
ABSTRACT 
      The synthesis of dextran coated iron oxide magnetic nanoparticles (DIO-NPs) with spherical shape exhibiting uniform size distribution is reported in this study.The XRD analysis of DIO-NPs by Rietveld refine-

ment of X-ray diffraction patterns clearly identified a single phase of maghemite and the spinel cubic structure with Fd3m space group has been confirmed. The resulting Bragg R-factor (RB) and chi squared (χ2) were 

0.574 and 1.05 respectively.  The average size, deduced from the XRD data refinement, has a value of 7.08 nm for DIO-NPs, consistent with the mean sizes deduced from TEM observations. Therefore, the X-ray dif-

fraction patterns and HR-TEM give feature characteristics of the maghemite structure. The adsorption of dextran on the surface of iron oxide was evidenced by Attenuated Total Reflectance Fourier transform Infrared 

(ATR-FTIR) spectroscopy. The biocompatibility of DIO-NPs was assessed by cell viability and cytoskeleton analysis.  Histopathology analysis was performed after 24 hours, 7 and 30 days respectively from the intra-

tracheal instillation of a solution containing 0.5, 2.5 or 5 mg/kg DIO-NPs. The pathological micrographs of lungs derived from rats collected after the intratracheal instillation with a solution containing 0.5 mg/kg and 

2.5 mg/kg DIO-NPs show that the lungs have preserved the architecture of the control specimen with no significant differences. However, even at concentrations of 5 mg/kg the effect of DIO-NPS on the lungs was 

markedly reduced at 30 days post-treatment.   

EXPERIMENTAL SECTION 
Iron dichloride tetrahydrate (FeCl2·4H2O) in 2 M HCl and iron trichloride hexahydrate (FeCl3·6H2O) were mixed at 90°C (Fe2+/Fe3+= ½). The mixture was dropped into dextran (20 g in 100 mL of water) and 200 

mL of NaOH (2 mol·L−1) solution under vigorous stirring for about 30 min. The resulting solution was heated at 90°C for 1 h with continuous agitation (200 rotations/min). The 5 M NaOH was added dropwise to ob-

tain a pH of 11. The precipitate was centrifuged and treated repeatedly with perchloric acid (3 mol·L−1) solution until the Fe2+/Fe3+ ratio in the solid was approximately 0.05. After the last separation by centrifugation, 

the particles were dispersed into dextran (20 g in 100 mL of water). The product was dried at 40°C .  

The toxicity of the uniform, spherical obtained nanoparticles with 7.08 ± 0.3 nm in size has been investigated by in vitro and in vivo assays. At the tested concentrations, the nanoparticles proved to be not cytotoxic 

on HeLa cells and did not modify the rat’s behavior or the histopathological aspect of liver, kidney, lung and spleen tissues. Intraperitoneal injection of dextran coated iron oxide  nanoparticles at several concentrations 

showed a normal macroscopic histopathological behavior of  lung after 24 h for each concentration in the treated group compared with the control. Therefore, the preserved architecture of the control or slightly patholo-

gical changes of liver, kidney, lung and spleen joint were induced by the low-dose of DIO-NPs. The results of the present study suggested that the DIO-NPs could be used for future therapeutic alternative treatment 

strategies. 
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 The diffraction pattern of DIO-NPs shows the peaks that correspond to an fcc maghemite structure (ICSD card no. 01-083-0112) characterized by diffraction planes (220), (311), (400), (422), (511), and (440). No 

additional diffraction peaks of any impurity were detected, demonstrating the high purity of the synthesized samples. The resulting Bragg R-factor (RB) and chi squared (χ2) were 0.574 and 1.05 respectively.  The ave-

rage size, deduced from the XRD data refinement, has a value of 7.08 nm for DIO-NPs, consistent with the mean sizes deduced from TEM observations. The clear lattice fringe in the HR-TEM image demonstrates the 

well crystalline nature of resultant nanoparticles. The interplanar distances of 2.51, 2.08, and 1.60 Å were attributed to the (311), (400), and (511) planes of maghemite, respectively. Therefore, both X-ray diffraction 

patterns and HR-TEM give feature characteristics of the maghemite structure.  

  The biocompatibility of DIO-NPs was assessed by an in vitro cytotoxicity test using HeLa cells. The results have shown that the obtained nano-

particles were not cytotoxic on the HeLa cells after 24 h exposure to a suspension of DIO-NPs (200 µl) nanoparticles diluted 100 times (B), as re-

vealed by the absence of dead, red cells stained with propidium iodide .  

 

Light optical image of the lung after 24h exposure to 

dextran coated iron oxide nanoparticles at a concentration 

of  0.5  mg/kg (B), 2.5 mg/kg (C) and  5 mg/kg (D). The ref-

erence sample is also presented (A). 
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HRTEM images and size distributions of DIO-NPs. HRTEM images  (A); Size distribution

(B).  

X-ray diffraction pattern of synthesized DIO-NPs. Ex-

perimental (blue), calculated (solid line gray). 

Inverted microscope image of HeLa cells after 24 h exposure to o a 

suspension of DIO-NPs (200 µl) nanoparticles diluted 100 times (B). Con-

trol cells cultured in free medium were run in parallel to the treated groups 

(A) (x 200). 
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 The in vivo toxicity evaluation of the lung  after 24 h from intratracheal instillation of various concentrations of DIO-NPs in rats was observed by histopathological investigations.  After 24 h from intratracheal 

instillation, the rats showed particle-induced modifications that were dependent on the concentrations used. After 24 h from the intratracheal instillation of DIO-NPs, the lung parenchyma of the rats showed preser-

ved alveolar architecture with rare macrophages in the alveolar septa. We could see that the pathological micrographs of lung in rats after the intratracheal instillation of DIO-NPs show that the lung has preserved 

the architecture of the control  specimen, with no significant differences. After microscopic examination of the lung and spleen 24 h from intratracheal instillation of  DIO-NPs in rats, we can see that none of the or-

gans other than the lung revealed any related toxic response, in good agreement with previous studies  

 The in vivo toxicity evaluation of the DIO-NPs was done using  Male 

Brown Norway rats purchased from the National Institute of Research 

and Development for Microbiology and Immunology “Cantacuzino,” 

Bucharest.  The rats were anesthetized with ether and the instillation was 

perfomed using a nonsurgical intratracheal method. The rats were eu-

thanized and sacrificed after 24 h, one week  and  30 days from the instil-

lation, according to the Guide for the Care and Use of Laboratory Ani-

mals. All animals were humanely treated and were monitored for any po-

tential suffering.  


