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ABSTRACT 

Gold nanoparticles (AuNPs) have unique 

electronic and chemical properties and hence are used in 

many applications. However, their potential health risk(s) 

and interactions with cells are not fully known.  Over last 

decade, many reports brought forth the fact that such 

nanoparticles exhibit exotic physical properties that allow 

them to penetrate unusually deep into skin and other 

organs 1-6 . Most previous studies have focused 

determining the general proliferation or apoptosis levels 

for cells exposed to AuNPs, after relatively short 

exposures, less than 24 hours.  

Keywords: gold nanoparticles, cytotoxicity, recovery, 
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RESULTS AND DISCUSSION 

Hence the longer term impact on cells that are 

still dividing but with their basic functions being impaired, 

had not been studied. Furthermore, most studies were 

conducted on different types of cells, but did not focus on 

the effects of the particles on the interactions of the cells 

from different parts of the same tissue. Therefore we 

focused on study of  skin tissue since it is the primary 

source of contact with nanoparticles. We studied the 

effects of AuNP concentration and size, separately, on 

keratinocytes, dermal fibroblasts and adipocytes.  In 

contrast to other reports in the literature, we find that the 

effects on cell function are not related to particle 

concentration, as much as to the nature of the the particle 

sequestration.  For example, in dermal fibroblasts, the 

particles are sequestered along the interior membranes of 

vacuoles, where the particle concentration is directly 

proportional to the cross sectional area subtended.  As a  

result, contrary to intuition,  larger particles are more 

“toxic” than smaller ones [7], and  the decrease in  cell 

viability is nearly ten times larger for 45nm particles than 

13 nm gold.  

TEM microscopy indicates that the particles are 

sequestered differently in keratinocytes and adipocytes, 

which impacts the size dependent toxicity.  In contrast to  

dermal fibroblasts (Fig. 1) the  nanoparticles in 

keratinocytes are sequestered in the interior of the 

vacuoles. As a result, many more particles can be 

sequestered in each vacuole, and the degree of toxicity is 

far lower than in dermal fibroblasts. In contrast to the 

dermal fibroblasts, the effect on cell proliferation is 

minimal with dose regardless of particle size.  

Furthermore, the particles are seen to be repelled from the 

vacuole membranes, indicating different surface 

chemistries.  In the case of the Adipocytes, the particles 

seem to sequestered in structures, whose electron density 

is higher than that of vacuoles. The structures do not seem 

to be clustered around the nucleus, but are uniformly 

distributed in the cytoplasm. Furthermore, the degree of 

penetration of the particles is less in the adipocytes, and 

hence the dose dependent effect on cell proliferation is 

reduced relative to the fibroblasts. The toxicity of the 

45nm particles is also only a factor of two higher than that 
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of the 13nm particles.  In all cases nanoparticles do not 

penetrate double membrane of the nucleus. 

Figure 1. AuNPs imaged by TEM. a  45 5.1 nm particles, 

b  13 1.8 nm particles.TEM section of cells exposed to 

AuNPs, c and d - adipocytes exposed to 45 nm and 13 nm 

AuNPs respectively, d and f – dermal fibroblasts exposed 

to  45 nm and 13 nm respectively, h and I – keratinocytes 

exposed to 45 nm and 13 nm particles respectively. 

The degree of impairment also differs with cell 

type.  In the case of the keratinocytes, a decrease in cell 

number is observed with increasing dose, though the 

decrease is smaller than that observed for dermal 

fibroblasts. Work is in progress to determine the effects 

on differentiation. In the case of adipocytes, lipid 

formation was found only in cells that did not contain 

nanoparticles. In the case of the dermal fibroblasts, we 

found that the overall expression of the collagen and 

fibronectin was diminished by the cells exposed to AuNPs 

[7].  

Furthermore,   the decrease in collagen was 

higher than that of fibronectin. These behaviors, together 

with the reduced lipid production are usually effects 

associated with premature aging of skin.  

Figure 2.  Growth curves of cells exposed to 96, 142 and 190 

mg/ml of 13 nm gold for 3 days following the recovery for 5 

days, a- adipocytes,  b - fibroblasrs and c-keratinocytes  

respectively. 
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Finally we are investigating fundamental 

question whether recovery from nanoparticle damage is 

possible once the source is removed. We had exposed 

cells for 3 days to the different concentrations of gold 

nanoparticles and after that allowed cells to recover for 5 

days (Fig. 2).  

 It was found that for all cell types at day 5 of 

recovery significant improvements in terms of cell 

doubling time and cell number are observed, indicating 

the possibility of cellular recovery. In the case of dermal 

fibroblasts and keratinocytes, nearly full recovery for both 

AuNPs sizes was observed after the nanoparticle source 

was removed for 14 days.   

Work is in progress regarding the adipocytes, 

where the factors triggering lipid production may be more 

complex.   

CONCLUSION 

AuNPs appear to impair cell function in all three 

types of cells studied. The degree of impairment, as a 

function of particle size and dose was depended on the 

cell type and the method in which the particles were 

sequestered inside the cell. Thus far, full recovery was 

observed after the nanoparticle source was removed for 

14 days or longer. 
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