
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6 Glucoerucin C12H23NO9S3 

 

Anti-microbial, 

Bone Formation, 

Cholinesterase 

Inhibitory 

Activity. 

(Baoet 

al.,2014) 

7 Gluconasturtiin C15H21NO9S2 

 

Anti-fungal, 

Anti-microbial, 

Anti-bacterial. 

(Choi et 

al.,2017) 

8 Butyronitrile C4H7N 

 

Free radical 

scavenging and  

Anti-oxidant 

(Chaudhary

et al.,2014) 

9 Allylzsothiocyn

ate 

C4H5NS 

 

Anti-angiogenic, 

Anti-cancer 

activities. 

(Liu et 

al.,2018) 

10 2-Methyl-2-

nitropropane 

C4H9NO2 

 

Anti-oxidant and 

Anti-

proliferative 

activities. 

(Chaudhary

et al.,2014) 



In Silico Molecular Docking Approach of Brassica OleraceaL.Var.Italica-Phytochemicals against CDK4 in Retinoblastoma 

  Section: Research Paper 

 

1264 
Eur. Chem. Bull. 2023,12(4), 1256-1274 
 

11 Iberin C5H9NOS2 

 

Inhibition of cell 

proliferation, 

Anti-metastasis 

and Anti-

angiogenesis. 

(Pocasapet 

al.,2019) 

12 Indole-3-

carbinol 

C9H9NO 

 

Anti-

proliferative and 

Anti-

carcinogenic 

(Fujioka et 

al.,2016) 

13 Indole-3-

carboxylic acid 

C9H7NO2 

 

Activators of 

human adenosine 

monophosphate-

activated protein 

kinase (AMPK) 

and  

Acetylcholineste

rase inhibition 

activity. 

(Ryder et 

al.,2018 

and  

Melonget 

al.,2018) 

14 Indole-3-acetic 

acid 

C10H9NO2 

 

Anti-bacterial, 

Anti-fungal, 

Anti-oxidant, 

Anti-cancer and 

wound healing. 

(Chitraet 

al.,2017) 

15 Isorhamnetin C16H12O7 

 

Anti-

inflammatory, 

Anti-tumour, 

Anti-oxidation, 

cardiovascular 

and 

cerebrovascular 

protection 

(Gong et 

al.,2020) 

Table 2:  The Lipinski characteristics of plant Brassica oleraceaL.var. Italica. 
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Figure 3.The amino acids involved in formation of catalytic site of CDK4 (PDB ID- 3G33), 

chain A. Active site residues are indicated by letters that are highlighted in blue. 

S. No Compound LogP 
Molecular 

weight 

Hydrogen-

bond 

donor 

Hydrogen-

bond 

acceptor 

No. of 

violations 

1 Carboplatin -0.45 144.13 2 4 0 

2 
Butyl 

isothiocyanate 
3.04 115.2 0 1 0 

3 Progoitrin -4.24 389.4 6 11 2 

4 Gluconapin -3.12 373.4 5 10 0 

5 Glucocochlearin -2.92 375.42 5 10 0 

6 Glucoiberverin -4.43 406.48 4 10 0 

7 Glucosativin -3.18 407.49 5 10 0 

8 Glucoiberin -4.7 423.49 5 11 1 

9 Glucoerucin -2.97 421.51 5 10 0 

10 Gluconasturtiin -2.22 423.46 5 10 0 

11 Butyronitrile 0.94 69.11 0 1 0 

12 Allylisothiocyanate 2.25 99.16 0 1 0 

13 
2-methyl-2-

nitropropane 
1.28 103.12 0 3 0 

14 Iberin 0.88 163.27 0 2 0 

15 Indole-3-carbinol 1.43 147.18 2 2 0 

16 
Indole-3-

carboxylic acid 
1.66 161.16 2 3 0 

17 
Indole-3-acetic 

acid 
1.51 175.19 2 3 0 

18 Isorhamnetin 1.99 316.26 4 7 0 

19 Neoglucobrassicin -2.56 478.5 5 12 1 

20 Tannic acid 7.06 1701.2 25 46 4 
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Figure 4.The amino acids involved in formation of catalytic site of CDK4 (PDB ID- 3G33), 

chain B. Active site residues are indicated by letters that are highlighted in blue. 

