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ABSTRACT 

This study analysed the molecular docking of the SilverOxide Nanoparticles (Ag2O-NPs) synthesized from 

the novelmedicinal plant Lagerstroemia indica.The formation of Ag2O-NPs was observed at a peak of 446 nm 

by the Ultraviolet-Visible (UV-Vis) spectrophotometerand the particle size was found to be9.98 nmby the X-

Ray Diffraction (XRD) spectroscopy. Spherical-shaped NPs were detected from the Scanning Electron 

Microscope (SEM) images and the compound purity was observed from Energy Dispersive Spectroscopy (EDS) 

analysis. The weight percentage of Ag and O were found to be73.64 and 26.36,respectively. The atomic 

percentage of Ag and O were 29.29 and 70.71,respectively. The molecular docking of Caspase-3 was performed 

to determine the binding affinities of the Ag2O-NPs which helps in analysingthe apoptoticpotentialon human 

cancer cell lines. 
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1. Introduction 

Cancer is one of the fearful disease, the principal cause of many deaths [1], always endup in compromised 

immune system [2-5]. The introduction of Nanotechnology hassignificantly enhanced the therapeutic efficacies 

[6-8] by bringing out the new self-assembled Nanoparticles (NPs) with negligible side effects which helps with 

an improved survival rate among cancer patients [9]. These nanomaterials (1-100 nm in sizes) are target-

specific, can be encapsulated with other drugs and avert early degradation of drugs[10]. Amng other metal 

oxides, Silver oxide (Ag2O) has unique optical and thermal properties that are incorporated into products like, 

conducting ink, fillers and pastes for their high electrical conductivity and stability [11]. Ag2Oisalso used in the 

field of  molecular diagnostics and photonic devices [12], in antibiotics [13],  anticancer therapies [14], 

cosmetics [15], etc.So, in this study the crystallographic structure of Ag2O was selectedas a ligand from Protein 

Data Base (PDB) for the proposed docking study. 

Molecular docking is a method which helps in the prediction of the appropriate confirmation, affinity and 

activity of a molecule to a targeted protein[16, 17]. It is a computational simulationbetween aligand and a 

proteinto achieve an energetic interaction [18, 19]. The modelobtained from this interaction is used to forecast 

the binding sites of protein[20, 21]. After the ligand and protein retrieved from the PDB [22, 23], the 3D 

structure of was drawn with the help of Chemsketch software and optimized by AutoDock open-source software 

[24]. In this study, the synthesized Ag2O-NPs has been used as the ligand and Caspase-3 (inhibitor isatin 

sulfonamide) was considered as the protein which was retried from PDB.  
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Apoptosis plays a key role in the normal growth and development of cells [25]. It is a programmed cell 

death which serves in the removal of unwanted cells and helps in smoothly carrying out the internal 

physiological functions. This mechanism functions by damaging the DNA, through cytokine deprivation [26] 

and by inducing death signals to cytotoxic T-cells from the immune system to all types of cells [27]. Once 

apoptosis is triggered, the activation of caspases will be activated which cleave irregular cell components for 

proper cellular functions [28]. Caspases are cysteine-aspartyl-specific proteases which are essential for apoptosis 

and encoded by CASP3 gene [29]. The catalytic sites include Cys-285, His-237, Gly-238 [30]. Caspases are 

used to prefer the peptide sequence of Asp-Glu-Val-Asp-Gly [31]. Caspase inhibitors are also known to target 

cell death. Isatin sulphonamides are potent and non-peptide Caspase-3 inhibitors [32]. 

In this study, theAg2O-NPs has been synthesized from L. indicaand the synthesized NPs has been 

characterized by various analytical methods. The 3D crystal structure of Caspase-3 complexed withisatin 

sulfonamide has been retrieved from PDB. It was docked with the synthesized Silver Oxide Nanoparticles 

(Ag2O-NPs) as ligand to studyits anti-cancer potential. 

2. Materials and Methods 

2.1. Materials 

In this work, the leaves of L. indica were selected and identified by the Herbarium of Botany Department, 

Garden City University (GCU), Bangalore.Silver Nitrate (AgNO3),Deionized Water (DW) and ethanolwere 

procured from M/s Merck, Indiafor the synthesis of Ag2O-NPs. 

2.2. Preparation of Plant Extract 

The collected healthy leaves were washed with DWand dried for a couple ofweeks. The dried leaves were 

powdered and 3 g ofthe powdered extract mixed with 125 ml DW. After the solution was boiled at 70°C, it was 

cooled at room temperature and the solution was filtered. The filtrate was kept in a flask for further experimental 

needs. 

2.3. Synthesis of Silver Oxide Nanoparticles 

In a 250 ml flask, 90ml of 1 mM AgNO3was added with 10 ml aqueous leaf extract. The solution 

wascovered with aluminum foil to avoid photo-degradationand kept in a magnetic stirrer for 1 hour at 500 rpm. 

It was again kept under probe sonicator considering the following parameters, Pulse on: 50, Pulse off: 10 and 

Amplitude: 50% for 15 minutes, followed by magnetic stirrer at 400 rpm for 15 minutes. With the reaction, the 

color of the mixture changed from colorless to pale yellow to dark brown. The dark brown coloration confirmed 

the formation of Ag2O-NPs. 

2.4. Characterization of Silver Oxide Nanoparticles 

The obtainedAg2O-NPs were characterized in the absorption range of350–500 nm inUltraviolet-

Visible (UV-Vis)spectrophotometer. The X-Ray Diffraction (XRD)Spectroscopy determined the particle size 

using CuKα radiation at ambient temperature and the shape of the particle was analyzed from Scanning Electron 
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Microscope (SEM). The elemental analysis of the compound Ag2O was obtained from Energy Dispersive 

Spectroscopy (EDS). 

