B&l
solutionss

BioEmissionTechnology

An optimization study for preclinicatpay imaging of gold nanoparticles using
GATE simulations
RouchotaMaritind, LoudosGeorge?, PapadimitroulaBPanagiotis KagadisGeorgé

lUniversity of Patraflion PatrasGreece
“Technological Educational Institute of AtheAs), Spiridono28, EgalepAthens Greece
SBET SolutionsR&D DepartmentAlexandrafiv. 116 Athens Greece

Purpose : Beingableto visualizesold NanoparticleGNPs)through X-RayandCT imagings very important in Medicallmagingas GNPscanprove to be a
contrast agentwith better propertiesthaniodine for the visualizatiorof the circulatory systemMoreover,the radiolabelingorocessof the NPs 0 a process
neededin order to follow the targetedradiopharmaceuticabot - maybe accuratebut it mightmodify their nature and properties,whereasx-raysdo not
addto complexityor modification For thesestudiesusuallya largenumberof animalgs neededto test appropriateconcentrationof GNPsthat will provide
adeqguatecontrast for eachx-ray system This number can be significantiyeduced by optimizingthe imagingprotocols to be implementedthrough this
simulationplatform

Materials & Meth_OdS : _ _ _ _ Simulation of the Simulation of the Import of the NPs Run the simulation
The developed simulation platform consists of the following basic system set up NPs solutions bio kinetics in MOBY | |and export x-ray images

steps (Fig 1):

1. The systemis simulatedby copyingthe exact experimental Al ,
conditionso x-ray beamcharacteristicsjetector specifications, T > i o S,
experimentalgeometry, phantoms The system simulationis : |
validatedby imagingiodine solutions and comparingwith the
experimentakesults(Fig2A)

2. NP solutionsare simulatedpasedon two mainpoints That in
CT/X-ray the direct visualizatiorof NPs is not possible only
density variations are visible (LeBrun 2016 and that the
geometry and size of the NPs strongly affect their
biodistribution but they do not affect the image contrast
(Nohyun Lee, 2013. So NP solutions are simulated as
homogenoussolutionsof different densities The validationof
the NPs imagingproperties is performed by imagingdifferent
solutions in a phantom and comparing experimental and
simulatedresults(Fig2B).

3. The bio-distribution of the NPs under study are imported as
densityvariationsin MOBY organspasedon the administered
NP quantityandtheir givenPW%concentrationin eachtissue

4. After running the simulation x-ray images are exported,
visualizinghe bio-distributionof the GNPs
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Figure 2:Validation of the system with iodine solutions (A) and of the NPs imaging properties (B)
by comparing experimental and simulation imaging results.

Results: Bio-distributions of several GNPs types,alreadypublishedin literature, were used and for each bio-distribution and specifictime points the
appropriatex-ray imageswere exported (Fig3). The imagesare exported for an x-ray systemusedin our laboratory (35 kVp, 0.5 mA, 0.1 secexposure
time). The samecanbe donefor anyX-ray systemAdministeredconcentrationsof GNPsandspecificPW% concentrationdan tissuescanbe checkedasfar
as resulting imagecontrast is concerned This way, for the bio-distributions that do not produce the desired contrast, either in vivo studiesare not
recommendedr a higherinitial concentrationis neededto be administered
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Figure 3:A) Pre and post GNPs administration when full accumulation in blood is assumed. B) The same faoiull liver accumulation.
C) Bio distribution of GNPs by J.Hainfeld et al (2004), 5min p.i. D) Bio distribution of GNPs by W. D. James et (2007, 4hrsp.i..

Conclusions: A simulationplatform hasbeendevelopedandvalidatedor X-ray imagingstudieswith GNPs Thisplatformallowsfor a quickcheckwhether
a certain administeredGNP concentrationwith a givenbio distribution can produce the desired contrast,at any givenx-ray system This providesthe
possibilityof optimizingimagingorotocols andreducingthe numberof animalsneededfor anin vivo X-ray imagingstudywith GNPs
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