
Contents 

 
Contents……. ........................................................................................................................ 1 

List of Figures ....................................................................................................................... 6 

List of Schemes ................................................................................................................... 13 

List of Tables ....................................................................................................................... 14 

Abbreviations....................................................................................................................... 15 

Preface……......................................................................................................................... 18 

Chapter 1 Introduction and Literature Survey ................................................................ 24 

1.1 Cancer ........................................................................................................ 24 

1.1.1 Traditional methods of killing cancer and their disadvantages .................. 24 

1.1.1.1 Surgery .................................................................................................... 24 

1.1.1.2 Radiotherapy ........................................................................................... 25 

1.1.1.3 Chemotherapy ......................................................................................... 25 

1.2 Biomaterials and its chronology ................................................................ 34 

1.3 Importance of Controlled Drug Delivery Systems/Vehicles in Cancer ..... 36 

1.3.1 Polymeric Drug Delivery Vehicles ............................................................ 40 

1.3.1.1 Dendriomers ............................................................................................ 41 

1.3.1.2 Transdermal Patches ............................................................................... 41 

1.3.1.3 Micelles ................................................................................................... 42 

1.3.1.4 Liposomes ............................................................................................... 43 

1.3.1.5 Polymeric Capsules ................................................................................. 44 

1.3.1.6 Polymeric Particles .................................................................................. 45 

1.3.1.7 Polymer Drug Conjugates ....................................................................... 45 

1.4 Mechanism of drug release via polymers................................................... 46 

1.4.1 Degradation ............................................................................................ 46 

1.4.2 Diffusion ................................................................................................. 47 

1.4.3 Swelling .................................................................................................. 48 

1.4.4 Stimuli-responsive release ...................................................................... 48 

1.5 Modes of drug delivery in Cancer treatment.............................................. 49 



2 
 

1.5.1 Intravenous ............................................................................................. 49 

1.5.2 Subcutaneous .......................................................................................... 50 

1.5.3 Intraperitoneal ......................................................................................... 50 

1.6 Strategies for polymer modification ........................................................... 50 

1.6.1 Grafting ................................................................................................... 50 

1.6.2 Atom transfer radical polymerization ..................................................... 52 

1.6.3 Reversible addition-fragmentation chain transfer polymerization ......... 53 

1.7 Polyurethane and its structural parts .......................................................... 54 

1.7.1 Chain Extenders ...................................................................................... 57 

1.7.1.1 Amino-acid as chain extender ................................................................. 58 

1.7.1.2 Peptide as chain extender ........................................................................ 58 

1.8 Objective .................................................................................................... 60 

1.9 Plan of Presentation .................................................................................... 61 

Chapter 2 Experimental: Materials Synthesis and Characterization Techniques ........... 66 

2.1 Materials ..................................................................................................... 66 

2.1.1 Synthesis of different Polymeric architectures for Controlled Drug 
Release .............................................................................................................. 67 

2.1.1.1 Synthesis of various Polyurethanes by varying the diisocyante units ..... 67 

2.1.1.2 Synthesis of Tryptophan-based Polyurethane  ........................................ 68 

2.1.1.3 Synthesis of Cystine-based Polyurethane ................................................ 69 

2.1.1.4 Synthesis of Glycine and its homopeptide-based Polyurethane  ............. 70 

2.2 Characterization Techniques ...................................................................... 71 

2.2.1 1H and 13C ............................................................................................... 71 

2.2.2 FTIR........................................................................................................ 72 

2.2.3 UV-VIS ................................................................................................... 73 

2.2.4 XRD ........................................................................................................ 73 

2.2.5 POM images ........................................................................................... 76 

2.2.6 Thermal analysis ..................................................................................... 77 

2.2.6.1 TGA-DSC ................................................................................................ 77 

2.2.7 Mechanical responses ............................................................................. 78 

2.2.7.1 UTM ........................................................................................................ 78 



3 
 

2.2.7.2 DMA ........................................................................................................ 78 

2.2.8 Morphological investigation ................................................................... 79 

2.2.8.1 SEM ......................................................................................................... 79 

2.2.8.2 BT-SEM .................................................................................................. 81 

2.2.8.3 TEM ........................................................................................................ 81 

2.2.8.4. AFM ....................................................................................................... 81 

2.2.9 Molecular Weight determination by GPC .............................................. 82 

2.2.10 Particle Size determination .................................................................... 82 

2.2.11 Swelling study and Degradation study .................................................. 83 

2.2.12 Contact angle measurement ................................................................... 83 

2.2.13 General method for determination of critical micelle concentration by 
UV-VIS spectroscopy ....................................................................................... 83 