2.5. Molecular Docking Analysis of SilverOxide Nanoparticles 

Molecular docking is acomputational tool to define an appropriate configuration between the drug and a 

protein. In thisanalysis, the crystal structure of Caspase-3 was retrieved from the PDB and its three-dimensional 

(3D) structure wasconstructed using the AutoDock module. Then, the active pocketsite residues was 

constructed.Also, the 3D structure of the ligand was also prepared using Open Babel 2.4.1 and saved as pdb file 

format. Using CHARMM simulation module, theinteraction energy score was achieved from the 

interactionofLigand-Protein complex. In future, thehighest interaction energy score can betakeninto 

consideration whichwill be used in the prediction of physiological affinities of a molecule to a target protein for 

therapeutic approach towards anti-cancer agent. 

3. Results and Discussion 

3.1. Characterization of Ag2O-NPs 

The formation of Ag2O-NPs was confirmed at absorbance of 446 nm by the UV-Vis spectrophotometer 

(Fig.1).The diffraction peaks obtained from XRD analysiscompletely coordinated with the available JCPDS 

card No. 03-0921 (Fig. 2).These diffraction peaks (2 ) indicates that the synthesized Ag2O-NPs have Face-

Centered Cubic (FCC) structure of crystalline in nature.  

  

Fig.1. UV-Vis spectroscopy of Ag2O-NPs. Fig.2. XRD analysis of Ag2O -NP 

 

From the graph, the 2  values of 32.21
0
, 38.14

0
, 46.35

0
, 64.415

0
 and 77.29

0
can be indexed with (1 1 0), (1 

1 1), (2 0 0), (2 2 0) and (3 1 1) planes.Using Debye–Scherrer’s formula,  

       (1) 

the crystallite size (D) calculated was 9.98 nm where,  Bragg’s diffraction angle,(0.89) Scherrer’s constant, 

 wavelength of X-rays, and (d) Full Width at Half Maximum of 2 . From Fig. 3(a) of SEM 

images,it was observed that most particles were aggregated in one place and found to be spherical in shape. 
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From the EDS micrograph in Fig.3 (b), the weight percentage of Ag and O were obtained as 73.64 and 26.36, 

respectively. The atomic percentage of  Ag and O were 29.29 and 70.71, respectively. 

  

(a) (b) 

Fig.3. (a) SEM and (b) EDS images of Ag2O-NPs 

3.2. Molecular Docking Analysis 

3.2.1. Protein Preparation 

Using AutoDocktool, the crystal structure of Caspase-3 along with the inhibitor (isatin sulfonamide) was 

retrieved from PDB at 2.8 A° resolution (Fig.4).Molecular weight of the protein was found to be 27,375.2 from 

the received data. Thetotal number of amino acid residues was found to be 238 andthe aminoacid chain named 

as AB.In the next step,water molecules were removedusing clean protein protocol, polar and non-polar 

hydrogen atoms were added, Gasteiger charges wasfigured and finally, the file was saved as pdbqt file (Fig.5). 

From the protein preparation, -14311.70998 kcal/mol of the potential energy, -1762.12583 kcal/mol of Vander 

Waals energy and Root Mean Square (RMS)energy of 0.96320 kcal/mol were obtained. WithSmart Minimizer 

algorithm, the energy is minimized to 1000 steps and RMS gradient energy is reduced to0.1. 

 
 

Fig.4. Caspase-3 complex with isatin sulfonamide 

inhibitor 

Fig. 5. Prepared Protein structure 
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3.2.2. Preparation of Ligand 

Using ACD/ChemSketch of 12.0,the2D structure of Ag2O was drawn in mol.file format and with the help 

of Open Babel 2.4.1, it was converted to a 3D structure and saved as pdb file format. The water molecules were 

removed, hydrogen atoms were added, torsion was defined and the Gasteiger charges were added (Fig. 6). 

 

Fig.6. Prepared structure of Ligands 

3.2.3. Binding Sites on Protein 

In Fig.7, the binding sites of the protein were identified by Define and Edit Binding Site tool. The best 

active binding sites were identified and docked with the ligand Ag2O. The binding sites identified were: MET61 

ARG207 LYS57 SER205 SER58 PHE256 TRP206 GLY122 TYR204 HIS121 CYS163 

 

Fig.7. Binding sites of 1gfw 

3.2.4. Molecular Docking Result 

Using AutoDock 4.2.6, the docking ofligandwas performedinto the protein (Caspase-3) binding sites(as 

shown in Fig.8)to determine the affinities of the complex formed.The complex achieved ahigh interaction 

energy of 0.9 kcal/mol and a binding energy of -0.96931 kcal/mol. 
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Fig.8. Protein-Ligand interaction 

4. Conclusion 

This study analysed the molecular docking of the apoptotic Caspase-3 with the synthesized silver oxide 

nanoparticles (Ag2O-NPs) from the novel plant, Lagerstroemia indica.The formation of Ag2O-NPsat a peak of 

446 nm was observed by UV-Vis spectroscopy. The SEM images confirmed the spherical-shapedNPs and the 

purity of Ag2Ocompound was determined by EDS micrographs. The crystallinity of NPs was found to be Face-

Centered Cubic (FCC) structure by XRD analysis and the average crystallite size was calculated as9.98 nm. The 

docking analysis of Ag2Owith Caspase-3 has been achieved with -0.96931 kcal/molbinding energy. Thus, the 

present study suggests the use ofAg2O-NPsas a potent drug against various cancer diseases by targeting the 

apoptotic pathway. 
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