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Synthesis, Characterization and Evaluation of Cytotoxicity
Characteristics of Magnetite Nanoparticles Coated by Polyvinyl Alcohol
for Biomedical Applications

M.Tabhriri, F. Moztarzadeh, M. Raz and M. Ashuri

1.Biomaterials Group, Faculty of Biomedical Engineering, Amirkabir University of Technology, Tehran,
Iran

Abstract: In this study, magnetite (Fe;0,) nanoparticles were synthesized by chemical co-precipitation from the solution
containing iron salts in alkaline medium under N, gas and room temperature. Magnetite nanoparticles were characterized by X-
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ray diffraction (XRD), Fourier transform infrared spectrometer (FTIR), scanning electron microscopy (SEM), transmission
electron microscopy (TEM), thermal gravimetric analysis (TGA), differential thermal analysis (DTA), Brunauer-Emmet-Teller
(BET), and vibrating-sample magnetometer (VSM). The rheological properties of magnetite ferrofluid were examined by
rheology apparatus. The biocompatibility and cytotoxity of magnetite nanoparticles were evaluated by 3T3 and fibroblast cells.
The results showed that the Fe;0, magnetite nanoparticles coated by polyvinyl alcohol (PVA) could be an appropriate candidate

for biomedical applications.

Keywords: Synthesis; Magnetite nanoparticles; Coating; Polyvinyl alcohol; Biomedical applications
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30. pinning sites
31. particles surface spins
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X-ray diffraction(XRD) 18.ultrasmall superparamagnetic exchange interactions
Fourier Transform Infra-Red (FT-IR) iron oxide (USPIO) 33. core-shell

scanning Electron microscopy (SEM) 19. coercivity 34. bulk magnetic saturation
transmission  electron microscopy 20. saturation magnetization 35.Lu

(TEM) 21.residual magnetization 36. magnetic particle size
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12. optical microscopy (OM)

13. magnetic resonance imaging (MRI)

14. nanocarrier

26. pinning

1. Levy, L., Sahoo, Y., Kim, K. S., Bergey, E. J., and
Prasad, P. N., “Nanochemistry: synthesis and
Characterization of Multifunctional Nanoclinics for
Biological Applications,” Chem. Mater., Vol. 14,
pp- 37153721, 2002;.

2. Lian, S., Wang, E., Kang, Z., Bai, Y., Gao, L., Jiang,
M., Hu, C., and Xu, L., “Synthesis of Magnetite
Nanorods and Porous Hematite Nanorods,” Solid
State Commun., Vol. 129, pp. 485-490, 2004.

3. Zaitsev, V. S., Filimonov, D. S., Presnyakov, 1. A,
Gambino, R. J., and Chu, B., “Physical and Chemical
Properties of Magnetite and Magnetite-Polymer
Nanoparticles and Their Colloidal Dispersions,”
Journal of Colloid Interface Science, Vol. 212,
pp. 49-57, 1999.

4. Lian, S., Kanga, Z., Wang E, Jiang, M., Hu and C.,
Xu, L., “Convenient Synthesis of Single Crystalline
Magnetic Fe;O4 Nanorods,” Solid State Commun.,
Vol. 127, pp. 605-608, 2003.

5. Sun, Y. K., Ma, M., Zhang, Y., and Gu, N,
“Synthesis of Nanometer-size Magnetite Particles
from Magnetite,” Colloid Surfactant A: Physico-
Chemical Engineering Aspects, Vol. 245, Vol. 15-19,
2004.

WWAY Sler o) Syled Y Jlo e odkign 3 48 iy 34

22.blocking temperature
23. Wiistite (FeO)

24. domain wall width
25. domain Wall Motion

37. Initial Magnetic susceptibility
38. magnetoviscous effect
39. shear thinning

27. exchange stiffness
28. effective anisotropy constant
29. exchange energy density

e

6. Todd, P., Cooper, R., Doyle, J., Dunn, S., Vellinger,
J., and Deuser, M., “Multistage Magnetic Particle
Separator,” J. Magn. Magn. Mater., Vol. 225,
pp- 294-300, 2001.