2.2.14 Fluorescence spectroscopy .................................................................... 84 

2.2.15 Fluorescence imaging of samples .......................................................... 84 

2.3 In-vitro Drug Release ................................................................................. 84 

2.4 Molecular Docking..................................................................................... 85 

2.5 Cell Culture ................................................................................................ 85 

2.5.1 Cell Adhesion and imaging on Grey Filter............................................. 85 

2.5.2 MTT assay .............................................................................................. 86 

2.5.3 AOPI imaging ......................................................................................... 87 

2.5.4 Fluorescence images of materials inside the cell ................................... 88 

2.5.5 Cellular Uptake in healthy cell ............................................................... 89 

2.6 Antibacterial Assay .................................................................................... 89 

2.6.1 Preparation of Bacterial dilution (Micro broth dilution assay) .............. 89 

2.6.2 Preparation of sample dilution................................................................ 89 

2.6.3 Determination of minimum inhibitory concentration ............................. 89 

2.6.4 Determination of Bacterial ROS ............................................................ 90 

2.7 Animal studies ............................................................................................ 90 

2.7.1 Gelation study for localized treatment ................................................... 91 

2.7.2 Histopathology ....................................................................................... 91 

2.7.3 In-vivo Drug-Release/Biodistribution Study .......................................... 91 



4 
 

2.8 Statistical analysis ...................................................................................... 92 

Chapter 3 Modulation of Drug Release: Exploring the Influence of Diisocyanate Variants 
on Polyurethane Matrix........................................................................................................ 93 

3.1 Introduction .............................................................................................. 944 

3.2 Results and Discussion ............................................................................... 94 

3.2.1 Structure-Property correlation in various Polyurethanes ........................ 94 

3.2.2 Morphological investigation ................................................................... 97 

3.2.3 Mechanical and Thermal responses ........................................................ 99 

3.2.4 Varying Drug Release from the PU structure ....................................... 104 

3.2.5 Biocompatibility and in-vivo treatment efficacy .................................. 109 

3.3 Conclusions .............................................................................................. 112 

Chapter 4 Tryptophan based Polyurethane a Theranostic approach for Tumor killing and 
in-vivo toxicity study to check Localized treatment efficacy ............................................ 114 

4.1 Introduction .............................................................................................. 115 

4.2 Results and Discussion ............................................................................. 115 

4.2.1 Spectroscopic Characterization ............................................................ 115 

4.2.2 Crystallinity and Structure in correlation with Morphological 
investigation and Thermal properties .............................................................. 119 

4.2.3 Determining Critical Micelle Concentration from UV-VIS Spectroscopy
 122 

4.2.4 Sustained reléase of drug using varying PU structure .......................... 126 

4.2.5 Biocompatibility and in-vitro treatment efficacy ................................. 130 

4.2.6 Cellular Uptake in healthy cells along with fluorescence imaging in 
Cancer Cell ...................................................................................................... 136 

4.2.7 In-vivo release and gelation study to check localized treatment efficacy
 138 

4.3 Conclusion ................................................................................................ 142 

Chapter 5 L-cystine-based Polyurethane as a Drug Delivery Vehicle in Targeted Cancer 
Treatment and Biomedical Applications ........................................................................... 144 

5.1 Introduction .............................................................................................. 145 

5.2 Results and Discussion ............................................................................. 145 

5.2.1 NMR Spectroscopy............................................................................... 145 



5 
 

5.2.2 Spectroscopic Characterization in correlation with crystallinity and 
structural aspect .............................................................................................. 148 

5.2.3 Thermal behavior.................................................................................. 151 

5.2.4 Sustained reléase of drug using varying PU structure .......................... 154 

5.2.5 Biocompatibility and in-vitro treatment efficacy ................................. 159 

5.2.6 Antibacterial Assay .............................................................................. 165 

5.2.6.1 Determination of MIC .......................................................................... 165 

5.2.6.2 ROS Assay............................................................................................ 165 

5.3 Conclusion ............................................................................................... 170 

Chapter 6 Engineered Polyurethane with Glycine and its homopeptides: A biomimetic 
approach for targeted drug delivery in cancer therapy ...................................................... 171 

6.1 Introduction .............................................................................................. 172 

6.2 Results and Discussion ............................................................................. 173 

6.2.1 NMR Analysis ...................................................................................... 173 

6.2.2 Spectroscopic Characterization in correlation with crystallinity and 
structural aspect .............................................................................................. 175 

6.2.3 Thermal behavior.................................................................................. 178 

6.2.4 Sustained reléase of drug using varying PU structure .......................... 181 

6.2.5 Biocompatibility and in-vitro treatment efficacy ................................. 187 

6.3 Conclusion ............................................................................................... 193 

Chapter 7 Summary and Future Prospects ................................................................... 195 

References 199 

Patents, Publication, and Conferences ............................................................................... 218 

 

  


