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This paper reports a new synthesis method to control the size of iron oxide nanoparticles (IONs) by adding sodium citrate 

during fabrication to obtain sodium citrate-modified iron oxide nanoparticles (SCIONs). The method was simpler and more 

effective than the syntheticprocess of ferumoxytol, a commercial nano-sized iron agent. Compared with otheriron agents 

which were prepared using branched polymers to form a carbohydrate shell, our SCIONs were tightly bound within a 

nonionic carbohydrate matrix. The physicochemical properties of SCIONs were characterized, and the results showed that 

these nanoparticles could be stably stored in water for six months without sediment. The cytotoxity evaluation of SCIONs 

indicated that they were biocompatible to cells. The effect of iron supply by SCIONs was assessed by measuring the 

retention of iron ions in the serum, and the results demonstrated that the synthesized SCIONs are very promising for 

intravenous iron supply. 

Introduction 

Parenteral iron therapy is effective in variety of diseases 

which are caused by iron deficiency. The most used parenteral 

iron agents are divided into two categories: i) intramuscular 

injection agents; ii) intravenous injection agents (Fig. S1).
1
 Existing 

strategies have their limitations. For example, the intramuscular 

injection agents work slowly and associate with many adverse 

reactions. In addition, they would color the muscle at the injection 

site.
2
 The intravenous iron agents have been widely used in clinical 

practice due to their fast absorption and rare side effect.
3-5

 

Intravenous iron agents include iron-chelated agents and 

nanometer iron agents (NMIA). Compared with iron-chelated agents, 

NMIA has higher iron concentrations and good curative effect for 

anemia.
6, 7

 

NMIA generally consist of an iron core and a modified shell, 

such as dextran, glucose and polysaccharide.
8, 9

The iron cores of 

NMIA were usually composed of hydroxyl-bonded Fe
3+

 or iron 

trioxide. The iron agent produced by Luipold Pharmaceuticals Inc. 

was made up of iron-hydroxyl and glucose. The sizes of glucose-

coated NMIA and the iron core were approximately 35 nm and 7 nm, 

respectively.
10

 The ferumoxytol prepared by AMAG Inc. Ltd. is 

another kind of NMIA, which was composed of Fe2O3 nanoparticles. 

The size of ferumoxyol is 17-31 nm. Currently, the efficiency of iron 

supplement was better compared with other iron supplements, 

whichcan also be used in magnetic resonance imaging.
11-14

 

Iron oxide nanoparticles (IONs) serve as the iron core of 

NMIA.
6, 9

At present, the main synthetic methods of IONs are 

chemical co-precipitation,
15-17

thermal decomposition,
18, 19

 

hydrothermal method,
20, 21

 and sol-gel method.
22

Compared with 

other methods, chemical co-precipitation is simple, low 

temperature and relatively rapid. However, the modification 

procedure of IONs obtained from chemical co-precipitation is 

complex.For example, in the preparation of ferumoxytol, 

carboxymethyl-dextran was coatedonto the IONs as carbohydrate 

shell.
11 Therefore, a straightforward and environmental friendly 

method for synthesizing IONscoated with modified shell need to be 

developed. 

As a stabilizer and acidity regulator in food industry, sodium 

citrate (SC) can also be used as anticoagulant in the pharmaceutical 

industry.
23 In the process of IONs modification, SC is employed as 

stabilizer in the after-treatment of IONs obtained by hydrothermal 

method, thermal decomposition method and co-precipitation 

method.
24, 25

Polyethyleimine (PEI) coated IONs were synthesized 

through co-precipitation and modified by SC and PEI, which was 

used in the absorption for hexavalent chromium.
26

 

This work provided a simple and one pot method for 

synthesizing IONs with different sizes by adding different 

concentrations of SC. The generated IONs aretermed as SCIONs. The 

stability of SCIONs was tested in different salinity levels. The 

efficiency of iron supply in serum and in vivo was investigated by 

injecting SCIONs into serum and the body of mice. The 

biocompatibility of SCIONs in vitro was studied by measuring the 
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toxicity in cells. 