Table3.CASTp provided a list of active site amino acids found in CDK4. 

Amino acid Position Amino acid Position 

Isoleucine 17 Glysine 23 

Valine 19 Aspartic acid 24 

Tyrosine 22 Arginine 26 

Glysine 23 Serine 30 

Serine 41 Leucine 31 

Leucine 65 Trptophan 63 

Glutamic acid 72 Valine 67 

Histidine 73 Glutamine 71 

Arginine 106 Cysteine 73 

Aspartic acid 134 Glutamic acid 74 

Asparagine 139 Threonine 116 

Lysine 147 Proline 118 

Phenylalanine 164 Lysine 123 

Glutamine 173 Isoleucine 126 

Methionine 174 Tyrosine 127 

Alanine 175 Histidine 158 

Threonine 177 Alanine 162 

Proline 178 Phenylalanine 163 

Tryptophan 243 

  
Table4.Docking analysis of plant compounds with 3G33, Chain A 

S. 

no 
Compound 

Binding 

Affinity 

kcal/mol 

Number 

of H2 

Bonds 

H2 bonds interaction 

residues 

Other interaction 

residues 

Number of 

polar and 

non-polar 

interactions 

1 Carboplatin -5.38 3 CYS83,ARG10,TYR11    - 3 

2 

Butyl 

isothiocyanate 
-4.19 

3 GLU72,LEU68,HIS73 

LEU65,PHE164,L

EU79 6 
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S. 

no 
Compound 

Binding 

Affinity 

kcal/mol 

Number 

of H2 

Bonds 

H2 bonds interaction 

residues 

Other interaction 

residues 

Number of 

polar and 

non-polar 

interactions 

3 
Gluconapin -3.88 

4 

ALA175,GLY23, 

LEU176, THR177 

MET174,TYR170

,PRO178,TYR22 8 

4 

Glucocochleari

n 
-3.57 

2 LYS230,LEU218 LYS216,CYS220 4 

5 Glucoiberverin -4.07 2 ARG260,VAL265 ARG214,LYS216 4 

6 
Glucosativin -2.56 

3 

SER171,ALA21, 

LEU176 GLN173,TYR170 5 

7 

Glucoerucin -3.44 

5 

ARG106,VAL19, 

THR117, 

LYS147,THR182 

LEU183,TRP184,

VAL180 8 

8 

Gluconasturtii

n 
-4.06 

1 LEU176 

ALA175,TYR170,

MET174,PRO178,

ALA21 6 

9 
Butyronitrile -4.02 

1 HIS73 

PHE164,LEU68,V

AL76 4 

10 

Allylisothiocy

nate 
-4.23 

- - 

LEU68,ARG78,V

AL76,PHE98 4 

11 

2-Methyl-2-

nitropropane 
-4.97 1 ARG10 

TYR11,CYS83,L

EU39 
6 

12 
Iberin -4.44 4 

ALA175,LEU176, 

THR177, TYR22 
TYR170,PRO178 6 

13 

Indole-3-

carbinol 
-6 3 

LEU277,LEU234,ARG

260 

ILE235,VAL262,

LEU278,VAL265 
7 

14 

Indole-3-

carboxylic acid 
-6.13 3 

ARG10,TYR11,THR9

5 

LEU39,PRO13,C

YS83 
6 

15 

Indole-3-acetic 

acid 
-6.29 3 

ALA21,THR177, 

LEU176 
TYR170,ALA175 5 

16 

Isorhamnetin -6.59 7 

ALA167,SER171, 

TYR22, 

THR177,ALA175,LEU

176, TYR170 PRO178 8 

Table 5.Docking analysis of plant compounds with 3G33, Chain B 

S. 

