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a b s t r a c t Superparamagnetic iron oxide nanoparticles, Fe3O4 and c-Fe2O3, were produced by the so-called polyol process. In order to stabilize the particles in a physiological environment as potential contrast agents for Magnetic Resonance Imaging (MRI), the as-prepared particles were successfully transferred to an aqueous medium through ligand exchange chemistry of the adsorbed polyol species with the dopamine or the catechaldehyde. The ligands were able to participate in bidentate binding to the nanoparticles surface and to improve the stability of aqueous suspensions of the nanoparticles. Analysis was performed by various techniques including X-ray diffraction, transmission electron microscopy, infrared spectroscopy and thermal analysis. The results of magnetic measurements and initial in vitro magnetic resonance imaging essays are presented for the pre- and post-surface modiﬁed nanoparticles, respectively and discussed in relation with their structure and microstructure. Ó 2009 Elsevier Inc. All rights reserved.



1. Introduction Colloids of Superparamagnetic Iron Oxide Nanoparticles (SPIONs), Fe3O4 (magnetite) and c-Fe2O3 (maghemite) with appropriate surface chemistry are considered as promising advanced materials for biomedical applications for their chemical stability, low toxicity, and suitable magnetization [1,2]. These nanoparticles are usually produced by classic co-precipitation in bulk aqueous solution without a simultaneous control of the size and the crystalline quality [2–5], which very often need post-size-selection process and/or thermal treatment. They can be also produced by more sophisticated synthesis routes as size controlled monodisperse particles exhibiting high crystallinity. These methods are based on a thermal decomposition of metal–organic precursors in high boiling organic solvents in the presence of stabilizing ligands [6,7]. Unfortunately a surface treatment step is always needed to remove the ligands. We developed an alternative sol– gel synthesis route based on the forced hydrolysis of metallic salts in a polyol which permits to produce oxide particles with monitored size, narrow size distribution and improved magnetic characteristics [8–10]. The polyol acts as a solvent as well as a surfactant. Therefore, chelation of the solid nuclei by the polyol, simultaneously to its formation, on one hand limits the particle growth, and on the other hand prevents agglomeration. Furthermore, since * Corresponding author. Fax: +33 157 27 72 63. E-mail address: [email protected] (S. Ammar). 0021-9797/$ - see front matter Ó 2009 Elsevier Inc. All rights reserved. doi:10.1016/j.jcis.2009.09.043



the used polyols are generally low-weight molecules, they may act as weak stabilizers, which can be removed, quite easily, from the particle surface in water, leading to surface chemistry exchange induced by speciﬁc functional groups. Usually, to be biocompatible, SPIONs are coated by hydrophilic polymers such as dextran or polyethyleneglycol [11–14]. Such polymeric coated SPIONs exhibit a high hydrodynamic diameter, which is a limiting factor to cross the overall endovascular epithelium barrier [15–17]. Therefore, to overcome this fundamental problem, small intermediary hydrophilic molecules are required [18–20]. Although the as-prepared particles, as mentioned above, have excellent features, they often have been anchored with unspeciﬁc ligands to their surface. Therefore, one must undergo further modiﬁcations and post-synthetic reactions to make them chemically functional by speciﬁc groups. Moreover, stability of the bonding between the speciﬁc functional molecules and nanoparticles is crucial for most medical applications because the particle is the key to tracking or targeting treatments that the functional molecule is to perform. Previous spectroscopic studies suggested that bidentate enediols could tightly bind to iron oxide materials, leading to a stable chelate [18,21–25]. We choose dopamine and catechaldehyde as the catechol derivative anchors since they bear reactive chemical group such as amino and formyl group, respectively, which will act as coupling link for further conjugation with cell targeting agents. We present here our main results on the synthesis by the polyol process of size controlled monodisperse magnetite and maghemite
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particles and their functionalization by dopamine and catechaldehyde to produce stable aqueous colloids which were tested in vitro for Magnetic Resonance Imaging (MRI) application.



2. Experimental 2.1. Nanoparticles synthesis and ligand exchange procedure Iron(II) acetate as metal precursor, bis(2-hydroxyethyl)ether or diethyleneglycol (hereafter abbreviated to as DEG) as solvent, 3,4dihydroxyphenylethylamine hydrochloride (dopamine hydrochloride) (hereafter dopamine will be abbreviated to as DA), and 3,4dihydroxybenzaldehyde (catechaldehyde) (hereafter abbreviated to as CAL) were purchased from ACROS Organics. All chemicals were used as received without further puriﬁcation. Deionized water was used in these preparations. For the synthesis of the magnetite and maghemite nanoparticles, an appropriate amount of Iron(II) acetate precursor was added to a given volume (125 mL) of DEG to reach a nominal iron cations concentration of 0.2 M. The mixture was then reﬂuxed at a rate of 6 °C min1 under mechanical stirring up to boiling point, and then maintained at this temperature for about 2 h. The powders were washed several times with ethanol, then with acetone under ultrasonication with intermittent centrifugation and then dried in air at 50 °C. These two yielded iron oxides, Fe3O4 (magnetite) and c-Fe2O3 (maghemite) could be preliminary distinguished by their black and brown color, respectively [26]. The main factor governing the formation of either magnetite or maghemite is the hydrolysis ratio (h), deﬁned by the nominal water per iron molar ratio. The precipitates were obtained for h 1 and 11, respectively. We should underline that variation of h could favor the formation of the non-magnetic red powder hematite iron oxide (a-Fe2O3) [27,28]. For this reason we limit the higher h value to 11. Hereafter the as-prepared iron oxide particles are labeled to as Fe3O4 and c-Fe2O3. These pre-functionalized particles do not form stable dispersion in water even under vigorous ultrasonication and vortexing for long time. For ligand exchange procedure of the catechol derivatives, DA or CAL, for the polyol species, 5 mg of the pre-functionalized particles were added to 10 mL of deionized water. Then, to ensure the maximum coating with the catechol derivatives, excess of DA or CAL was slowly added to the above mixture with assistance of ultrasonication and vortexing. Sedimentation of the dispersed particles could be observed by addition of excess of acetone with the help of a lab. magnet. The obtained precipitate could be readily dispersed in water forming a very stable colloid. Subsequent precipitation–dispersion could be repeated until a dopamine or catechaldehyde free supernatant was not obtained. These species could be checked by UV–visible by the presence of peak at 280 nm. Hereafter, the obtained suspensions as well as their corresponding dried powders are labeled to as Fe3O4-DA, c-Fe2O3-DA, Fe3O4CAL, and c-Fe2O3-CAL, respectively.



