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Preface 

The nexus of biopolymers, nanomedicine, and tissue engineering invites us to enter a 

world where the urgency of healing and the artistic quality of study collide in the always 

changing field of science. The pages that follow describe a story of creativity, accuracy, 

and the unwavering research for answers in the fields of wound healing and regenerative 

nanomedicine as we set out on our intellectual research journey. 

Chapter 1: Introduction and background 

We begin by delving into the complexities of biopolymers and investigating the exciting 

field of polymer nanoparticles, nanocapsules, and nanomedicines. Uncovering the many 

uses of nanoscale particles in tissue engineering, gas transport, nanomedicine, and 

immunological factors, the canvas widens to show a comprehensive analysis of the body 

of current work. This chapter lays out the background, highlighting key areas of unmet 

research need and developing goals to drive our search for solutions. 

Objectives of this Dissertation: 

Objective I: Synthesis of biopolymeric nanoparticles for enhanced skin regeneration. 

Objective II: Wound healing activity potentiation of PNAG NPs for enhanced skin 

regeneration. 

Objective III: Evaluation of biological activity of metal oxide antimicrobial nanoparticles 

for complex and bacteria infected wounds. 

Chapter 2: Materials and Experimental Procedures 

This chapter delves into the fundamental components of our study: the substances and 

procedures that gave rise to the unique biopolymeric nanoparticles. We show off the 

painstaking workmanship that goes into every step of our research process, from synthesis 

to characterisation, drug loading to release capabilities, and in vitro to in vivo 

investigations. Nitric oxide (NO) delivery research is already underway, providing a 

bright light for improved skin regeneration. 

Chapter 3: Results and Discussions 

Our laborious experiments are indicated by the complex brushstrokes in Chapter 3. A 

component of our research goals is revealed in each subchapter, ranging from the creation 

and testing of PNAG NPs for skin regeneration to the enhancement of wound healing 

with NO and the thorough biological activity analysis of metal oxides. A colourful display 
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of scientific investigation is created by the figures and discoveries that dance over these 

pages. 

Chapter 4: The Culmination - Summary, Conclusions, and Future Scope 

By the time this dissertation comes to an end, the synthesized PNAG NPs become the 

heroes in the story of wound healing. Their potential for topical applications in 

regenerative nanomedicine is indicated by their capacity to promote angiogenesis, 

decrease inflammation, and accelerate healing rates in vivo. The partnership with NO, 

included in SP NPs, demonstrates synergistic benefits that outperform conventional 

therapies, opening the door for adaptable formulations that may be used in a variety of 

wound types. 

Our adventure doesn't finish here, though. Metal oxides' biological activities reveal them 

as possible partners in the battle against microbial contaminated wound and diseases. 

These nanoparticles hold great potential for medicinal applications, cell compatibility, 

and antibacterial activities, opening up new research directions. 

The Future Awaits 

This dissertation serves as both a capstone and an inspiration for future endeavors. 

Researchers are encouraged to push the frontiers further by means of sophisticated 

delivery technologies, clinical trials, optimization tactics, and thorough mechanistic 

investigations. Successful regenerative nanomedicine incorporation into clinical practice 

requires smart technology integration, teamwork, and public awareness campaigns. 

We establish not only a basis in these pages, but also a vision that inspires, presents 

opportunities, and drives the search for revolutionary breakthroughs in wound care and 

therapeutic technology. This is a call to action for the scientific community to work 

together to shape the direction of regenerative nanomedicine, not simply a dissertation. 

The trip never ends, and there are countless opportunities. 
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Abstract 

Advanced wound healing research addresses severe clinical issues by developing novel 

treatments to optimize the process and reduce vulnerability to fatal microbial infections. 

Effective wound healing requires proficient orchestration between immune and biological 

systems. This study aimed to formulate poly(N-acryloyl glycine) nanoparticles (PNAG 

NPs) to enhance skin restoration. PNAG NPs, about c.a. 35 nm in diameter, were 

synthesized using mini-emulsion radical polymerization and incorporated into an 

ointment. TNF-α and IL6 levels in the PNAG nanoformulation treated group shifted from 

4.10 ± 3.18 to 5.17 ± 3.27 pg mL-1 and 11.93 ± 2.34 pg mL-1 to 10.33 ± 3.31 pg mL-1, 

respectively, indicating reduced inflammation while IGF-1 levels increased from 25.41 ± 

13.56 ng mL-1 to 64.22 ± 16.93 ng mL-1, correlating with enhanced angiogenesis and 

improved wound healing. PNAG NPs also facilitated coordinated cell proliferation, 

migration, anti-inflammatory responses, and simultaneous skin tissue regeneration 

without external synergistic factors. The cytocompatible and hemocompatible PNAG 

nanoformulation demonstrated 31% higher wound healing efficiency compared to the 

control group in vivo. 

Further, the regenerative potential of PNAG NPs was potentiated by harnessing the 

regenerative power of Nitric Oxide (NO) by the loading of NO donor [Sodium 

nitroprusside (SNP): a well-known NO donor]. The SNP loaded PNAG NPs are termed 

as SP NPs and can release NO in sustained manner for more than 24 hours, crucial for 

wound healing. SP NPs promoted significant proliferation (~300%) and migration of 

L929 cells. Haemocompatibility studies in isolated rat blood components confirmed the 

safety of SP NPs. The SP nanoformulation showed excellent angiogenic activity, non-

toxicity, and can closed wounds significantly faster (99.2 ± 1.0%) within 13.23 days than 

the control group (45.5 ± 3.8%) in vivo, demonstrating its clinical potential for tissue 

regeneration. 

Further, the metal oxide (ZnO, ZnO-CuO, ZnO-Ag2O, ZnO-SnO2) antimicrobial 

nanoparticles had been synthesized by keeping in mind that these will be applied in the 

treatment of complex infected skin wounds. Given the threat of antimicrobial resistance, 

nanoparticles were utilized for their properties. ZnO and its metal composites, including 

ZnO-CuO, ZnO-Ag2O/Ag, and ZnO-SnO2 NPs, showed excellent antimicrobial 

properties against various microbes. These nanoparticles have their particle size below 



 

10 nm, demonstrated mesoporous structures and nanocrystallinity, confirming their 

antibacterial activity in a dose- and time-dependent manner. Hemocompatibility 

assessments revealed low haemolysis, with ZnO-CuO exhibiting the lowest haemolytic 

nature. Cytocompatibility studies showed compatibility with L929 cells, particularly for 

ZnO and ZnO-SnO2 nanocomposites. Cell migration and proliferation evaluations in 

scratch wound healing model highlighted the superior performance of ZnO-SnO2, 

followed by ZnO, ZnO-Ag2O, and ZnO-CuO. ZnO-CuO nanocomposite showed the 

highest angiogenic potential evaluated in ovo, suggesting its potential application in tissue 

regeneration through wound healing. In our work PNAG NPs demonstrated efficacy in 

coordination of cellular response, anti-inflammatory actions, and angiogenesis which 

collectively accelerating the skin regeneration. Further, sustained NO release via SP NPs 

exhibited remarkable proliferation and migration capabilities, proving their clinical 

potential and metal oxide nanocomposites, especially ZnO-CuO, showed promising 

antimicrobial, hemocompatible, and cell-compatible properties, making them valuable 

for therapeutic wound healing applications. 


