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Aim of the work : 
Heavy-atom-enhanced Synchrotron StereotacticRadiation therapy (SSR) involves selective accumulation of high-

Z elements in tumors, followed by stereotactic irradiation with x-rays from a synchrotron source. Our team has 

carried out several in vitro and in vivo experiments at the ESRF, using either iodine as contrast agent or as IUdR 

(a thymidine analog that incorporates into DNA during cells’ replication) and a single x-ray dose fraction 1–4. 

The in vivo feasibility of IUdR-enhanced SSR was shown on rats bearing F98 gliomas 5, however no long term 

survivors were obtained in this study. The treatment outcome is expected to be improved by using a fractionated 

radiation therapy regimen. Doiron et al. have demonstrated that combination of BrdU (another thymidine analog) 

prolonged infusion and fractionated irradiation enhances response of RIF cells in vivo 6. Preliminary studies with 

fractionated radiation therapy and IUdR prolonged infusions have been performed. These studies have shown 

encouraging results with some limitations. To better understand the treatment outcome and improve this 

promising therapy it is necessary to determine the IUdR volume of distribution and IUdR concentration in the 

interstitial liquid versus the infusion time.  

The aim of the present work was to characterize using synchrotron radiation computed tomography (SRCT) the 5-

iodo-2’-deoxyuridine distribution in a rodent glioma model, several days after implantation of mini-osmotic 

pumps. The second aim of this work was to determine the part of photoelectric effect in cells death after 

irradiation for cells incubated with either iron nanoparticles or IUdR.  

 

Experimental methods and parameters: 
 

In vitro 

Samples preparation / irradiation: 

F98 cells were incubated either with IUdR during 48h 2 days before irradiation or with nanoparticles 24h before 

irradiation. The radiation source energy was tuned to 30, 50 and 80 keV to allow the Sensitive Enhancement 

Ratio (SER) dependence investigation. In addition, we irradiated the samples at high energy (1.25 MeV – 
60

Cobalt source – CEA Grenoble). Irradiated samples receive 4Gy whatever the condition. We had several 

problems with Camz at the beginning of the irradiation. This implied that we had to remake the 30keV condition. 

 

Cell survival measurement: 

ATP-lite test was used for measuring cell survival after a treatment (irradiation alone, irradiation, in combination 

with NPs or IUdR). The toxicity of the drugs alone was also studied.  

 
pH2AX determination: 

1hour and 24h after irradiation, cells were fixed with ethanol. We measured by flow cytometry phosphorylation of 

histone H2AX by labeling cells with a dedicated antibody. 

 
In vivo 

Samples preparation: 

Seventeen days before beamtime rats were implanted with F98 cells. Thirteen days after implantation, tumor 

presence was checked by MRI and rats received osmotic pomps containing either IUdR (20mg/mL) or Magnevist 

(30mg/mL).  

 

Samples imaging 

Four days after rats were imaged by MRI to determined tumoral volume and by SRCT using the germanium 

detector. SRCT imaging was performed at 33,17keV before and after intravenous injection of iomeron. 

 

Selected preliminary results: 
 

Cell survival measurement: 

From cell survival measurement we have calculated the SER at 4Gy as the ratio between the survival fraction for 

cells irradiated without drug and cells irradiated with either NPs or IUdR.  

 

The SER4Gy was found to follow theorical DEF curve,  calculated by Monte Carlo simulations with a maximum 

at 50keV for IUdR and 30keV for Fe-NPs. Determination of SER4Gy at 1.25MeV are currently in progress. 



 

These preliminary results tend to prove the preponderant role of photoelectric effect in cells death after irradiation 

at low energy.  

 

pH2AX determination: 

Phosphorylation of H2AX was for the moment determine only for 50keV condition. We observe a significant increase 

in pH2AX positive cells 1 hour after irradiation. 24h after irradiation level of pH2AX positive cells return to basal 

level. No significant difference was observe for IUdR in comparison with control cells.  

 

SRCT imaging 

We weren’t able to determine IUdR distribution because iodine concentration was at the limit of sensitivity and was 

only visible on some images. This indicates that the macroscopic concentration of Iodine under these conditions was 

lower than 1mg/mL. We had problems the fisrt day during data recording just after acquisition which leads to lost of 

acquired data. Thank to our local contact we modify the set up to allow images correct acquisition and recording and 

we were able to do almost all we plan to do. 

 

Conclusions: 
This experiment has shown the interest of IUdR for enhancing radiosensitivity of tumoral cells with a benefit of a 

low energy irradiation. We have shown that cell death depend on energy indicating a predominant role of 

photoelectric effect. 

In vivo we found that the macroscopic iodine concentration was lower that 1mg/mL using osmotic pump filled 

with 20mg/mL of IUdR.  

Further experiments using a larger concentration of an iodinated compound could permit to precise the real factor 

of dilution and thus could help to link in vivo experiment with in vitro experiments. 

We are grateful and very satisfied by the help provided to us by the local contact. 

 