Experimental 

Materials 

Ferric chloride (FeCl3·6H2O, F102739-500g), ferrous chloride 

(FeCl2·4H2O, I110788-500g), ammonium hydroxide (NH3·H2O, 25-

28%, A112081-500ml), sodium citrate (SC, S116312-500g), nitric 

acid (HNO3, N116240-500ml), and potassium thiocyanate (KSCN, 

P112195-500g) were purchased from Aladdin.  

Dulbecco modified eagle medium(DMEM, C11995500BT), roswell 

park memorial institute medium (RPMI 1640, 11875500BT) and 

fetal bovine serum (FBS, 10099-141) were obtained from Thermo 

Fisher Scientific. Cell counting kit-8 (CCK-8, CK04-4) kits were 

purchased from Dojindo Laboratories. Reactive oxygen species (ROS) 

assay kit (C1300) of 2', 7'-dichlorofluorescein diacetate (DCFH-DA) 

was prepared by Applygen Technologies Inc.. Mouse fibroblast cell 

line (3T3) and Mouse macrophagocyte cell line (Raw 264.7) were 

supplied by Shanghai Ge Fan Biological Technology, Inc. 

Balb/c mice (male, 18-22 g) were supplied by Vital River Laboratory 

(VRL). 

Preparation of SC modified iron oxide nanoparticles(SCIONs) 

The SCIONs were synthesized by chemical co-precipitation of ferric 

chloride and ferrous chloride in the presence of sodium citrate (SC). 

The procedure was described as follows: ferric chloride(0.6 g), 

ferrous chloride(0.3 g) and SC (0, 0.02, 0.10, 0.20, 0.40, 0.60, 1.0 g) 

were dissolved in 20 ml distilled water, and the molar ratio of ferric 

chloride and ferrous chloride was 2:1. We controlled the additive 

amount of SC to obtain IONs of different sizes, and the additive 

amounts of SC were controlled from 0 to 5 wt%, respectively. After 

filtered by 0.22 μm membrane (Millipore), the mixture was heated 

to 80 
o
C coupled with stirring. Then, ammonium hydroxide was 

added to this mixture and the black solution of IONs was obtained 

after reacting for an hour. Finally, the nanoparticles were dialyzed 

by using distilled water in a beaker and the end products were 

called SCIONs. 

Characterization of SCIONs 

Fourier transform infrared spectra were collected from SCIONs in 

KBr from 4000 cm
-1

 to 450 cm
-1

 by Fourier transforms infrared 

spectrometer (FT-IR) (Spectrum One, Perkin Elmer Instruments Co. 

Led). Zeta potential and size distribution of SCIONs were measured 

by laser particle size analyzer (Zetasizer Nano ZS, Malvern). The 

morphology of SCIONs was captured by Transmission Electron 

Microscope (TEM) (Tecnai G2 20 S-TWIN, FEI) at 200 kV. The 

crystallization of SCIONs was studied by XRD, and the patterns were 

recorded at an operating voltage of 40 kV and current of 20 mA 

(D/MAX-2000, Rigaku).The effect of ion concentration on stability of 

SCIONs was evaluated by adding SCIONs in solutions with different 

concentrations of sodium chloride. 

The efficiency of iron supplement in vitro and in vivo 

IONs could combine with haemoglobin in blood. The method for 

measuring the release rate of iron supply agent in serum was 

described by a US patent.
27, 28

 In this method, iron ions would be 

released from iron supply agent in serum, unbounded iron would 

pass an alumina column, which would be collected after this 

procedure. However, this method was not fit with our system, so we 

created a new method to assess the efficiency of SCIONs for iron 

supplying in serum. First, 100 μlof SCIONs solution was added into 

100 μl of serum and the mixture was stirred for 24 h. Through 

filtration by Millipore, solutions in vessels were collected and 200 

μlof HNO3 was added to nitrify protein in serum. To measure their 

iron concentrations, 50 μl of KSCN was added into 50 μlof nitrolysis 

and the absorbance of the mixture was measured at 478 nm by 

multimode reader (Infinite M200,Tecan). Meanwhile, a non-serum 

test was conducted to confirm that there were only iron ions in the 

filtered solution. Via building a standard curve of ferric iron in 2% 

HNO3 (Fig. S2), iron concentrations in serum were detected. 

