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Effects of Magnetic Fluid Hyperthermia Induced by An Alternative Magnetic Field
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[ Abstract ] Background and objective Magnetic fluid hyperthermia (MFH) is a method of heat therapy using
nanometer techniques and hyperthermia. It has the advantage of high specificity of targeting. The aim of this study is to de-
tect the effects of MFH induced by an alternating magnetic field on human being carcinoma A549 cells in vitro. Methods A
human adenocarcinoma cell line AS49 was cultured with various concentrations of ferroferric oxide (Fe,0,) magnetic fluid
(1.5-6.0) mg/mL and exposed to an alternative magnetic field (AMF) for 30 min. And then the optical density (OD) of
viable cell, cytotocixity index, growth curve of cells, morphologic changes of cell, cell cycle and aposptosis were measured.
Results The proliferation of the A549 cells were remarkably inhibited, the OD value of viable cells decreased and cytotox-
ity index (CI) increased; Apoptosis of the AS49 cells were observed to have cell shrinkage, chromatin condensation, mar-
gination, unclear fragmentation and intact cell membrane by light and electron microscopy; The cells were inhibited in the
stage S. Conclusion MFH induced by AMF could inhibit the proliferation, which promotes apoptosis and arrest at S stage
of the AS49 cells.
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Fig 1 SEM images of magnetic fluid particle. The picture showed ‘ T‘|me/h
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2,000,000). Fig 2 The growth curve of cells in different groups
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Fig 3 The apoptosis of A549 cells were observed and the cells were arrested at the stage S
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Tab 1 Comparison of cell cycles of A549 cells among different groups

Cell cycle
Group
G,/G, S G,/M
Control 56.58%1.25 29.62£0.16 13.08£1.06
Fe,0,1.5 mg/mL (40.1 °C) 55.17+0.78 30.43£1.03 14.41+0.72
Fe,0,3.0 mg/mL (42.5 °C) 50.15k1.16%* 31.83+0.17%* 18.01+0.05%*
Fe,0,4.5 mg/mL (45.1 °C) 45.81£0.46"* 33.63£0.11%* 20.67£0.18**
)

Fe,0,6.0 mg/mL (49.1 °C 46.9311.06%*

32.76+1.01%%2 20.31£1.185+

Comparison among groups, F value of Go/G;,, S and G,/M were 26.165, 11.231 and 50.314, P<0.001;

compared with control group, *P<0.05; compared with Fe,0, 1.5 mg/mL group, *P<0.05; compared with

Fe,0, 4.5 mg/mL group, “P>0.05.
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H, BEREAS, RTHAMME E:Fe,0,6.0 mg/mLA, ML,

Fig 4 Changes in cell morphology were observe by light microscopy (X400). A (Control group) and B (Fe,0, 1.5

mg/mL group): The human being carcinoma A549 cells have no evident changes; C (Fe,0,3.0 mg/mL group)

and D (Fe,0,4.5 mg/mL group): Most of the human being carcinoma A549 cells were observed to have cell

death, karyopyknosis by light microscopy; E (Fe,0,6.0 mg/mL group): All cells were observed to have cell death.
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Fig 5 Changes in cell morphology were observed by electron microscopy (X8,000). A (Control

group): Normal human being carcinoma A549 cell; B (Fe,0, 1.5 mg/mL group): A549 cells does not

have apparent change; C (Fe,0,3.0 mg/mL group): A549 cells were observed to have margination;

D (Fe,0,4.5 mg/mL group): A549 cells were observed to have a form of nuclear fragmentation in

apoptosis by electron microscopy; E (Fe,0,6.0 mg/mL group): Necrosis were observed at 49.1 °C.
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