
 

[ix] 
 

Contents 

 

Acknowledgment i-iii 

Declaration iv 

Certificate v 

Abstract vi 

List of Publications vii 

National & International Seminar attended viii 

Contents ix-xiv 

List of Abbreviations xv-xvii 

List of Figures xviii-xxii 

List of Tables xxiii-xxiv 

Chapter 1: Introduction 1-22 

1.1. Plant secondary metabolites 2-8 

          1.1.1. Flavonoids 4 

          1.1.2. Non-flavonoids 5 

          1.1.3. Applications of Phenolic compounds 7 

1.2. Interaction of Phenolic compounds with biological macromolecule 8 

1.3. Bioavailability of Phenolic compounds 10-12 

          1.3.1. Nanoparticle formation 10 

          1.3.2. Encapsulating systems 11 

          1.3.3. Metal complexation 11 

1.4. Aim and scope of the work 12 

1.5. References 14 

Chapter 2: Materials and Methods 23-38 

2.1. Introduction  24 

2.2. Materials 24 

2.3. Characterization Methods 25-35 

          2.3.1. Microscopic technique 26 



 

[x] 
 

          2.3.2. Spectroscopic techniques 26-35 

                    2.3.2.1. Dynamic light scattering (DLS) 26 

                    2.3.2.2. Fourier transform infrared (FTIR) 27 

                    2.3.2.3. Powder X-ray diffraction (PXRD) 27 

                    2.3.2.4. X-ray photoelectron spectroscopy (XPS) 28 

                    2.3.2.5. UV-Vis spectroscopy 28 

                    2.3.2.6. Steady-state fluorescence spectroscopy 29-32 

                                 2.3.2.6.1. Static quenching 30 

                                 2.3.2.6.2. Dynamic quenching 31 

                    2.3.2.7. Time-resolved fluorescence studies 32 

                    2.3.2.8. Steady-state fluorescence anisotropy 33 

                    2.3.2.9. Circular Dichroism (CD) studies 34 

          2.3.3. Calorimetric techniques 35 

2.4. Instruments used 35 

2.5. References 37 

Chapter 3A: Interaction of Sinapic acid with calf thymus DNA 39-70 

3A.1. Introduction 40 

3A.2.Chemicals and Reagents 42 

          3A.2.1. Preparation of Tris-HCl buffer stock solution 42 

          3A.2.2. Preparation of ct-DNA solution 42 

3A.3. Instruments 43-45 

          3A.3.1. Absorption spectroscopy 43 

          3A.3.2. Fluorescence spectroscopy 43 

          3A.3.3. Iodide quenching study 43 

          3A.3.4. Competitive displacement assay 43 

          3A.3.5. DNA melting experiment 44 

          3A.3.6. Viscosity measurement 44 

          3A.3.7. Circular dichroism spectroscopy 44 

          3A.3.8. Steady-state fluorescence anisotropy measurement 44 

          3A.3.9. Agarose gel electrophoresis 45 

3A.4. Software information: Theoretical studies (Molecular docking) 45 



 

[xi] 
 

3A.5. DNA binding studies 46-63 

          3A.5.1.UV-Vis absorption spectroscopy 46 

          3A.5.2. Steady-state fluorescence spectroscopy 47 

          3A.5.3. Evaluation of binding constant and thermodynamic parameters 51 

          3A.5.4. Competitive displacement assay 53 

          3A.5.5. Iodide quenching study 54 

          3A.5.6. DNA melting experiment studies 55 

          3A.5.7. Viscosity measurements 56 

          3A.5.8. Circular dichroism (CD) studies 57 

          3A.5.9. Fluorescence anisotropy 58 

          3A.5.10. Gel electrophoresis 59 

          3A.5.11. Molecular docking    60 

3A.6. Conclusion 63 

3A.7. References 65 

Chapter 3B: In vitro application of sinapic acid 71-94 

3B.1. Introduction 72 

3B.2. Subjects and reagents 75 

          3B.2.1. Subject selection 75 

          3B.2.2. Reagents 75 

3B.3. Instruments 75 

3B.4. Sample collection and preparation 75-79 

          3B.4.1. Isolation and irradiation of peripheral blood mononuclear cells 76 

          3B.4.2. MTT assay 76 

          3B.4.3. Cell cycle analysis 77 

          3B.4.4. Assay of Cell Necrosis 77 

          3B.4.5. Sialic acid assay 78 

          3B.4.6. Nitric oxide synthase activity assay 78 

          3B.4.7. Serum Amyloid A assay   78 

          3B.4.8. Assay of ROS scavenging activity assay 79 

                    3B.4.8.1. DPPH assay 79 

                    3B.4.8.2. ABTS assay 79 



 

