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Abstract 

Current diagnostic methods are not very sensitive and accurate for early cancer detection. 

Fluorescent organic dyes and polymer encapsulated fluorescent dyes have limited use in 

early cancer detection due to photobleaching and photodeterioration of organic dyes. 

Semiconductor nanocrystals quantum dots (QDs) with high fluorescence intensity and 

resistant to photobleaching have been developed by various research groups. Quantum 

dots, despite their many advantages, have drawbacks of hydrophobicity and 

incompatibility with the aqueous biological environment and are also toxic to the living 

system. Therefore, there is an utmost need to synthesize water dispersible QDs with 

strong photoluminescence as well as good colloidal and stability and reduced toxicity for 

medical diagnostics especially in the area of cancer detection. Present thesis is devoted 

towards the development of hydrophilic bioconjugated quantum dots for cancer imaging 

and detection. 

Cadmium telluride quantum dots (CdTe QDs) were synthesized by direct aqueous 

synthesis using thiol stabilizers such as thioglycolic acid (TGA), 3-mercaptopropionic 

acid (MPA) and mercaptosuccinic acid (MSA) at 100 °C at pH 12.0. Modified CdTe QDs 

were characterized by fluorescence and absorption spectroscopy, ATR-FTIR, TEM, AFM 

and XRD. It was observed that TGA and MPA capped CdTe QDs have the tendency to 

aggregate on changing pH from 12.0 to 7.4 over a period of time, while MSA capped 

CdTe QDs remain dispersed for a prolonged period of time at pH 7.4 due to high pKa 

value. Therefore, MSA capped CdTe quantum dots were selected for conjugation with 

folic acid using EDCINHS technique for targeting human cancer cells expressing folate 

receptor. The MCF-7 cells treated with folic acid (FA) conjugated and non-conjugated 



CdTe-MSA quantum dots at different time intervals, showed that both FA conjugated and 

non-conjugated CdTe-MSA QDs were distributed randomly throughout the cells. During 

the study, it was also observed that the cells treated with CdTe-MSA quantum dots 

damaged the morphology of cells and resulted in 90% cellular death, confirming the high 

toxicity of synthesized CdTe-MSA quantum dots. Therefore, MSA capped CdTe QDs 

despite showing high photoluminescence are not suitable candidates for cell targeting and 

imaging studies. 

Quantum dots doped silica nanoparticles were synthesized by nanoemulsion technique 

using tetraethylorthosilicate (TEOS). 3-aminopropyltriethoxysilane (APTES) and 

trihydroxysilylpropylmethylphosphonate (THPMP) were then added to give surface 

functionality and colloidal stability to QDs doped silica nanoparticles in aqueous 

solution. QDSNPs were characterized by fluorescence and absorption spectroscopy, 

ATR-FTIR and TEM. The bioconjugation of QDSNPs with different concentration of 

rabbit anti-goat (RAG IgG) antibodies (37.8, 19.1 µl, 1 mg/ml in PBS, pH 7.4) was done 

using glutaraldehyde chemistry. Fluorescence intensity of nonconjugated QDSNPs shows 

prominent emission whereas antibody conjugated QDSNPs exhibited 50-60% diminished 

intensity of emission peak at concentration of 19.1 jig antibodies and 60-70% dimished 

intensity of emission peak at concentration of 37.8 µg antibodies. RAG IgG conjugated 

and non-conjugated QDSNPs were further subjected to ELISA studies. Enzyme (HRP) 

labeled goat anti-rabbit immunoglobulins (GAR IgG-HRP) were incubated with rabbit 

anti-goat immunoglobulins (RAG IgG) conjugated and non-conjugated QDSNPs. Finally, 

the developed yellow color was quantified using a microtitre plate reader at 450 nm. The 

successful bioconjugation of antibody conjugated QDSNPs was confirmed by absorbance 



values of 2.5, whereas non-conjugated QDSNPs shows the negligible absorbance. FA 

was conjugated to quantum dots (CdSe/CdS/ZnS) doped silica nanoparticles using 

glutaraldehyde chemistry for specific targeting and imaging of MCF-7 cancer cell. 

Maximum photoluminescence intensity for non-folated QDSNPs was observed at 603 rim 

at excitation of 400 rim. Decrease in the intensity of photoluminescence and minor shift 

in peak position towards shorter wavelength was observed for folated QDSNPs. Folated 

and non-folated QDSNPs were characterized by fluorescence and absorption 

spectroscopy, ATR-FTIR and AFM. Internalization studies were carried out to confirm 

the uptake of folated QDSNPs by MCF-7 cells which is much higher as compared to non-

folated QDSNPs. XTT assay showed > 90 % viability of the cells at QDSNPs 

concentration from 10 to 80 µg. In-vivo toxicity was performed in mice (Balb/C) model 

that showed QDSNPs were non-toxic to the mice. Inspite of low toxicity folated QDSNPs 

are not suitable for cancer detection due to low quantum yield. 

In another approach ligand exchange hydrophilic CdSe/CdS/ZnS-MPA QDs were also 

evaluated for imaging and detection of cancer. FA conjugated CdSe/CdS/ZnS-MPA QDs 

showed high photoluminescence properties. Internalization studies were carried out to 

confirm the uptake of folated QDs by MCF-7 cells which is much higher as compared to 

non-folated QDSNPs. XTT studies showed > 80 % viability of the cells and in-vivo 

toxicity performed in mice (Balb/C) model also showed that folated QDs were non-toxic 

to the mice. 

Glass matrix was selected for the development of fluoroimmuno-based detection because 

of its non-autofluorescence properties which allowed the imaging and detection of 

fluorescent sandwich immunocomplex formed on the matrix. Glass matrices were treated 



with piranha solution to generate surface hydroxyl groups and react with 

3-aminopropyltriethoxysilane (APTES) to obtained amine modified glass matrices. 

Amine modified glass matrices were characterized using contact angle measurements, 

ATR-FTIR and ELISA. Anti-HER2 antibodies were immobilized on amine modified 

glass matrices using glutaraldehyde chemistry. A sandwich immunocomplex formed 

between the anti-HER2 IgG immobilized glass matrices and anti-HER2 IgG conjugated 

QDs after the incubation of glass matrices with cancer cells. Intense red fluorescence was 

observed under confocal laser scanning microscope confirming the attachment of 

anti-HER2 conjugated QDs onto the cancer cells. Developed detection method enabled 

the detection of cancer cells upto a minimum level of 103  cells. Anti-HER2 IgG QDs 

were also evaluated with actual human cancer tissue expressing HER2 receptor. Intense 

red fluorescence of anti-HER2 conjugated QDs attached to human breast cancer tissue 

was confirmed by confocal laser scanning microscopy. 
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