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High-Z nanoparticles, in particular gold nanoparticles (GNPs), are 

perspective for radiation theranostics. Preferential accumulation in tu-
mor cells, high atomic number (ZAu = 79), and mass attenuation coeffi-
cient of photon radiation compared to soft tissues, make GNPs applica-
ble as radiosensitizers. Given that DNA is a major cellular target of ra-
diation therapy, delivery of GNPs into the nuclei is important. The 
mechanisms of penetration of GNPs inside the cell nucleus and their 
intranuclear distribution are still unclear, however some notions may be 
obtained based on behavior of GNPs in model systems, for example, in 
DNA liquid-crystalline dispersions (LCD) [1]. Spatial distribution of 
GNPs in LCD is determined by the size of GNPs. [2, 3]. We performed 
a Monte-Carlo calculation of the absorbed photon dose inside the DNA 
LCD particle in the presence of 2 nm and 32 nm GNPs. Values of the 
absorbed dose in three models (Figure 1) were calculated using Geant4 
toolkit: model A, 1 m particle evenly filled with DNA (no GNPs); 
model B, 2 nm GNPs uniformly distributed within the DNA LCD parti-
cle; model C, 2/32 nm GNPs located on the border of DNA LCD parti-
cle. Models were placed in a water phantom. The radiation source was a 
photon beam (20-600 keV). The dose enhancement factor (DEF) was 
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calculated as a ratio of the doses absorbed by the DNA LCD particle in 
models B and C to the dose absorbed in model A. 

 
Figure 1. Scheme of Monte-Carlo simulations. 

The highest DEF (from 13.2 to 1.1 depending on the photon energy) 
was obtained for model B. DEF values in model B were 1.1-7.6-fold 
bigger than in C depending on photon energy. For model C, DEF was 

. These results indicate the im-
portance of the GNPs spatial distribution for the enhancement of ab-
sorbed dose in critical targets including the nuclei.  
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