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Synopsis Title: “Chemoradiation strategy using PEGylated gold 

nanoparticles anchored with Doxorubicin against oral cancer-A 

nanomedicine in vitro approach” 

Abstract: Squamous Cell Carcinoma (SCC) originating at oral cavity (OC) and oropharyngeal 

site both of these are separate entities which are included within the larger group of Head and 

Neck Squamous Carcinoma (HNSCC), which is the sixth most common form of cancer 

diagnosed worldwide. The aim of the present thesis is to develop and investigate more effective 

noble metallic nanoparticles which can serve as nanomedicine which is multifunctional, can 

also serve as nanotheranostics for intracellular drug delivery, radiosensitization and medical 

imaging. PEGylated AuNPs, Ag NPs and bimetallic Au-Ag NPs (BNPs) were prepared via one 

pot chemical reduction method where, PEG 600 was used as both reducing and capping agent. 

These PEG capped nanoconstruct were stable, with average hydrodynamic size being 

~50±5nm. PEGylated AuNPs, Ag NPs and bimetallic Au-Ag NPs were found to be cytotoxic 

against KB oral cancer cells and has reduced the viability in MTT assay. When these 3 different 

metallic NPs exposed to oral cancer cells, they efficiently enter cells into the cytoplasm, and 

subsequently enhance the radiation effect as demonstrated by in vitro radiosensitization with 

enhancement ratio of ~1.5 and 1.2 and 1.4 respectively at 4Gy X-rays irradiation by LINAC. 

This current study confirms the radiosensitization effect of Au PEG NPs Ag PEG NPs and Au-

Ag PEG NPs at 4Gy X-ray irradiation in (Oral cancer) KB cells. In phantom model, Au PEG 

NPs showed attenuated contrasting capacity higher compared to Ag PEG NPs, BNPs and 

clinically used CT imaging agent Omnipaque. This part of thesis showed that the Au PEG NPs 

is a better theranostics compared to Ag PEG NPs and BNPs. 

 

Doxorubicin is an effective chemotherapeutic used to treat a variety of cancers including solid 

masses and leukemia. Clinically, its mechanism of action involves the intercalation of double-

stranded DNA and the inhibition of important cellular replication enzymes. The Au Dox NPs 

and Au Dox PEG NPs nanoformulation was prepared using minimal chemicals and robust 

technique which is modified from literature survey. Doxorubicin reduces precursor of gold 

(Chloroauric acid) to form Au Dox NPs. PEG polymer is an FDA approved material with 

unprecedented advantage and biocompatible. PEGylation of NPs enhance circulation and 

evades immunogenic attack. Hence, Au NPs loaded with Dox and coated with PEG were 

synthesized. These two (Au Dox NPs and Au Dox PEG NPs) nanomedicines were compared 
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for their synergistic output in the chemoradiation strategy against oral cancers. The synergistic 

effect of the chemotherapy with radiation treatment was found to be higher in Au Dox NPs as 

the Dox loading was higher compared to Au Dox PEG. This was the major disadvantage found 

that Dox was attached by electrostatic adherence in Au Dox PEG NPs. The investigations 

described above help to advance the fields of nanotechnology, drug delivery and 

radiosensitization by first providing a robust doxorubicin loading on Au NPs and second by 

providing insights into the synergy of doxorubicin-gold conjugates in chemoradiation strategy. 

Together, these discoveries may influence future drug delivery research studies that utilize both 

doxorubicin and gold nanomaterials. 

 

1. Introduction 

Cancers of the oral cavity are a significant public health problem in India. The GLOBOCAN 

2020, India fact sheet reports, cancer of the lip and oral cavity ranks second and showed a huge 

increase of 114.2%. Use of tobacco, betel nut/areca nut and its products have a direct impact 

on general health leading to oral cancers. Also, Alcohol consumption and life style changes are 

etiological factors of various cancers. At clinical and research level several cost effective and 

sophisticated treatment strategies like surgery, radiotherapy, chemotherapy, immunotherapy, 

hormone therapy, and targeted therapy have been developed to treat different oral cancer types, 

despite this the 5-year mortality rate is high with poor prognosis and recurrence. These 

morbidity and mortality are mostly due to genetic complexity and late diagnosis of the disease. 

The existing anticancer therapeutics have several side effects and leading to therapeutic 

resistance like chemoresistance and radioresistance. In cases of oral cancer surgical excision 

poses the challenges of function, aesthetics and prosthetic rehabilitations. Nanomedicine- 

nanoparticles based anticancer avenue has shown potential in both channels diagnostics and 

therapeutics making them a robust nano theranostics. The following doctoral thesis explores 

the radiosensitization effect of gold, silver and bimetallic gold-silver nanoparticles which are 

coated by PEG polymer which is FDA approved, to treat KB oral cancer cell line invitro model. 

