\\‘:'\}*{L‘is’ro)w‘\’\Abss]wdjﬁjﬁ#dlem

Journal of Nuclear Science and Technology
Vol. 101, No. 4, 2022

Pz (5 5lwanls 3l oolitwl b pgidgol-5il x> o0lo 31 Juol> 30 (gl 331 5B (o) 2

¥ ool Lo yunzme ol a3 Lo agume
Ol oles VATAD —FLAY 1 S (55 play oSS (58 09,5 )

Al = olts VFIBO VAT 5 oS ol (K pole olftils o S0 0aSitils ( Sy Kb 09,5 Y
Sl = e VAT —FFAY S ()55 ploy oKl oS 5 09,5 ¥

*Email: sadeghi.m@iums.ac.ir

o3 g4l
VE-IOYE allie Sl f,l VEe o IPNA i 2l Gl

ouS

Comdg 3 55 wmdilé o3l aiile 63L5 slo yiolyly sl 4zl (g0l sl iy loyoginy b Lialsdl y w35 51 solial 39,4l
ilotands 31 o3kl b ks cnl 50 5yl 58l (FaiSwlan e 3 G deiz 551 5 95 iz 5 O3l (Jske 0950
53 Gl 5 Jlade 55 S he (Susd slayiell (2B 5 ol ol aiSlay Jshe 5o peidsdlS jeam b yn 4 ol 5Csse
Sl 5 poaidsols gl 5l slite slagsss GEANLE Jf3ale s 5l oslinal b Lisl, ol yo ol 48,5 )13 3l 5,50 (DEF)
b saimaclis 5l Jol> (55,50, 5 (YO KEV —A+ KeV) 555168 X slagi p daiir .00 5 (55lwancds (Jsko S J315 50 poidgols
S0 gl b aslol [0 050 )8 aulxe diid 5 eedlgiow slic o Hde 50 Jlade g ol owill Jshe ST 4 (Eave= ¥ MeV) (g 25l
e 50 gas o I3 Johor ol yo . il DEF Jlaie 0 X (slagiy sz (5551 e g T 031l 13l (gms) 42 0,350
5 Gl Gl mj5 & Blae 505 DEF lade 'y 5w Casl aiws 4 bgspe DEF Jlade op 5ol ol &, K ad I o DEF
loas;e5 aed 10 DEF .Y MeV (55, 1o .cul OY KeV (65,5 10 VY 5V Ve Jlode b oo pay slag 10 GO &l,35ib 2565 5 pmdl g
ad 5l ey DEF jlaie sl bgy o 00 MM gleis b &l,396 4y DEF oy 5 0 o5 0l (aseie 9l Lubide j0 058 o0 Soo3 ) lade
Ded o S35 ) 4 DEF jluie ¥ MeV (g5, 1o Lol sl o (il58) o 4 K

I 5 Chge (6 5ltds 3o Ll 3Bl 55 caguidgols (l,d 4l (e jlguuds

Investigation of a dose-enhancement factor of Nano-Gadolinium
contrast agent by Monte Carlo simulation

M. Hadiyan Jazi!, M. Sadeghi*?, M. Ghasemi?
1. Physics Department, Payame Noor University, Postal code:19395-4697, Tehran-Iran
2. Medical Physics Department, School of Medicine, Iran University of Medical Sciences, Postal code: 14155-6183, Tehran-Iran
3. Physics Department, Payame Noor University, Postal code:19395-4697, Tehran-Iran

Technical Paper
Received 8.6.2021, Accepted 15.8.2021

Abstract

Nowadays, the use of nanoparticles has made many developments to enhance the effectiveness of
radiotherapy. Many parameters such as size, concentration, type, and intracellular position of
nanoparticles, as well as type and energy of the radiation source, affect the sensitivity. In this study, the
effect of the presence of gadolinium in the cell has been investigated, and the role of these physical
parameters has been evaluated in the dose-enhancement factor (DEF). Using Geant4 software, different
distributions of gadolinium nanoparticles (GANP) and gadolinium atoms were simulated inside a cell. The
sources of low energy (25 keV- 80 keV) and high energy from linear electron accelerator (Eae =2 MeV)
were irradiated to a single cell, and the dose was obtained in its membrane cytoplasm, and the nucleus
was calculated. Then, the effect of its size and X-ray source energy on the DEF value was investigated by
simulating a nanoparticle. At the cellular scale, a rapid increase in DEF occurred after the Gd K-edge.
The lowest DEF is in the core. The maximum DEF belongs to the distribution of Gd atoms in the
cytoplasm and the distribution of Gd nanoparticles in the membrane with the values of 1.20 and 1.17 at 52
keV, respectively. At 2 MeV, the DEF in all distributions is close to 1. At the nanoscale, it was also found
that the highest DEF was related to nanoparticles with a radius of 50 nm. Also, the DEF value increases
sharply after the Gd K-edge, but at 2 MeV, the DEF value approaches 1.

Keywords: Nanoparticles, Gadolinium, Dose-enhancement factor, Monte carlo simulation
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