All animal experiments were performed according to protocols 

evaluated and approved by the ethical committee of West China 

Hospital, Sichuan University (Chengdu, China). When SCIONs 

nanoparticles were injected into animals body, metabolization 

would be finished after ten hours.
29

The efficiency of SCIONs for iron 

supply in animals was investigated by injecting SCIONs for mice 

(Balb/c, 20-23g) through caudal vein every other day, and the test 

lasted for two weeks. These mice were divided into two group, one 

was control groups (n=10) and another was experimental group 

(n=10).We collected the blood of mice every three days and 

measured the iron concentrations of these samples. Iron 

concentrations in blood samples were measured by UV-vis (UV-

2450, Shimadzu) and the results were compared with each other. 

Via building a standard curve of ferric iron in 2% HNO3 (Fig. S3), the 

iron concentrations in blood samples were obtained. 

Reactive oxygen species (ROS) assays 

ROS level was determined based on the reaction between ROS, such 

as the hydroxyl radical, and DCFH-DA. Mice macrophagocyte cells 

(raw 264.7) were chose in this work. These cells were allowed to 

grow for 12 h in a roswell park memorial institute medium (RPMI 

1640) plus 10% fetal bovine serum (FBS) at 37
o
C under 5% CO2. 

These adherent cells were dyed by DCFH-DA probe for 30 min and 

washed by PBS for three times. Then the stimulantswere added into 

these dyed cells and these dyed cells were incubated for 2 h. Finally, 

fluorescence intensity of treated cells was measured by microplate 

reader. 

Cytotoxicity of SCIONs 

A normal cell line, mouse embryo fibroblasts (3T3) were used in this 

study. The cells were cultured indulbecco modified eagle medium 

(DMEM) plus 10% fetal bovine serum (FBS) at 37
o
C under 5% CO2. 

The cells were plated at a dose of 10
4
 in 96-hole cell culture plate 

with three parallel and were allowed to grow for 12 hours. For 

preventing the evaporation of medium, phosphate buffer saline 

(PBS) was injected into the holes of 96-well plate. Then the SCIONs 

were added into the medium and the medium containing no agent 

was counted as control. The cells were incubated for 24 h with 

different amounts of SCIONs. After washed by PBS for three times, 

the toxicities of SCIONs were examined by CCK8 kit at 450 nm by 

multimode reader. 

Results and discussion 

As shown in Fig. 1, we employed SC as surfactant to disperse ferric 

chloride and ferrous chloride in distilled water. Carboxyl groups of 

SC have good adsorption ability to form chelates with metal atomic, 

and the chelates can stably exist in solution. Complexes formed by 

precursors and SC would control the reaction process and prevent 

the aggregation of nanoparticles. The nanoparticles obtained were 

named as SCIONs. 
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The presence of IONs in SCIONs was characterized by FTIR (Fig. 

2). The absorption peak at 580 cm
-1 

confirms the presence of Fe-O 

group, which was consistent with standard graph of IONs.
30 The 

results showed that the small absorption peaks of Fe-O were found 

withthe increased concentration of SC. 

Size distribution and zeta-potential of SCIONs were measured 

by laser granularity analyzer(Fig. 3). The sizes of SCIONs were varied 

from 220nm to 3 nm. The average sizes of SCIONs decreased along 

with the increase of SC amount. The results proved that the 

addition of SC was effective for size controlling of SCIONs in 

preparation process. When the additive amount of SC was 5 wt%, 

the anverage size of SCIONs was 3.11 nm. The variation of zeta 

potential of SCIONs was also exhibited in Fig. 3, in which the zeta 

potential decreased as the concentration of SC increased. Due to 

the addition of SC in synthetic procedure, the zeta potential of 

SCIONs was in a trend from a positive value to a negative one 

because of more carboxyl groups in solution.
31

 A comparative study 

of the physicochemical properties of intravenous iron agents was 

conducted, showing that the zeta potential of iron agents was 

ranged from -43.2 mV to +3.7 mV at pH value close to physiological 

pH.
6
 The dynamic light scattering was also applied to confirm 

theaverage sizes of these iron agents, and the size of them was 

within 50 nm. As a consequence, the size of SCIONs should be 

controlled within 50 nm to meet the requirement as a kind of iron 

agents. 