Also, exploring the CT contrast capacity of 3 using phantom model. Finally, gold-based 

nanomedicine which coated with PEG and loaded with Doxorubicin is used as agent in 

chemoradiation strategy in an invitro model. The following finding and results could serve as 

preliminary step and this can be translated to invivo and ex vivo model to understand 

therapeutic in tumour microenvironment. 
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2. Gaps in existing research 

i. The radiosensitization capacity of PEGylated noble metallic nanoparticles – gold and 

silver were not tested in oral cancer model. 

ii. Novel PEGylated bimetallic Au-Ag NPs synthesis by facile one pot method and 

radiosensitization potential of nanoalloy intermix was not tested in oral cancer model. 

iii. Chemoradiation strategy and efficiency of Dox loaded gold nanoparticles with 

PEGylation was not evaluated in oral cancer model. 

 

3. Objectives of the thesis work 

i. To design a novel bimetallic PEGylated gold-silver nanoalloy as a potential radiosensitizer 

against KB cell line. 

ii. To design one step synthesis technique for Au-Dox NPs and Au-Dox conjugated PEG 

polymer to achieve drug delivery in KB cell line. 

iii. To characterize synthesized NPs and evaluate the drug release pattern by dialysis method. 

iv. To test the chemoradiation potential of Au Dox NPs and Au Dox PEG NPs in KB cell line. 

 

4. Results and discussion 

4.1. Chapter 1: This chapter describes the cancer and various treatment strategy. Further, 

epidemiology of cancer worldwide and in India was described on the basis of recent reports. 

The characteristic hallmarks and emerging hallmarks & enabling characteristics of the 

cancerous cells were discussed. In addition, the chapter outlines a brief introduction to the oral 

oncology and aetiology. It also describes the new avenue of therapeutics nanomedicine against 

oral cancers. The present chapter also discussed the gaps in the proposed doctoral thesis and 

objective and finally outlined the thesis structure. 

4.2 Chapter 2: This chapter describes the brief background of oral oncology and comparison 

of Au PEG NPs and Ag PEG NPs as radiosensitizers in KB cell line. This chapter describes 

the PEGylated nanoparticles synthesis by one pot technique using PEG 600 as reducing and 

capping agent, thorough physico-chemical characterization to establish nanostructure. The 
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cytotoxicity of both NPs was evaluated. 4Gy X-ray irradiation from LINAC source was the 

dosage used. The radiosensitization of both Au PEG NPs and Ag PEG NPs was calculated. 

The nuclear damage resulting from NPs exposure and radiosensitization from Au PEG NPs 

and Ag PEG NPs was imaged by confocal microscopy Hoechst stain was used. In phantom 

model, Au PEG NPs and Ag PEG NPs was evaluated for contrasting capacity and compared 

with clinically used CT imaging agent Omnipaque. 

4.3. Chapter 3: This chapter describes the brief background of nanoradiosensitizer and use of 

bimetallic PEGylated Au-Ag NPs as radiosensitizers in KB cell line. This chapter describes the 

novel method for synthesis of bimetallic PEGylated Au-Ag NPs by one pot technique using 

PEG 600 as reducing and capping agent, thorough physico-chemical characterization to 

establish nanostructure. The cytotoxicity of NPs was evaluated. 4Gy X-ray irradiation from 

LINAC source was the dosage used. The radiosensitization of bimetallic PEGylated Au-Ag 

NPs was calculated. The nuclear damage resulting from NPs exposure and radiosensitization 

from bimetallic PEGylated Au-Ag NPs was imaged by confocal microscopy Hoechst stain was 

used. In phantom model, bimetallic PEGylated Au-Ag NPs was evaluated for contrasting 

capacity and compared with clinically used CT imaging agent Omnipaque. 

4.4 Chapter 4: This chapter describes the brief background of Oral squamous cell carcinoma 

and comparison of Au Dox NPs and Au Dox PEG NPs as nanomedicine employed for 

chemoradiation strategy in KB cell line. This chapter describes the facile and robust one pot 

synthesis of nanoformulations, thorough physico-chemical characterization to establish 

nanostructure. The drug release pattern was measured by invitro dialysis method. The 

cytotoxicity of both NPs was evaluated. 4Gy X-ray irradiation from LINAC source was the 

dosage used. The chemoradiation potential of both Au Dox NPs and Au Dox PEG NPs was 

calculated. The nuclear damage resulting from NPs exposure and chemoradiation from Au PEG 

NPs and Ag PEG NPs was imaged by confocal microscopy Hoechst stain was used. 

 

5. Conclusion 

In conclusion, a summary on the basis of review of all three chapters and the future scope of 

the work has been discussed followed by references and appendices. 

 

 



 

7 
 

 

6. Future scope of the work 

1. Advancing the synthesize of AuNPs by making it a targeted drug delivery system as Au-

Dox-PEG-Cetuximab NPs. 

2. Thorough characterization of Au-Dox-PEG-Cetuximab NPs along with Drug release pattern. 

3. Extending the whole chemoradiation strategy in ex vivo model to understand therapeutics in 

TME (Tumour Micro Environment) or 3D Cultures. 

4. Therapeutic efficiency and efficacy can be evaluated in animal model along with 

accumulation and imaging. 
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