[xii] 
 

          3B.4.9. Statistical Analysis 79 

3B.5. Results 80-88 

          3B.5.1. Steady-state fluorescence studies 80 

          3B.5.2. Evaluation of Binding Constant 80 

          3B.5.3. MTT assay 82 

          3B.5.4. Assay of cell cycle analysis 83 

          3B.5.5. LDH assay 84 

          3B.5.6. Sialic acid assay 85 

          3B.5.7. Radical scavenging assay (DPPH and ABTS assay) 86 

          3B.5.8. Serum amyloid A assay 87 

          3B.5.9. Nitric oxide synthase 87 

3B.6. Conclusion 88 

3B.7. References 91 

Chapter 4: Ni-Sinapic Acid Nanocomposite in the Selective Sensing of                                                                                                                                                                                 

Permanganate ions 

95-124 

4.1. Introduction 96 

4.2. Materials and Methods 98-99 

          4.2.1. Materials 98 

          4.2.2. Apparatus 98 

          4.2.3. Synthesis of sinapic acid based Ni-nanoparticles (Ni-SA NPs) 99 

4.3. Characterization 99-101 

          4.3.1. UV-Vis Spectroscopy 99 

          4.3.2. Fourier Transform Infrared Spectroscopy (FTIR) 99 

          4.3.3. Transmission Electron Microscopy (TEM) 99 

          4.3.4. Powder X-ray Diffraction Analysis (PXRD) 99 

          4.3.5. X-ray Photoelectron Spectroscopy (XPS) 100 

          4.3.6. Sensing Experiment 100 

          4.3.7. Isothermal Titration Calorimetric (ITC) Analysis 100 

          4.3.8. Interference Study 101 

          4.3.9. Analysis of natural samples 101 

4.4. Result and Discussion 101-119 



 

[xiii] 
 

          4.4.1. Visual observation 101 

          4.4.2. UV-Vis spectroscopy studies 102 

          4.4.3. FTIR analysis 103 

          4.4.4. TEM analysis 106 

          4.4.5. PXRD analysis 107 

          4.4.6. XPS analysis 109 

          4.4.7. Sensing 110 

          4.4.8. Sensing Mechanism 115-118 

                    4.4.8.1. ITC analysis 115 

                    4.4.8.2. XPS analysis 116 

          4.4.9. Interference 118 

          4.4.10. Analysis of natural samples 118 

4.5. Conclusion 119 

4.6. References 121 

Chapter 5: Interaction of Sinapic acid with β-casein (milk protein) 125-138 

5.1. Introduction 126 

5.2. Materials and Methods 126-127 

          5.2.1. Materials 126 

          5.2.2 Methods 127 

                    5.2.2.1. Fluorescence spectroscopy 127 

                    5.2.2.2. Assay of ROS scavenging activity (DPPH assay) 127 

5.3. Result and Discussion 128-134 

          5.3.1. Fluorescence spectroscopy 128 

          5.3.2. Radical scavenging experiment 134 

5.4. Conclusion 135 

5.5. References 136 

Chapter 6: Interaction of Gallic acid with calf thymus DNA 139-158 

6.1. Introduction 140 

6.2. Materials and methods 141-144 

          6.2.1. Materials 141 

          6.2.2. Methods 141-144 



 

[xiv] 
 

                    6.2.2.1. Steady state fluorescence studies 141 

                    6.2.2.2. Circular Dichroism (CD) studies 142 

                    6.2.2.3. DNA melting studies 142 

                    6.2.2.4. Viscosity measurement studies 143 

                    6.2.2.5. Potassium iodide (KI) quenching studies 143 

                    6.2.2.6. Competitive Displacement studies 143 

                    6.2.2.7. Steady-state fluorescence anisotropy studies 144 

                    6.2.2.8. Molecular Docking Studies 144 

6.3. Results and discussions 145-153 

          6.3.1. Analysis of steady state fluorescence studies 145 

          6.3.2. Iodide quenching study 146 

          6.3.3. Viscosity measurements 147 

          6.3.4. Circular dichroism (CD) experiments 148 

          6.3.5. Competitive displacement experiment 148 

          6.3.6. DNA melting studies 149 

          6.3.7. Fluorescence anisotropy 150 

          6.3.8. Molecular Docking Study 151 

6.4. Conclusion 153 

6.5. References 154 

Chapter 7: Summary and conclusion 159-161 

Chapter 8: Limitations and future scopes 162-163 

Annexures  

 


