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Effect of Magnetite Composite
on the Amount of Double Strand Breaks Induced with X-Rays
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The aim of this study was to find out if polylactide (PLA) modified with magnetite might affect the amount
of DNA double strand breaks induced with X-rays. The human osteosarcoma cells (MG63) were seeded on the
polystyrene cell culture dishes (PS), PLA and PLA modified with magnetite substrates. The double strand breaks
were analyzed after X-ray irradiation (dose rate 2 Gy/min), in the first day of culturing. The number of dou-
ble strand breaks increased in the PLA modified with magnetite, for example after 1 Gy of X-rays irradiation,
double strand breaks/cell equaled: 24.5 vs. 17.5 and 17.3, for PLA modified with magnetite vs. PLA and PS,
p < 0.0003. We conclude that PLA modified with magnetite changed the number of double strand breaks induced
with X-rays. However, more research is needed to confirm that such composite might be considered as radiosensi-
tizer in radiotherapy.
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1. Introduction
Magnetite, due to the magnetic properties, can be con-

sidered as radiosensitizer in radiotherapy [1]. However,
despite its non-toxic parameters for cells, it may be cumu-
lated in some human organs, not necessarily in those that
require radiotherapy [2]. Thus, the application of mag-
netite in composites would allow limiting particles to lo-
cal destinations and also using low concentration of iron,
which seems to be advantageous from the standpoint
of medical applications. The aim of this study was to
find out if bioresorbable polylactide (PLA) modified with
magnetite might affect the radiosensitivity measured as
the amount of DNA double strand breaks (DSBs) in-
duced with X-rays in osteosarcoma cells.

2. Materials and methods
2.1. Polylactide composite modified with magnetite
The samples were produced using PLA (Ingeo 3051D)

purchased from NatureWorks. The polymer was dis-
solved in dichloromethane (POCH) at 10 wt%. The com-
posite material was produced by a casting method us-
ing 1 wt% of the magnetite (Sigma Aldrich). The pure
polylactide was reference material. The surface state of
polylactide modified with 1% magnetite was character-
ized by the dynamic method of wetting angle determi-
nation (static drop method) (DSA10Mk2, Kruss, Ger-
many). The roughness was measured using a static pro-
filometer with ceramic head manufactured from Hommel
Werke Company. Magnetic measurements of composite
were performed on a Vibrating Sample Magnetometer
(VSM — LakeShore’s 7300 model). Magnetic properties
of composite and pure magnetite were compared.
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2.2. DSBs detection in γ-H2AX foci assay
The human osteosarcoma cancer cells (cell line MG63,

European Collection of Cell Cultures, Salisbury, UK)
were seeded on: (a) polystyrene cell culture dishes (PS)
(Sarstedt, Germany), (b) PLA, (c) the composite PLA
with 1% magnetite. The day after seeding, MG63 cells
were irradiated with X-rays (doses of: 1, 2, and 4 Gy, dose
rate 2.1 Gy/min) from the X-Ray Tube MG325 (250 kV,
10 mA). Then, they were incubated for 1 h and sub-
jected to the procedure of γ-H2AX foci immunostaining
(according to [3]). The number of γ-H2AX foci per cell
was counted. At least 100 cells per sample was analyzed.
The experiment was repeated twice. The numbers of γ-
H2AX foci were expressed as Means ± SD. The one way
analysis of variance (ANOVA) was performed. The p val-
ues equal to or less than 0.05 were considered significant.

3. Results and discussion
The surface characteristics parameters confirmed bio-

compatibility of composite under study. The value of the
contact angle for the composite was slightly higher than
the value for the pure polymer (θ = 77.3◦ vs. θ = 78.7◦).
This means that the composite material possessed more
hydrophilic surface than pure PLA. Magnetite in the
polymer slightly affected the surface roughness. The ad-
dition of magnetite to the polylactide caused changes in
properties of the surface.

The roughness profile (on the base of Ra parameter
— arithmetic mean deviation of the assessed profile) for
the pure polymer was about 1 µm, and the composite
value increased to approximately 1.5 µm (Fig. 1). Re-
sults obtained for Rz parameter indicated the increase
of maximum height of the composite profile. Rt param-
eter (the distance between the highest and the lowest
points on the surface) confirmed the highest roughness of
composite in comparison to pure polylactide. The best
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cellular alignment was found on the 1 µm-wide polylac-
tide substrates [4]. However, an increase of the com-
posite roughness enhanced osteoblast’s adhesion, which
was observed by Stodolak et al. [5]. Pure polylactide has
no magnetic properties, while the addition of magnetite
gives magnetic properties of the entire composite.

Fig. 1. Surface roughness of materials. Ra — arith-
metic mean deviation of the assessed profile, Rt — total
height of the profile: height distance between the deep-
est valley and the highest peak on the evaluation length,
Rz — maximum height of the profile.

Fig. 2. Hysteresis loop for composite PLA modified
with 1% magnetite. Inset table shows comparison of
magnetic properties of the composite vs. the pure mag-
netite.

Magnetic properties of applied composite and pure
magnetite was compared (Fig. 2). The remanence for
pure modifier stands at 85.93 emu/g while for the com-
posite 1.47 emu/g. The coercivity was almost constant
(14.83 mT for the pure magnetite and 15.35 mT for the
composite). This means the external magnetic field with
the same value for both the composite as well as for the
pure magnetite is needed to reduce remanence to zero
value. The smaller value of saturation magnetization for

composite in comparison to pure magnetite indicated the
magnetization at a maximum value of external magnetic
field. This value is proportional to the amount of mag-
netite in the sample.

There was no influence of substrates on presence of
DSBs in non-irradiated cells (Fig. 3). At about 3–4 γ-
H2AX foci per cell were observed, meaning that applied
materials were not genotoxic. However, magnetic parti-
cles enhanced number of DSBs induced by X-ray (Fig. 3).
For all applied doses (1, 2, 4 Gy), the composite with
magnetite statistically significantly increased the number
of DSBs induced by X-rays.

Fig. 3. Number of gamma-H2AX foci (marker of DNA
double strand breaks) in MG63 cells after X-ray irradi-
ation. Statistical signal ∗p < 0.0003, ∗ ∗ p < 0.02.

We conclude that PLA modified with magnetite
changed the number of DSBs induced with X-rays.
However, further research is needed to confirm that
such composite might be considered as radiosensitizer in
radiotherapy.
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