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The location of the magnetic microdiscs inside T98G cells was assessed using 

focused ion beam – scanning electron (FIB-SEM) based tomography. After their 

fixation and metallization, T98G cells incubated 24h with magnetic microdiscs are 

randomly selected and then milled using the ion beam and imaged using the electron 

beam creating a series of images of the interior of the cell. Internalized magnetic 

microdiscs are shown in Figure 1 and Figure 2. 

Figure 1 T98G cell cross sectionning and imaging with FIB-SEM



Figure 2 Full sectionning of the region of interest. The sectionning reveals the presence 
of internalized microdiscs within the selected region.

Dosimetric characterisation of an irradiated antiferromagnetic 
nanodisc

1. Simulations

1.1. The antiferromagnetic nanodisc

The antiferromagnetic nanodisc investigated in this study has a diameter of 2 μm and 

thickness of 132 nm. It consists of an outer layer of 10 nm of gold and inside the 

following group of materials is repeated 10 times: Pt (2 nm), Ta (2nm), CoFeB (0.9 

nm), Pt (0.25 nm), Ru (0.9 nm), Pt (0.25nm), CoFeB (0.9 nm), Pt (2 nm), Ta (2 nm), as 

demonstrated in Figure 3.



Figure 3. Simulation model of the material composition of the antiferromagnetic 
nanodisc.

1.2. Simulation details 

The model of the nanodisc is imported in the Geant4.10.4 simulation toolkit. The 

nanodisc is placed 400 μm away from a parallel plane source (Figure 4), immersed in 

water. The Livermore interaction models are selected for the nanodisc, while the 

Geant4-DNA (Incerti et al. 2010A; Incerti et al. 2010B; Bernal et al. 2015; Incerti et al. 

2018) models were selected for the water surrounding the nanodisc, with the atomic 

de-excitation module activated, as in our previous publications (Sotiropoulos et al. 

2017A; Sotiropoulos et al. 2017B). The dose scoring is done through two voxelized 

mesh dose scorers, 40 μm x 40 μm x 1 μm and 1 μm x 40 μm x 40 μm with voxel size 

of 0.1 x 0.1 x 1 μm3 and 1 x 0.1 x 0.1 μm3 for the parallel and perpendicular scoring 

mesh respectively. The simulations were run for 4 billion initial photons.

1.3. X-ray spectrum 

To replicate the irradiation conditions typically used in a clonogenic survival assay, 

the spectrum of a 195 kV x-ray tube, with 0.8 mm Be inherent filter and 0.5 mm 

additional Cu filtering was employed. The spectrum was generated from the SpekCalc 



program (Poludniowski & Evans 2007; Poludniowski 2007). The generated spectrum 

is shown in Figure 5.

Figure 4. Irradiation geometry for the dosimetric characterization of the nanodisc. The 
nanodisc axis is parallel to the Z direction. The dose is scored into two voxelized mesh 
scorers, parallel and perpendicular to the nanodisc, mesh_xy and mesh_yz respectively.
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Figure 5. X-ray spectrum at 195 kV generated by the SpekCalc program, with 0.8 mm 
inherent Beryllium filter and 0.5 mm of additional Cooper filter.



2. Results

The ratio and difference of the dose with the nanodisc to the dose without the nanodisc at the 
XY and YZ planes is shown in Figures 6-9.

Figure 6. Ratio of the dose with to without the nanodisc at the XY plane.



Figure7. Ratio of the dose with to without the nanodisc at the YZ plane.

Figure 8. Dose profiles along the X and Y axes respectively.



Figure 9. Profiles of the dose difference along the Y and Z axes respectively.

3. Discussion

The dose distributions around a nanodisc were calculated by means of Monte Carlo simulations. 
A dose enhancement is observed predominantly around the bases of the disc, rather than the 
sides. The dose distribution observed is mainly a factor of two components. Firstly, it is a result 
of the directionality of the electrons produced by the photon-nanodisc interactions. Very few 
of the electrons generated will be scattered perpendicular to the beam direction; most of them 
will be generated towards the beam’s direction. Secondly, the shape the nanodisc allows more 
electrons to escape towards the bases. This is a similar situation with the properties of some 
NPs. Normally small NPs will allow more secondary electrons to escape (Lechtman et al. 
2011). On the other hand, when the NPs aggregate the secondary electrons from the inner NP 
are more likely to reabsorbed, rendering the outermost NPs to contribute to the dose 
enhancement (Kirkby et al. 2017). In addition, the gold layer surrounding the nanodisc can 
absorb some of the low energy electrons produced by the innermost layers of the nanodisc. 
As a radiosensitization has been observed in vitro when the antiferromagnetic nanodiscs are 
internalised into cells, it would be interesting to speculate how this dose enhancement might 
contribute to the radiosensitization effect. Unless the nanodisc is touching the nucleus surface, 
a direct DNA damage wouldn’t be expected. Rather, the concentrated energy deposited around 
the nanodisc could lead to the increased production of reactive oxygen species, with the 



potential to diffuse to the nucleus and attack the DNA molecule. Furthermore, the produced 
reactive oxygen species could lead to increased oxidative stress in the cell. These results are in 
line with other publications investigating nanostructures. For example, Laprise-Pelletier et al. 
(2018) showed that radioactive nanoparticles could lead to increased dose deposition around 
the NP, but the energy deposited is confined in a region close to the NP. In this case, the 
increased reactive oxygen species created from the dose enhancement are more likely to 
contribute to the radiosensitization effect observed.

4. MTT cell cytotoxicity test

To ensure that the internalization of the microdiscs does not cause cell damage in itself, a 
cytotoxicity evaluation test was performed. Cell metabolic ability was examined by MTT 
assay. T98G cells were incubated with different concentrations ranging from 10 
microdiscs/cell to 50 microdiscs/cell. Cells loaded with particles were compared to control 
cells.  T98g cells loaded with microdiscs exhibited a decreased metabolism of tetrazolium 
salts in a dose-dependent manner. However, it is important to note that the internalized 
microdiscs did not affect the cells’ viability. Live/Dead assay results suggest that the cells 
remain viable despite exposure to concentrations up to 50 particles per cell. The figure below 
show the results of different incubation times with the microdiscs (24h, 48h and 72h)

Figure 10 optical density measurement for T98G cells incubated with magnetic particles 
at three time points.
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