7. Chen, S., Feng, J., Guo, X., Hong, J., and Ding, W.,
“One-Step Chemistry for Preparation of Magnetite
Nanorods, ” Mater. Lett., Vol. 59, pp. 985-988, 2005.

8. Bae, D. S., Han, K. S., Cho, S. B., and Choi, S. H.,
“Synthesis of Ultrafine Fe;04; Powder by
Glycothermal Process,” Mater. Lett., Vol. 37,
pp. 255-258, 1998.

9. Pei, W., Kumada, H., Natusme, T., Saito, H., and
Ishio, S., “Study on Magnetite Nanoparticles
Synthesized by Chemical Method, ” J. Magn. Magn.
Mater., Vol. 310, pp. 2375-2377, 2007.

10. Miirbe, J., Rechtenbach, A., and Topfer, I,
“Synthesis and Physical Characterization of
Magnetite Nanoparticles for Biomedical
Applications,” Mater. Chem. Phys., Vol. 110,
pp- 426-433, 2008.

11.Kim, D. H,, Lee, S. H., Im, K. H., Kim, K. N., Kim,
K. M., Shim, I. B., Lee, M. H.,, and Lee, Y.,
“Surface-Modified Magnetite Nanoparticles for
Hyperthermia: Preparation, Characterization, and

A


https://dorl.net/dor/20.1001.1.2251600.1392.32.1.3.2

[ DOR: 20.1001.1.2251600.1392.32.1.3.2 ]

Cytotoxicity Studies,” Current Appl. Phys., Vol. 6,
pp. 242-246, 2006.

12.Kim, D. K., Zhang, Y., Voit, W., Rao, K. V., and
Muhammed, M., “Synthesis and Characterization of
Surfactant-Coated Superparamagnetic Monodispersed
Iron Oxide Nanoparticles,” J. Magn. Magn. Mater.,
Vol. 225, pp. 30-36, 2001.

13. Bocanegra-Diaz, A., Mohallem, N., and Sinisterra,
R., “Preparation of a Ferrofluid Using Cyclodextrin
and Magnetit,” J. Braz. Chem. Soc., Vol. 14, pp. 936-
941, 2003.

14.Huang, Z., Tang, F. and Zhang, L., “Morphology
Control and Texture of Fe;O4 Nanoparticle-Coated
Polystyrene Microspheres by Ethylene Glycol in
Forced Hydrolysis Reaction,” Thin Solids Film,
Vol. 471, pp. 105-112, 2005.

15.Dutz, S., Hergt, R., Murbe, J., Muller, R., Zeisberger,
M., Andra, W., Topfer, J., and Bellemann, M. E.,
“Hysteresis Losses of Magnetic Nanoparticle

v

Powders in the Single Domain Size Range,” J. Magn.
Magn. Mater., Vol. 308, pp. 305-312, 2007.

16.Lu, M. H., Zheng, W. T., and Jiang, Q., “Saturation
Magnetization of Ferromagnetic and Ferromagnetic
Nanocrystals at Room Temperature,” J. Phys. D:
Appl. Phys., Vol. 40, pp. 320-325, 2007.

17.Liu, Z. L., Liu, Y. J., Yao, K. L., Ding, Z. H., Tao, J.,
and Wang, X., “Synthesis and Magnetic Properties of
Fe304 Nanoparticles,” J. Mater. Syn. Proc., Vol. 10,
pp. 83-87, 2002.

18.Bacri, J. C., Perzynski, R., Cabuil, D. S. V., and
Massart, R., “Ionic Ferrofluids: A Crossing of
Chemistry and Physics,” J. Magn. Magn. Mater.,
Vol. 85, pp. 27-32, 1990.

19. Pankhurst, Q. A., Connolly, J., Jones, S. K., and
Dobson, J., “Applications of Magnetic Nanoparticles
in Biomedicine”, J. Phys. D: Appl. Phys., Vol. 36,
pp- 167-181, 2003.

\Yay )L@.z o) S)LQ-'-.:J XY JL»I c‘-gwu\a@-ﬁ DL ‘\-\3}-:«3-1 Jl}‘


https://dorl.net/dor/20.1001.1.2251600.1392.32.1.3.2
http://www.tcpdf.org

