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Introduction:
Nanotechnology is rapidly progressing from research and 
development to commercialization. Nanomaterials, the 
building blocks of nanotechnology, often exhibit unusual 
physicochemical properties when the dimensions of 
materials shrink down to nanoscale. However, the small 
size of materials often allows them to enter tissues, cells, 
organelles, and functional biomolecular structures. As a 
result, it is imperative to investigate the associated risks 
of these nanomaterials and formulate new regulations for 
handling them.

Silver nanoparticles have demonstrated their potential in 
applications including antibacterial agents, electronics 
interconnects, and surface plasmon resonance (SPR) and 
surface-enhanced Raman spectroscopy (SERS) sensors. 
The correlation of the toxicity of silver nanoparticles with 
their sizes and shapes was investigated in collaboration with 
researchers in the medical community. In a typical synthesis 
approach, capping agents, such as polyvinylpyrrolidone 
(PVP), are used to promote <100> facets during the growth 
from a single-crystal seed into a nanocrystal with defined 
shape and size [1].

To perform reliable toxicity measurements of silver 
nanoparticles, it is important to understand the role that PVP 
plays in the course of evaluation. The goal of this project is 
to understand the effects of the PVP coating on the toxicity 
evaluation of silver nanocubes.

Experimental Procedure:
Silver nanocubes were synthesized using a solution-phase 
process in ethylene glycol (EG), which served as both 
a solvent and a reducing agent, following the protocol 
published by Xia and co-workers [2]. In a typical synthesis, 
silver trifluoroacetate (AgCF3COO) and PVP were used as 
a silver precursor and a capping agent, respectively. The 
size of the nanocubes could be maneuvered as the reaction 
proceeded. All the samples were collected by centrifugation, 
washed in acetone to remove the remaining precursor and 
EG, and washed 1-5 times in deionized (DI) water to remove 
excess PVP. The morphology of samples was examined 
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using a transmission electron microscope (TEM, FEI G2 
Spirit Twin) at 120 kV.

Washing cycles effectively controlled the amount of PVP 
physically adsorbed on the nanocubes. Each cycle consisted 
of ten minutes of centrifugation at 13,000 RPM, removal 
of supernatant fluid, and addition of 1 mL of DI water. 
Toxicological tests were performed with the nanocubes after 
one wash cycle and five wash cycles. The concentration of 
nanoparticles was measured with a Perkin Elmer Elan DRC 
II inductively coupled plasma mass spectrometry (ICP-MS) 
after dissolution with a mixture of HCl and HNO3 (3:1).

To perform toxicity evaluation of the nanocubes, a 40-hour 
assay was performed using Saccharomyces cerevisiae, a 
strain of yeast often used as a model eukaryote with similar 
biological responses as human cells. The suspensions of 
nanocubes at different concentrations were placed into a 96-
well microplate along with the yeast and synthetic culture 
media. Controls without any nanocubes and without any 
yeast were measured as references.

While the nanocubes were kept at 30°C, the optical density 
at 620 nm (OD620) through each well was measured every 
three minutes for 40 hours to monitor inhibition to yeast 
growth.

Results and Conclusions:
The edge lengths of the nanocubes used in this experiment 
were approximately 25 nm and 60 nm, which were obtained 
at the reaction time of 15 and 90 minutes, respectively. Figure 
1 shows a typical TEM image of the 60 nm nanocubes.

The growth curves of yeast cells with 25 nm nanocubes 
(Figure 2) show that the growth inhibition becomes more 
severe with increasing wash cycles, indicating that the 
nanocubes become more toxic. This trend was expected 
since PVP is nontoxic as shown by the control experiments. 
Thus, it can shield the yeast cells from the effects of the 
silver nanoparticles. As the PVP coating was washed away, 
the cells were further exposed to the silver surface, causing 
higher toxicity.
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However, the results of 60 nm cubes (Figure 2) showed the opposite effect. 
Increased wash cycles promoted lower toxicity, which clearly indicated 
that there might be a distinct difference in the surface coating of small and 
large nanocubes during the reaction. More investigation is necessary.

In order to determine the amount of nanoparticle uptake by cells, ICP-
MS was used to measure the concentration of silver before and after the 
assay. The results show that over 95% nanoparticles were uptaken by 
cells, regardless of the size of the nanocubes. The nanoparticle uptake was 
visualized by TEM after a fixation and sectioning process. Figure 3 shows 
a typical TEM image of yeast cells with 60 nm silver nanocubes uptaken. 
The aggregation state of nanocubes was also investigated with dynamic 
light scattering (DLS). There was no significant aggregation before and 
after the assay, confirming that the measured toxicity resulted from silver 
nanocubes rather than aggregates.

Future Work:
As an extension of current work, the difference in surface chemistry 
between the 25 nm and 60 nm cubes will be examined in an effort to 
expand on the difference observed from toxicity measurements. As a 
fundamental study, the endocytotic effects should be further examined by 
TEM to explain the interaction between the yeast cells and the uptaken 
nanocubes.
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Figure 3: TEM image of yeast cells after
60 nm silver nanocube uptake.

Figure 2: Growth curves of yeast cells in the 
presence of 25 nm and 60 nm nanocubes after 
1-wash and 5-wash cycles.

Figure 1: TEM image of 60 nm cubes
with a reaction time of 90 minutes.




