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Radiosensitizing effect of FePt nanoparticle cluster under X-ray irradiation researched with Monte

Carlo simulation

QI Pengyuan, MIU Hongtao, QUAN Hong
School of Physics and Technology, Wuhan University, Wuhan 430072, China

Abstract: Objective To investigate the radiosensitizing effect of FePt nanoparticle cluster under X-ray irradiation with the use
of Monte Carlo program Geant4 and compare the effects of cluster size, source energy and nanoparticle materials on the
radiosensitizing effect. Methods Single nanoparticle cluster model and cell with nanoparticle cluster model were designed
according to the images of cells processed with FePt nanoparticles. The dose enhancement ratio (DER) was used to evaluate the
radiosensatizing effect and the DER of different models was calculated. Results The radiosensitizing effect of Fe,Pt; nanoparticle
cluster was superior to that of Fe,Pt; nanoparticle cluster. Meanwhile, for the same nanoparticle cluster, the radiosensitizing effect
was better under the irradiation of X-ray with lower energy. With the increasing thickness of nanoparticle cluster, DER gradually
reached a saturated value. Conclusion The FePt nanoparticle cluster has desirable radiosensitizing effect, which verifies the clinical
application of FePt nanomedicine.
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Fig.1 Images of cells processed with FePt nanoparticles

FePt nanoparticle cluster was indicated by the arrows. FePt nanoparticle

cluster was represented by the yellowing spotting
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Fig.2 Spectra utilized in the simulation
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Fig.3 Schematic of construction of single FePt nanoparticle cluster model
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Fig.4 Schematic of construction of cell with FePt nanoparticle

cluster model

HEABOR TR DURAE & L AR B DER . BIJE IHI
DGR 20 i #9700 e R S5 A i v 50 40 i v
YRS 11 pm.

2 HFR5WE

2.1 MR RFHEE AKEEURBSRAKRE
PEESXF DER B0

5 25 1 BRASRK TR TE S 2 IR AR 1 DER
Ho MFErA] LU R AL DGR RE &, DL S r
X DER {344 5 b 3 52 00« MG TR RE i FIA B2
TR AR B 85 ] 4 3 1 174 S 285 80T , DER {8 5 5 24
FEIRAE AN r ANARET , Fe Pty 2 L H HE Fe Pty B GR [
SRR T s [RI FePt44 K A1#%E7E 200,150 F160 kVp 3
FPOCIRS BT B RE ARG 8

m7=10nm e =30nm A 77=50nm w r=70nm <4 r=90nm

o Fe1Pt1, 60 kV, FeiPti, 150 kV, Fe1Pts, 200 kV,
= gFg AR 8 fag=r s 214025
o P - © - © R
« - [\ e o o -—
o o — P -— e

....... . sl
[0} T B | L et @ | S o
SAB L T e o 80 -~ o 70 F°
£ |/ et c ol s c VA ARSI e
[ S (e o e 3 v b AT
L P e = K o : — c o : BB B e e o
$ o w Ly “ L Ly “
o 1 0] o o :
a g 3

0 80 160 240 3202 0 80 160 240 3202 0 80 160 240 320
t/nm t/nm t/nm

g 350 FeiPts, 69 kVp g 200 Fe1Pts, 1‘:‘.—)0 kVp g 180 Fe1Pts, 290 kVp
Y] o R [ M © "
(2.4 @ - o
z = =
£ £ " =
E PUSEERSSL £ S e £ e aaeasee
8 1751 o SH00] L " | sangen 8 90
g . e LI i 2 VY T
8 | T vy g e e ey ® | gt Rl
C | ST e « E | AT et A E | gt e A
i > « w r : o w PP
3 1 2 & 3 3
o . . . o . . . o . ; .
a 9 80 160 240 3202 0 80 160 240 3202 0 80 160 240 320

t/nm

t/nm

El5 BAREE TR 288

Fig.5 Dose enhancement ratio (DER) of single nanoparticles cluster
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Fig.6 Average numbers of electrons entering into

water volume per incident photon

2.2 YKEREAERE T RIS E

RPN T R B AR P A
NEYDERfEL. R 2 FRAYZERATSIR ul LIVLE S Fe, Pty
20 A DAL X6 4 ) A B 5 TS S B T O L
PO S SRR T 7EARREDC IR R SR B I . 4R
M7, 2 2 7 2 75 (4 DER {7 T 18] 5 B B i 245
R, 3X T R AR o3 AT S AN M R B RS AR

2 A RR B ST EIEEL

Tab.2 Dose enhancement ratio (DER) of construction of cell

Materials Source energy/ kVp DER

Fe,Pty 60 10.49+0.34
150 7.39+0.28
200 6.49+0.19

Fe,Pt, 60 8.98+0.26
150 6.18+0.15
200 5.37+0.11
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Fig.7 Dose enhancement ratio(DER) varying

with the distance from the cluster surface
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