TEM image of SCIONs were displayed in Fig. 4. As the existence 

of 5 wt% SC in the synthetic procedure, we can see the particles 

were homodispersed in water, and the average size measured by 

Nano Measurer 1.2 was 2.18 nm,which was smaller than that 

measured by DLS. 

XRD spectrum of SCIONs was illustrated in Fig.5. The peaks 

with 2θ valuesof 30.09, 35.44, 43.07, 53.43, 56.96, 62.55 and 74.00 

are corresponded to thecrystal planes (220), (311), (400), (422), 

(511), (440) and (533) of crystallinemagnetite (JCPDS File no. 01-

085-1436), respectively.
32

 The spinel crystal structureof magnetite is 

very similar to that of maghemite. The iron oxide nanoparticles are 

often a mixture of magnetite and maghemite.
33

 

The stability of SCIONs in saline water was studied by adding 

them into solution with different concentrations of sodium 

chloride,ranging from 24.00 to 0.19 wt%. It can be seen that the 

nanoparticles were stable in solution of 0.75 wt% sodium chloride, 

and the same result was obtained in 0.90 wt% sodium chloride 

solution, indicating that the nanoparticles are suitable for normal 

physiological condition. When the iron oxides in saline water at 

higher NaCl concentrations than 0.90 wt.%, such as 24.00 wt%, the 

particles would deposit in 4 hours, and than would happen even in 

3 wt% saline water. 

 
Fig. 1 The procedure for synthesizing SCIONs. 

 

 
Fig. 2 Infrared spectrum of SCIONs with the additive amounts of SC 

of 0 wt% (a) and 3.0 wt% (b). 

 
Fig. 3 The size distribution and zeta-potential of SCIONs. SC 

concentrations in preparation procedure were varied from 0 wt% to 

5.0 wt% and the pH value of the iron oxide dispersions during zeta 

potential measurements were 6.7. 

 

 
Fig. 4 TEM image of SCIONs. SC concentrations in preparation 

procedurewas 5.0 wt%.  
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Fig. 5 XRD spectrum of SCIONs. SC concentrations in preparation 

procedure were 5.0 wt%. 

IONs in serum would combine hemoglobin and iron ions in 

nanoparticle would release into the serum within 24 hours.
27

 Iron 

supply efficiency of SCIONs was conducted by adding SCIONs into 

serum and DI-water for 24 hours.
6, 34

 The efficiency of SCIONs for 

iron supply in serum was provided in Fig. 6 and that in DI-water of 

the control group was shown in Fig. S4. In Fig. S4, iron 

concentrations were below 0.7 μg/ml after ultrafiltration. In Fig. 6, 

iron concentrations increased as the dose of SCIONs increased, 

higher than that in control group. The results confirmed that SCIONs 

would associate with hemoglobin in serum and dissolve in serum. 

Moreover, the efficiency of iron supplement was dose-dependent. 

The iron concentrations in serum after administration were also 

calculated, and the iron concentration in serum was dose 

dependent. The maximum concentration of iron was 5 μg/ml at a 

500 mg dose in 45 minutes, and the iron percent was 1.5%.
6
The iron 

concentration in serum was 15 μg/ml at the concentration of 

500µg/ml for 24 hours, and the dissolved percentof SCIONs was 

3.04% (Fig. S5). Compared with the literature, the supply of iron was 

more effective with lower level of iron agents. 

It was reported that IONs which was injected in to mice would 

exist in blood and circulate for 24 hours ending up in organization.
29

 

Results in serum also illustrated that IONs would associate with 

protein in serum and resolve in serum.
6
 It was reported that the 

effect on haemoglobin of parenteral iron and oral iron source was 

different, and the haematocrit of patients increased 5.5±1.9% and 

9.2±3.4% on day 7 and 17, respectively.
35

 The iron concentrations in 

serum after receiving parenteral iron were calculated by some 

researchers, and the iron level increased from 345±273 to 359±140 

μg/L. On the contrary, iron level of the control group decreased 

from 458±206 to 131±121μg/L.
36

 The results above indicated that 

iron agents were efficiency to anemia. The iron supply efficiency of 

SCIONs in mice was demonstrated in Fig. 7. However, as the 

program went on, thebody weight of mice decreased because 

continuousblood drawing. Compared with the control group, iron 

concentrations decreased more smoothly after continuous 

medication in experimental groups. The reduction rate of iron in 

experimental group was 27.92±4.39% on day 6, and that in control 

group was 38.70±1.95%, which showed that SCIONs can be used in 

iron supply for normal mouse. 

