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Fig.1 The schematic diagram of magnetocaloric

mechanism
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Fig. 2 The crystal structure of magnetite
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Fig. 3 The simulation of size’s and size distribution’s
effect on heating rate
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T LR EHEE, Domenech5F Ny, WETE
YRR A M BHA S TEREATER T, 5l
BRI e e M el (it ER sl ), HNAY)
IR S K e A B, 5 | A A i 1
PR B S N, e B BET
34 ZREEATER

SRR 4 M P B 2 W BB 5L AR S A
AR NI B g, B oM AR . Lk
RIS el e Ry e ety S N | B s O i
R B EAMMTE T, 5K caspase KIS AT Y A
TR PRI TIE S . S5, SRR P VIR e = A g
HEAEIRT, SRR R RTEEAA, YERRE E
RENEZ BIMIRET, MER BB R, 55
SIS Z R A PRI M R L PR A AT

RE ELHEE A B, B0 b M AR K
JETE, SR EALRN L, FERTREXT DNA =445,
B A PR T

H i #4156 T 2R AR TR 12 i i o
A ATRERRE AR R R B, A R 2
PRI 22 AE X 52 2% . I /K ¥ i A ply —F RGOl 3 vl 4 ki
BEOMIRAN DR AR R AT 5T 41 SRR BT A AR 56
B .

Wang &5 B X 40 i #F 47 KN [F] & B (37°C .
40°C. 42°C) HPKIEINHAE IS &3, 4HHLN ROS
BN, ELREE AR TR . bR ] () 4 i
Hahn . 7E4# FH ROS W BRFIN-Z B &R (NAC)
FINZ A AR 54 1) ROS 375 B 71 Mito-TEMPO Ab B
Ja kB, 40 PN ROS KA BIF 41K, {H Mito -
TEMPO AZbHEH [ FEAK LE 235 T NAC 4, HAFETE
Giitep R, X ER LA T 41 P ROS Ay 5
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Hilger 55 ™' WL T ANARLEE (45C~90°C) &
1) DNA #1516 52 5 476 1 09 56 & . 7E X N FLAR
P MX -1 AR E AL 4 min J5, —#F50 HH%
PEATE B SC5 (comet assay) %€ DNA {5, %3
— AR UREERE SR 1 h I . 450 1 DNA #4513
BERLE A TR, EUI AR B 7E SOCLL I
({245 50°C), DNA WO & ge2BEm, 4
IR BEAE SSCCHE, DNA 4 HEe B = &84, il
JE T 60°CHT, 155% 1 hJi5 DNA fysifsssm, I+ H
5 iR AN S Ak B R AL R KR 2E 5 . AT
TR R R R T AL A 45 5 . X IR T A
1o AR R Bl G X T DNA AR IR . 2 SR A
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B, DNA#IE/N, U SEeBR it
B, DNAMf LS8R, Rk
BT, 2R DNA. 12X far e B LA 5 1
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SEHG, [RIRERGIN 2 DNA B Kt , Foitss i i
RY B DNAM71.9 % (N=10) .
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BHEAIE . MRE SRR R, YRk
UE— A4 SR = e . R, R R S R
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AIRPRE, NI AR S a4, Ji—Jr
TR 5 A R IR T iR, R AR i yT
B G BE AR 2 R, RGN ORISR g A4
I7EMIR IR YT ol & R EE R SRR
ftE .

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

2 % X W

W79, PNAT TR, KR 2 77, 55 . 2014 4F v [ 431 DU IR 0
FIBETZ43Hr . o [ iR, 2018, 27(1): 1-14

Chen W Q, Sun K X, Zheng R S, ef al. China Cancer, 2018, 27(1):
1-14

Gilchrist R K, Medal R, Shorey W D, et al. Selective inductive
heating of lymphnodes. Ann Surg, 1957, 146(4): 596-606
Roussakow S. The history of hyperthermia rise and decline.
Conference Papers in Medicine, 2013,2013:1-40

Crile G. The effects of heat and radiation on cancers implanted on
the feet of mice. Cancer Res, 1963, 23(3):372-380