no 
Compound 

Binding 

Affinity 

kcal/mol 

No of 

H 

Bonds 

H bonds interaction 

residues 

Other interaction 

residues 

No. of direct 

contacts (polar 

and non-polar 

interactions) 

1 
Carboplatin -4.10 

3 

ARG50,PRO93,ARG

95                        - 3 

2 

Butyl 

isothiocyanate 
-3.94 

1 HIS158 

GLU69,GLU75,C

YS68 4 
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S. 

no 
Compound 

Binding 

Affinity 

kcal/mol 

No of 

H 

Bonds 

H bonds interaction 

residues 

Other interaction 

residues 

No. of direct 

contacts (polar 

and non-polar 

interactions) 

3 
Gluconapin -3.60 

4 

ARG87,ARG41,ARG

37,LYS149 LEU148 5 

4 Glucocochlearin -4.27 2 ARG87,ASP151 ARG41 3 

5 
Glucoiberverin -6.04 

5 

LYS147,ARG87,CY

S91,SER90,ARG41 LYS149 6 

6 
Glucosativin -3.43 

3 

ALA162,HIS158,GL

U74 GLU76 4 

7 Glucoerucin -2.98 2 ARG37, LYS147 LYS149 3 

8 
Gluconasturtiin -4.05 

3 

LYS53,GLN49,ILE5

2 HIS55,PRO54 5 

9 Butyronitrile -3.72 1 PHE78 LEU65 2 

10 

Allylisothiocyna

te 
-3.86 

- - 

GLU75,GLU69,C

YS73,PHE78 4 

11 

2-Methyl-2-

nitropropane 
-4.61 3 

ARG26,ASP24,GLN

25 
            - 3 

12 Iberin -4.99 1 ARG57 ASP86 2 

13 

Indole-3-

carbinol 
-5.99 4 

ARG57,CYS189, 

ASP192,PRO79 

ILE203,ALA190,

ALA157 
7 

14 

Indole-3-

carboxylic acid 
-6.37 4 

ARG50,PRO93,ARG

95,CYS47 VAL48 
5 

15 

Indole-3-acetic 

acid 
-6.69 3 

ARG95,CYS47,ARG

50 
VAL48,PRO93 5 

16 
Isorhamnetin -5.49 3 

ARG41,PRO40,MET

197 

PRO199,VAL39,

ARG37 6 

  
Figure 5.Binding analysis of Isorhamnetin with CDK-4(3G33), chain A and its interactions -

2D and 3D 
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Figure 6.Binding analysis of Indole-3-acetic acidwith CDK-4(3G33), chain A and its 

interactions -2D and 3D 

 
Figure 7.Binding analysis of Indole-3-carboxylic acid with CDK-4(3G33), chain A and its 

interactions -2D and 3D 

 
Figure 8.Binding analysis of Indole-3-acetic acid with CDK-4(3G33), chain B and its 

interactions -2D and 3D 
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Figure 9.Binding analysis of Indole-3-carboxylic acid with CDK-4(3G33), chain B and its 

interactions -2D and 3D 

 
Figure 10.Binding analysis of Isorhamnetin with CDK-4(3G33), chain B and its interactions 

-2D and 3D 

4. Conclusion 

The medications that are used to treat retinoblastoma have a variety of negative effects. As a 

result, finding novel drugs that target and treat retinoblastoma with minimal side effects is 

essential. Therapeutically active molecules from plant, Brassica oleraceaL.var.Italicawere 

investigated using Molecular Docking against CDK4. The phytochemicals namely, 

Isorhamnetin,Indole-3-acetic acid and Indole-3-carboxylic acid had a good binding affinity in 

both the chains A, B of the protein CDK4. As a result, further in-vitro investigations can be 

conducted on these compounds, for the development of a possible medication for the 

treatment of retinoblastoma tumours. 
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