 

 
Fig. 6The iron concentrations in serum after ultrafiltration. 

 
Fig. 7 Iron supplement in balb/c mice ofthe control group (n=10) 

and experimental group(n=10). 

The cytotoxicity of SCIONs to 3T3 cells was measured by CCK-8 

kits, which was revealed in Fig. 8. The absorbance value was 

obtained from microplate reader at 450 nm, and the absorbance 

value of test group and control group were named as Atest and 

Acontrol, respectively. Cell viabilities were calculated by the following 

formula: Cell viability= Atest/Acontrol×100%. It was shown that the cell 

viabilities of all samples were pretty high. Even though when the 

percentage of SCIONs was maximal, the cell viabilities were more 

than 60%, which means the SCIONs have good biocompatibility for 

3T3 cells.
27

 

Fe3O4 would produce reactive oxygen species (ROS) in 

metabolic process, and the induced oxidative stress may cause 

tissue damage.
34, 37

In addition, ROS has been reported to be 

involved in signal transduction.
38

 Hence, high ROS levels can 

damage cell structure and function, and induce apoptosis or 

necrosis, which may ultimately result in pathological changes and 

lead to organ dysfunction or cancers. As a consequence, the 

amounts of ROS in treated cells must be detected. Fluoresce 

intensity of cells (the content of ROS) was collected at 525 nm via 

excitation at 485 nm, which was displayed in Fig. 9. After incubation 

with SCIONs, fluorescence intensity of cells was measured at 2, 5, 

12, 24 and 48 hours by a microplate reader. ROS concentration in 

experimental group (SCIONs and 5.0 wt% sodium citrate) was less 

than that in control group because the citrates on SCIONs would 
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react with ROS produced by cells.
39, 40

The above results indicated 

that SCIONs would not produce ROS in the procedure of cell 

metabolism, and these particles were safe to cells.
41

 

 
Fig. 8Cell viability of 3T3 cell line after treated by SCIONs. 

 

 
Fig. 9 ROS concentrations of Raw 264.7 cells treated by sodium 

citrate, SCIONs and PBS. 

Conclusions 

In summary, we have synthesized a series of SCIONs with different 

particle sizes from 220 nm to 3 nm. It was found that the size 

distribution and zeta potential of SCIONs decreased with an 

increasing concentration of SC. SCIONs can be stored stably in 

salinity solution for long time when the concentrations of sodium 

chloride rangedfrom0.75 to 0.90 wt%. SCIONs were non-toxic for 

3T3 cells and the concentrations of ROS in SCIONs-treated cells 

were no more than that in control group. The excellent iron 

supplemental efficiency of SCIONs in serum and mice showed that 

these SCIONs are promising for NMIA. 

Acknowledgements 

The authors gratefully acknowledge the financial support from 

theIndependent Innovation and Achievement Transformation 

Project in Shandong Province (2014CGZH0303), National Natural 

Science Foundation of China (81361140345, 51373043, 21535001), 

the Chinese Academy of Sciences (XDA09030305), the Ministry of 

Health (2012ZX10001-008), and the CAS/SAFEA International 

Partnership Program for Creative Research Teams for financial 

support. 

Notes and references 

1. G. R. Bailie, American journal of health-system pharmacy : 

AJHP : official journal of the American Society of Health-

System Pharmacists, 2012, 69, 310-320. 

2. R. L. Wingard, R. A. Parker, N. Ismail and R. M. Hakim, 

American Journal of Kidney Diseases, 1995, 25, 433-439. 

