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1. Introduction. Objectives
•

•

•
•

Being one of the most aggressive and invasive types of brain cancer, glioblastoma
multiform leads to very low survival rates, caused by high recurrence and therapy
resistance.
The aim of this study was to obtain and evaluate iron oxide nanosystems for the
magnetic targeted delivery of doxorubicin chemotherapeutic in human glioblastoma
cell cultures.
The chemotherapy using nanoparticles promises to reduce the adverse effects of
classical chemotherapy, to enhance its efficiency and patients comfort.
Nanoparticle- mediated chemotherapy uses low quantities of active substances due to
the fact that it targets the tumor and provides a controlled time of delivery.

Principle of chemotherapeutic delivery using nanoparticles for cancer treatment;
figure adapted from [Popescu et al, Current Proteomics, 11(2), 2014].
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2. Synthesis of nanoparticles
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Iron oxide nanoparticles were synthesized
using a modified chemical co-precipitation
method
and
functionalized
with
polyethylene glycol by in situ conjugation
(Fe3O4@PEG
6K),
followed
by
doxorubicin (DOX) loading (during 24
and 48h).
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3. Characterization of nanoparticles
Structural and compositional characterization

Scanning electron microscopy (SEM) images for Fe3 O4 ,
Fe3 O4 @PEG 6K and Fe3 O4 @PEG 6K/ DOX (48);

Highly
crystalline
Fe3O4@PEG
6K
nanoparticles with spinel structure and
an average diameter of 8.81 ± 1.96 nm
were obtained.
DOX loading ability of Fe3O4@PEG 6K
was:
•

Fe3O4@PEG 6K/DOX (24) à 0.49 wt%,
24.5% loading efficiency;

•

Fe3O4@PEG 6K/DOX (48) à 0.81 wt%,
40.95% loading efficiency.

Transmission electron microscopy (TEM) images (a, b), high
resolution TEM (HR-TEM) (c), respectively selected area
electron diffraction (SAED) spectrum (d) for Fe3 O4 @PEG 6K;
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3. Characterization of nanoparticles
Drug delivery under magnetic stimulation
•

•

•

Using high amplitude alternating magnetic fields, the DOX-loaded nanoparticles
were subjected to controlled drug release testing and the Specific Absorption Rate
(SAR) was calculated from the time-temperature dependence after magnetic
stimulation.
The drug release was proportional with the corresponding thermal variation of the
sample during magnetic stimulation, leading to a maximum release of 78.2%
Fe3O4@PEG 6K/DOX (24), respectively 72.12% for Fe3O4@PEG 6K/DOX (48) (for 2
kW magnetic field).
The maximum calculated SAR value (43.68 ± 1.25 kW/kg) was obtained for
Fe3O4@PEG 6K/DOX (48) nanosystems.

Compact 5kW induction heating system used for magnetic stimulation; image from the producer website
[https://ultraflexpower.com]
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3. Characterization of nanoparticles
Drug delivery under magnetic stimulation

Dependence of heating ability after
different magnetic fields exposure:
Fe3O4@PEG 6K, Fe3O4@PEG 6K
(24), respectively Fe3O4@PEG 6K
(48);
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4. Biological evaluation
•

•

•

•

The in vitro evaluation of the nanosystems was done for U-87 MG human
glioblastoma cells using the MTS tetrazolium-salt metabolic assay and microscopic
characterization of the morphology.
Internalization of the nanoparticles was quantitatively measured using particle
induced X-Ray emission (PIXE).

Unloaded Fe3O4@PEG 6K nanoparticles showed a biocompatible behaviour for
all concentrations, while Fe3O4@PEG 6K/DOX induced an improved cytotoxic
effect of the nanoparticles after loading the chemotherapeutic substance.
PIXE analysis showed a significant difference between the amount of internalized
nanoparticles per cell, in case of Fe3O4@PEG 6K/DOX (24) (1325.63 ± 164.41
pg/ cell), compared to both Fe3O4@PEG 6K (601.48 ± 152.65 pg/ cell) and
Fe3O4@PEG 6K/DOX (48) (828.2 ± 22.3 pg/ cell) (P<0.05).
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4. Biological evaluation

Magnetic targeting of Fe3 O4@PEG 6K (/DOX) nanoparticles
experimental setup: schematic representation (A) and photographs of
the experimental setup (B, C);

(A) Viability of U-87 MG human glioblastoma cells after nanoparticle
exposure and magnetic targeting during 24h; (B) quantity of
internalized nanoparticles per cell; data is presented as mean ±SEM;
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4. Biological evaluation

U-87 MG human glioblastoma cells morphology after magnetic targeting using different
concentrations of Fe3O4@PEG 6K/ DOX (48) nanoparticles (250 µg/mL A-B, respectively 125
µg/mL C-D): control areas (A, C), respectively targeted areas (B, D); measure bar 100 µm;
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5. Conclusions
•
•
•
•
•
•
•
•
•

Successful synthesis and in situ functionalization of iron oxide nanoparticles Fe3O4
with polyethylene glycol (PEG), by employing a chemical co-precipitation method;
TEM and SAED characterization revealed the obtaining of highly crystalline face
centered spinel structured magnetite nanoparticles;
Average diameter of nanoparticles was 8.81 ± 1.96 nm;
Doxorubicin was added by absorption leading to an efficient loading, dependent
on the time of loading;
The magnetic stimulation determined a drug release of about 70% of the
encapsulated quantity;
In vitro magnetic targeting of the nanoparticles to U-87 MG human glioblastoma
cells lead to the nanoparticles efficient internalization in the peri-nuclear area of
the cells;
Drug-free nanoparticles showed a biocompatible behaviour for U-87 MG cells;
In vitro magnetic delivery of doxorubicin determined an increased cytotoxicity
against U-87 MG tumor cells, which was proportional with the internalized
nanoparticles concentration.
Magnetic targeting of Fe3O4@PEG 6K/(DOX) determined their intracellular
internalization in the peri- nuclear areas of U-87 MG human glioblastoma cells and
local doxorubicin delivery leading to increased cytotoxicity.
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