FFRL B 2, IS, A5 IR IR YT IR T kR RN
I RIS . B S, 2010, 28(20): 101-107

Wang Y Y, Zhao L 'Y, Wang X W, et al. Science & Technology
Review, 2010, 28(20): 101-107

WHR, RIS, R, 45 e B ) BT TR LA KA R . ]
BHRLIEE, 2016,35(08): 561-568

Xie J, Chen L, Yan C Z, et al. Meterials China, 2016, 35(08):
561-568

Hedayatnasab Z, Abnisa F, Daud W M a W. Review on magnetic
nanoparticles for magnetic nanofluid hyperthermia application.
Mater Design, 2017,123:174-196

Laurent S, Dutz S, Hafeli U O, et al. Magnetic fluid hyperthermia:
focus on superparamagnetic iron oxide nanoparticles. Adv Colloid
Interfac,2011,166(1-2): 8-23

Rosensweig R E. Heating magnetic fluid with alternating magnetic
field. Journal of Magnetism and Magnetic Materials, 2002, 252(1-
3):370-374

Dunitz J D, Orgel L E. Electronic properties of transition-metal
oxides-1II. Journal of Physics and Chemistry of Solids, 1957, 3(3-
4):318-323

Fridk M, Schindlmayr A, Scheffler M. Ab initiostudy of the half-
metal to metal transition in strained magnetite. New Journal of
Physics,2007,9(1): 5-20

Pool V L, Klem M T, Holroyd J, et al. Site determination of Zn
doping in protein encapsulated ZnxFe;-XO, nanoparticles. Journal
of Applied Physics, 2009, 105(7): 07B515

Pool V, Klem M, Jolley C, et al. Site determination and magnetism
of Mn doping in protein encapsulated iron oxide nanoparticles.
Journal of Applied Physics, 2010, 107(9): 09b517

Yoon T J, Lee H, Shao H, er al. Highly magnetic core-shell
nanoparticles with a unique magnetization mechanism. Angew
Chem Int Ed Engl,2011,50(20): 4663-4666

Zhou P, Zhao H, Wang Q, et al. Photoacoustic-enabled self-
guidance in magnetic-hyperthermia Fe@Fe,O, nanoparticles for
theranostics in vivo. Adv Healthc Mater, 2018,7(9): 1701201
Wang J, Zhao H, Zhou Z, et al. MR / SPECT imaging guided
photothermal therapy of tumor-targeting Fe@Fe,O, nanoparticles
in vivo with low mononuclear phagocyte uptake. ACS Appl Mater
Interfaces, 2016, 8(31): 19872-19882

Garaio E, Collantes J M, Garcia J A, et al. A wide-frequency range



2019; 46 (4

WHEE, % HRGENWHEPTEINERRER

*377-

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

AC magnetometer to measure the specific absorption rate in
nanoparticles for magnetic hyperthermia. Journal of Magnetism
and Magnetic Materials, 2014, 368: 432-437

Sabale S, Jadhav V, Khot V, et al. Superparamagnetic MFe,O,
(M = Ni, Co, Zn, Mn) nanoparticles: synthesis, characterization,
induction heating and cell studies for cancer
hyperthermia applications. J Mater Sci-Mater M, 2015,26(3): 127

De La Presa P, Luengo Y, Multigner M, et al. Study of heating

viability

efficiency as a function of concentration, size, and applied field in
v-Fe,O, nanoparticles. The Journal of Physical Chemistry C, 2012,
116(48):25602-25610

Fortin J P, Wilhelm C, Servais J, et al. Size-sorted anionic iron
oxide nanomagnets as colloidal mediators

hyperthermia. JAm Chem Soc, 2007, 129(9): 2628-2635

for magnetic

Ma M, Wu Y, Zhou H, et al. Size dependence of specific power
absorption of Fe,O, particles in AC magnetic field. Journal of
Magnetism and Magnetic Materials, 2004, 268(1-2): 33-39
Kallumadil M, Tada M, Nakagawa T, et al. Suitability of
commercial colloids for magnetic hyperthermia. Journal of
Magnetism and Magnetic Materials, 2009, 321(10): 1509-1513
Deatsch A E, Evans B A. Heating efficiency in magnetic
nanoparticle hyperthermia. Journal of Magnetism and Magnetic
Materials, 2014,354: 163-172