3. J. K. Hsiao, H. H. Chu, Y. H. Wang, C. W. Lai, P. T. Chou, S. 

T. Hsieh, J. L. Wang and H. M. Liu, NMR Biomed, 2008, 21, 

820-829. 

4. D. M. Hasan, K. B. Mahaney, V. A. Magnotta, D. K. Kung, 

M. T. Lawton, T. Hashimoto, H. R. Winn, D. Saloner, A. 

Martin, S. Gahramanov, E. Dosa, E. Neuwelt and W. L. 

Young, Arteriosclerosis, thrombosis, and vascular biology, 

2012, 32, 1032-1038. 

5. T. Christen, W. Ni, D. Qiu, H. Schmiedeskamp, R. Bammer, 

M. Moseley and G. Zaharchuk, Magn Reson Med, 2013, 

70, 705-710. 

6. M. R. Jahn, H. B. Andreasen, S. Futterer, T. Nawroth, V. 

Schunemann, U. Kolb, W. Hofmeister, M. Munoz, K. Bock, 

M. Meldal and P. Langguth, European journal of 

pharmaceutics and biopharmaceutics : official journal of 

Arbeitsgemeinschaft fur Pharmazeutische 

Verfahrenstechnik e.V, 2011, 78, 480-491. 

7. W. Reinisch, M. Staun, R. K. Tandon, I. Altorjay, A. V. 

Thillainayagam, C. Gratzer, S. Nijhawan and L. L. Thomsen, 

The American journal of gastroenterology, 2013, 108, 

1877-1888. 

8. G. M. Chertow, P. D. Mason, O. Vaage-Nilsen and J. 

Ahlmen, Nephrology, dialysis, transplantation : official 

publication of the European Dialysis and Transplant 

Association - European Renal Association, 2006, 21, 378-

382. 

9. C. G. Varallyay, E. Nesbit, R. Fu, S. Gahramanov, B. 

Moloney, E. Earl, L. L. Muldoon, X. Li, W. D. Rooney and E. 

A. Neuwelt, Journal of cerebral blood flow and 

metabolism : official journal of the International Society of 

Cerebral Blood Flow and Metabolism, 2013, 33, 780-786. 

10. United States Pat., US008895612B2, 2014. 

11. K. P. Doyle, L. N. Quach, H. E. Arceuil and M. S. 

Buckwalter, Neuroscience letters, 2015, 584, 236-240. 

12. M. Kowalczyk, M. Banach and J. Rysz, Journal of 

nephrology, 2011, 24, 717-722. 

13. A. B. Nayak, A. Luhar, M. Hanudel, B. Gales, T. R. Hall, J. P. 

Finn, I. B. Salusky and J. Zaritsky, Pediatric nephrology, 

2015, 30, 515-521. 

14. B. Schiller, P. Bhat and A. Sharma, Clinical therapeutics, 

2014, 36, 70-83. 

15. C. Yang, Y. Guan, J. Xing, G. Shan and H. Liu, Journal of 

Polymer Science Part A: Polymer Chemistry, 2008, 46, 203-

210. 

16. K. Liu, J. Nasrallah, L. Chen, L. Huang and Y. Ni, Carbohydr 

Polym, 2015, 126, 175-178. 

17. S. Xue, Y. Wang, M. Wang, L. Zhang, X. Du, H. Gu and C. 

Zhang, International journal of nanomedicine, 2014, 9, 

Page 5 of 6 RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t



ARTICLE Journal Name 

6 | J. Name., 2012, 00, 1-3 This journal is © The Royal Society of Chemistry 20xx 

Please do not adjust margins 

Please do not adjust margins 

2527-2538. 

18. L. Song, F. Zang, M. Song, G. Chen, Y. Zhang and N. Gu, 

Journal of Nanoscience and Nanotechnology, 2015, 15, 

4111-4118. 

19. S. Xie, B. Zhang, L. Wang, J. Wang, X. Li, G. Yang and F. 

Gao, Applied Surface Science, 2015, 326, 32-38. 

20. F.-h. Lin, H.-H. Peng, Y.-H. Yang and R.-a. Doong, Journal 

Of Nanoparticle Research, 2013, 15. 