2.2. Characterization techniques The total amount of iron ions was analyzed by UV–visible spectrophotometric titrations using a calibration curve of standard iron(III) thiocyanate complexes at a wavelength of 481 nm after dissolution of an appropriate amount of powder in concentrated hydrochloric acid and after addition of a given volume of 30 wt.% H2O2 solution to oxidize Fe2+ ions in Fe3+ ones. In parallel, the ferrous species were analyzed by potassium permanganate titration, after dissolution of an appropriate amount of powder in concentrated sulfuric acid.
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The powders were characterized by X-ray diffraction (XRD) on a PANalytical X’pert Pro in the 2h (°) range 10–120 with a scan step of 0.05, using the CoKa radiation (k = 0.1789 nm). The reﬁnement of the unit cell parameter was carried out by the Rietveld method [29]. The average crystallite size was estimated from the (3 1 1) diffraction line broadening using the Scherrer formula and a pseudo-Voight peak proﬁle. The size and shape of prepared particles were analyzed on a JEOL-100-CX II Transmission Electron Microscope (TEM) operating at 100 kV equipped with an energy dispersive spectrometer (EDX). Specimens for observation in the TEM were prepared by slowly evaporating at room temperature of a drop on amorphous carbon-coated copper grids from the catechol derivatives colloids. FT-IR transmission spectra were recorded on a Bruker Equinox spectrometer in the range 400–4000 cm1 using KBr pellet technique on dried samples of the pre- and post-functionalized particles. On these same samples, thermal analyses (TG/DTA) were performed in a Setaram TGA92 apparatus from room temperature up to 800 °C in air at a heating rate of 20 °C min1. The magnetic studies were conducted on the as-produced powders with a Quantum Design MPMS-5S SQUID magnetometer. The thermal variation of the magnetic dc-susceptibility v(T) was measured in the Field cooling (FC) and zero-ﬁeld cooling (ZFC) modes between 4.5 and 310 K in magnetic ﬁelds, H, of 200 Oe. The ZFCmagnetization as a function of H curves M(H) were obtained between H = 30 and 30 kOe at 5 and 300 K. Hydrodynamic size distribution was measured by Dynamic Light Scattering (DLS) using a ZetaSizer NanoZS MALVERN instrument. Magnetic resonance imaging (MRI) experiments were performed on a Brucker (20 °C) on the prepared colloids. The T1 and T2 relaxation times of the medium were measured for different iron oxide concentrations (0.345, 0.621, 0.759, 1035 mM) in deionized water. To obtain MR images at 4.7 T, the samples were placed in a section of a plate and Inversion-Recovery and CPMG spin echo images were obtained at 37 °C (TR = 4000 ms, TE = 8, 16, 40, 64, 80, 120, 160 ms, FOV = 4 cm, 256  256 matrix, slice thickness = 1.5 mm). Deionized water was taken as a control sample. Images were converted to T2 maps. The increase in r1 and r2 relaxation rates (s1) with increasing Fe concentration was analyzed by linear least squares regression analysis and correlation coefﬁcients higher than 0.98 were obtained. T1 relaxivity and T2 relaxivity (s1 mM1) were calculated from the slope of the linear plots of R1 and R2 versus Fe concentration.



3. Results and discussion 3.1. Analysis of the particles The elemental analysis by EDX of the as-produced particles showed that the as-synthesized powders contain the elements Fe, O and a trace of C ( 

 Lihat lebih banyak...



Comentários



























Relatórios "Catechol derivatives-coated Fe 3O 4 and γ-Fe 2O 3 nanoparticles as potential MRI contrast agents "






Por favor, preencha este formulário, tentaremos o mais rápido possível.


Teu nome




Correio eletrônico




Razão
-Escolha um motivo-
Pornografia
Difamação
Ilegal / Haram
Spam
Outros termos de serviço
Arquivar uma reclamação de direitos autorais





Descrição do Produto








Fechar
Enviar














Download "Catechol derivatives-coated Fe 3O 4 and γ-Fe 2O 3 nanoparticles as potential MRI contrast agents "





Somos uma comunidade de intercâmbio. Por favor, ajude-nos com a subida  1  um novo documento ou um que queremos baixar:



ARQUIVO DO DOCUMENTO DE ATUALIZAÇÃO


OU DOWNLOAD IMEDIATAMENTE













Fechar













Compartilhar e Incorporar "Catechol derivatives-coated Fe 3O 4 and γ-Fe 2O 3 nanoparticles as potential MRI contrast agents "





Copie e cole esse script de incorporação para o local onde deseja incorporar



Incluir Script




Tamanho(px)
750x600
750x500
600x500
600x400





URL










Fechar











 
 
 



Sobre nós | 
Termos | 
Privacidade | 
Direito autoral | 
Contato










Copyright © 2017 DADOSPDF Inc.