Cobianchi M, Guerrini A, Avolio M, et al. Experimental
determination of the frequency and field dependence of specific
loss power in magnetic fluid hyperthermia. Journal of Magnetism
and Magnetic Materials, 2017, 444: 154-160

Carrey J, Mehdaoui B, Respaud M. Simple models for dynamic
hysteresis loop calculations of magnetic single-domain
nanoparticles: application to magnetic hyperthermia optimization.
Journal of Applied Physics, 2011, 109(8): 083921

ARG, AR, AR, A5 BT IR E HSP70 50 S ie 0
A A5 B R B 52 ) . b BR 2 2R R (R 2 RR), 2005, 37(2):
175-178

ShiYJ,YuJR,Cen XN, et al. Journal of Peking University. Health

Sciences, 2005,37(02): 175-178

[27]

(28]

[29]

[30]

(311

[32]

[33]

[34]

[33]

[36]

[37]

FFET, EAN, A, 55 BT X G A0 A S AL
PG S, 2018, 26(16): 2635-2639

Qi B N, Wang X P, Wang X N, et al. Modern Oncology, 2018,
26(16):2635-2639

Kobayashi T, Kakimi K, Nakayama E, et al. Antitumor immunity
by magnetic nanoparticle-mediated hyperthermia. Nanomedicine
(Lond),2014,9(11): 1715-1726

Lepock J R. Involvement of membranes in cellular responses to
hyperthermia. Radiat Res, 1982, 92(3): 433-438

Calatayud M P, Soler E, Torres TE, ez al. Cell damage produced by
magnetic fluid hyperthermia on microglial BV2 cells. Sci Rep,
2017,7(1): 8627

Prasad N K, Rathinasamy K, Panda D, et a/. Mechanism of cell
death induced by magnetic hyperthermia with nanoparticles of
gamma-MnxFe,-xO, synthesized by a single step process. ] Mater
Chem, 2007, 17(48): 5042-5051

Creixell M, Bohorquez A C, Torres-Lugo M, et al. EGFR-targeted
magnetic nanoparticle heaters kill cancer cells without a
perceptible temperature rise. ACS Nano, 2011,5(9): 7124-7129
Domenech M, Marrero-Berrios I, Torres-Lugo M, et al.
Lysosomal membrane permeabilization by targeted magnetic
nanoparticles in alternating magnetic fields. ACS Nano, 2013,
7(6): 5091-5101

Wang Z, Cai F, Chen X, et al. The role of mitochondria-derived
reactive oxygen species
apoptosis. Plos One, 2013, 8(9): 75044

Hilger I, Rapp A, Greulich K O, ef al. Assessment of DNA damage

in hyperthermia-induced platelet

in target tumor cells after thermoablation in mice. Radiology,
2005,237(2): 500-506

Cao C, Wang X, Cai Y, e al. Targeted in vivo imaging of
microscopic tumors with ferritin - based nanoprobes across
biological barriers. Advanced Materials, 2014, 26(16): 2566-2571
Gogoi M, Jaiswal M K, Sarma H D, et al. Biocompatibility and
therapeutic evaluation of magnetic liposomes designed for self-
controlled cancer hyperthermia and chemotherapy. Integr Biol
(Camb),2017,9(6): 555-565



378 EMSESEYYIEHE  Prog. Biochem. Biophys. 2019; 46 (4)

Magnetic Hyperthermia Using Iron Oxides Nanoparticles”
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Abstract  Hyperthermia is a major method for cancer treatment besides surgery, radiotherapy and
chemotherapy. It has been increasingly applied to prostate cancer, brain tumors, efc. in preclinical and/or clinical.
In this review, we discuss the physical mechanism, influencing factors of magnetothermal effect, and biologic

effects of current magnetic hyperthermia treatment using iron oxides nanoparticles.
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