21. J. Zeng, B. Jia, R. Qiao, C. Wang, L. Jing, F. Wang and M. 

Gao, Chem Commun (Camb), 2014, 50, 2170-2172. 

22. M. Bashir, S. Riaz and S. Naseem, Journal of Sol-Gel 

Science and Technology, 2014, 74, 281-289. 

23. Y. S. Wang and Z. Y. Wang, Journal of applied 

microbiology, 2012, 113, 135-142. 

24. M. Agueeros, S. Espuelas, I. Esparza, P. Calleja, I. Penuelas, 

G. Ponchel and J. M. Irache, Expert Opinion on Drug 

Delivery, 2011, 8, 721-734. 

25. M. Sun, S. Wang, Q. Song, Z. Wang, H. Wang, D. Ning, Q. 

Wei and A. Liu, Plos One, 2014, 9. 

26. L. Xu, L. Yang, M. Luo, X. Liang, X. Wei, J. Zhao and H. Liu, 

Journal of Hazardous Materials, 2011, 189, 787-793. 

27. Y. Guichard, J. Schmit, C. Darne, L. Gate, M. Goutet, D. 

Rousset, O. Rastoix, R. Wrobel, O. Witschger, A. Martin, V. 

Fierro and S. Binet, The Annals of occupational hygiene, 

2012, 56, 631-644. 

28. S. Klein, A. Sommer, L. V. R. Distel, J.-L. Hazemann, W. 

Kroener, W. Neuhuber, P. Mueller, O. Proux and C. 

Kryschi, Journal Of Physical Chemistry B, 2014, 118, 6159-

6166. 

29. N. Singh, G. J. S. Jenkins, R. Asadi and S. H. Doak, Nano 

Reviews, 2010, 1. 

30. T. Sun, W. T. Hao, J. R. Li, Z. J. Dong and C. L. Wu, Food 

chemistry, 2015, 183, 217-226. 

31. J. Kang, X. Hua, R. Yang, Y. Chen and H. Yang, Food 

chemistry, 2015, 180, 98-105. 

32. J. Wang, B. Zhang, L. Wang, M. Wang and F. Gao, 

Materials science & engineering. C, Materials for 

biological applications, 2015, 48, 416-423. 

33. L. Minati, V. Micheli, B. Rossi, C. Migliaresi, L. Dalbosco, G. 

Bao, S. Hou and G. Speranza, Applied Surface Science, 

2011, 257, 10863-10868. 

34. S. Klein, A. Sommer, L. V. Distel, J. L. Hazemann, W. 

Kroner, W. Neuhuber, P. Muller, O. Proux and C. Kryschi, 

The journal of physical chemistry. B, 2014, 118, 6159-

6166. 

35. C. R. C. Breymann, C. Huttner, R. Huch, A. Huch, European 

Journal of Clinical Investigation, 2000, 30, 154-161. 

36. B. T. lain C. Macdougall, Joanne Thompson, Charles R. V. 

Tomson, Laurence R. T. Baker, and Anthony E. G. Raine, 

Kidney International 1996, 50, 1694-1699. 

37. X. Y. Wang Guobin , Tao Kai xiong, Zhang Li , Li Jianxing, 

Xia Zefeng, Liu Jinwei, Central South Pharmacy, 2005, 3, 5-

7. 

38. P. Ma, Q. Luo, J. Chen, Y. Gan, J. Du, S. Ding, Z. Xi and X. 

Yang, International journal of nanomedicine, 2012, 7, 

4809-4818. 

39. S. A. Mason, R. Baptista, P. A. Della Gatta, A. Yousif, A. P. 

Russell and G. D. Wadley, Free radical biology & medicine, 

2014, 77, 130-138. 

40. P. Schlinkert, E. Casals, M. Boyles, U. Tischler, E. Hornig, N. 

Tran, J. Zhao, M. Himly, M. Riediker, G. J. Oostingh, V. 

Puntes and A. Duschl, J Nanobiotechnology, 2015, 13, 1. 

41. L. Yu, S. Wang, X. Chen, H. Yang, X. Li, Y. Xu and X. Zhu, 

Life sciences, 2015, 121, 104-109. 

 

Page 6 of 6RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t


