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Introduction 
Recently, there has been ongoing research in the field of nanotechnology and nanomedicine aiming at developing multifunctional biomaterials using noble metals. In order to improve the 
biocompatibility of silver nanoparticles different approaches are employed. The formation of silica coating known as sol-gel method has several advantages such as numerous opportunities on the 
surface modification of the nanoparticles that can lead to the design and synthesis of multifunctional nanoparticles. Silica is considered biodegradable and offers a variety of functional groups  for the 
further modification of the nanosystems with drugs and/or targeting agents. Although the sol gel method is thoroughly studied and there are numerous examples in bibliography, there are some 
difficulties in the case of silver.  
 In this work, the selection of the base catalyst of the reaction as we observed can have a high impact on the properties of the synthesized nanoparticles. The bases used in the synthetic route were 
diethylamine (DEA) and triethylamine (TEA) and were monitored with silver nanoparticles individually from the absorbance peak of silver in the UV-Vis region showing no etching of silver in contrast 
with ammonia that is usually used in the sol gel method. The nanoparticles were characterized both morphologically and structurally and their surface modification with amine groups was qualified 
with the ninhydrin reaction. Their biological evaluation profile suggested minor toxicity towards healthy cells and red blood cells (RBCs), with no significant impact on the structure of RBCs and higher 
toxicity levels in breast cancer cells (MCF-7) and glioblastoma cells (U87-MG). The diagnostic potential of the hybrid nanoparticles was exploited with fluorescence microscopy were their ability to 
internalize in cancer cells was confirmed as well by their intrinsic green fluorescence. Therefore, we strongly suggest the investigation of such nanostructures as a dual platform for the diagnosis and 
therapy of cancer.  Synthesis and Characterization of the nanoparticles 

Figure 1 : Synthesis of hybrid Ag@SiO2 nanoparticles  and Ag@SiO2 nanoparticles  
with  free amine groups 

Figure 4 : UV-Vis measurements of the synthesized nanoparticles 

Figure 3 : FT-IR spectra of the synthesized hybrid 
nanoparticles 

Figure 2 : DLS and Zeta Potential measurements of the nanoparticles 

Figure 5 : Effect of the base catalysts on the absorbance of silver 

Biological Evaluation of hybrid nanoparticles 

The synthesis of the nanoparticles was performed in two stages : 
first the silver nanoparticles stabilized with PVP were mixed with 
TEOS (tetraorthosilicate) and then added in ethanol/base (DEA/TEA) 
solution 
for the reaction to start. For the insertion of the amine groups, the 
purified Ag@SiO2 

nanoparticles were mixed with APTES ((3-aminopropyl)triethoxy silane) 
and left to react. 
The size of the nanoparticles was determined by DLS, along with Zeta 
Potential measurements to determine the charge of their surface. As their 
structure is concerned, FT-IR spectra and UV-Vis measurements 
were performed to identify the characteristic absorbance of silver known 
as LSPR (Localized Surface Plasmon Resonance) 
and the bond vibrations confirming the successful coating of the 
nanoparticles with silica in all the cases. 
The absence of the etching of silver was veryfied by measurements of the 
silver’s peak after incubation with the two base catalysts used. 

Cytotoxicity study Internalization study 
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The cytotoxicity of the nanoparticles was evaluated by the Wound 
Healing Assay and MTT assay. The wound healing assay employs 
the creation of a wound in a monolayer of cultured cells 
and the toxicity of the compounds is measured indirectly by the 
rhythm of the wound closure, if the compound is toxic 
the wound closes slower. Combining these results with the MTT 
assay, a well established colorimetric method for cytotoxicity 
evalutation, 
It is suggested that the hybrid nanoparticles are biocompatible with 
HaCat cells (healthy cell line) and cytotoxic to MCF-7 (breast cancer 
cells) and U87-MG (glioblastoma cells). 
Furthermore, the nanoparticles were found hemocompatible and 
did not cause structural changes to red blood cells. 
The ability of the nanoparticles to internalize into cells was 
monitored by fluorescence microscopy in three different cell lines. 
From the cell images it is clear that silver remains fluorescent after 
the silica coating despite the increase in the size of the nanoparticles, 
while the fluorescence intensity is higher in the cases of the cancer 
cells compared to healthy.  

Conclusions 

In conclusion, we deeloped a modified sol-gel method to deal with 
common problems of the method for the case of silver, by exploiting 
the base catalyst that is used. The characteristics of the nanopartciles 

such size, charge were evaluated with different characterization 
methods such UV-Vi, DLS, FT-IR etc. The biological evaluation 

included the wound healing assay, MTT assay and hemolysis and 
showed the hemocompatibility of the nanoparticles and their 

enhanced toxicity towards cancer cells. Lastly, the fluorescent ability 
of silver confirmed the internalization of the nanoparticles inside cells 
and the intensity in the case of cancer cells is of high importance for 
further study in the role of hybrid nanoparticles as diagnostic tools. 

Figure 6 : Cytotoxicity study results : Wound Healing, MTT assay and 
Hemolysis assay 

Figure 7 : Fluorescence ability of hybrid nanoparticles  
inside cells 
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