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Removal of Blood-Borne Toxin in the Body Using Magnetic Nanospheres

Blood-borne toxins, that is, substances circulating within the bloodstream causing adverse side effects, can originate from various sources. 

For example, ingestion of biohazards can occur with the intake of contaminated food, while other toxins penetrate through the skin or are readily taken up by the lungs via inhalation of particulates. There are also less frequent but more extreme potential cases of toxin releases such as from biological and chemical weapons of mass destruction. 
Use of functionalized nanoparticles:
The use of functionalized nanoparticles offers many potential, biomedical applications due to the versatility of applied receptors or encapsulation of drugs for targeted delivery. In order for the nanoparticles to be used in the body, the particles must have attributes that allow them to flow freely through the circulatory system. The particles used

· must be of the proper size (100–2000 nm)

· be hidden to the immune system (PEG has been shown to be effective for vascular survival), 
· and possess magnetic components and receptors (allowing targeted delivery of drugs or recovery of toxins). 
A novel approach for detoxification of blood borne toxins from humans is being advanced through the use of functionalized, magnetic nanospheres. 
Nanospheres:

The nanospheres are proposed for intravascular injection and circulation through the blood stream, thus capturing and selectively binding to the toxins via receptors on the particle surface. Subsequent removal of the toxin-bound particles is achieved using a magnetic filter unit allowing purified blood to return to the body. The magnetic nanospheres can be tailored with various receptors (conjugated to the surface of the particles) as applicable, to treat chemical, biological, or radiological agents.

The current treatments of blood detoxification (hemodialysis, plasmapheresis, immunoadsorbant detoxification methods) are plagued with many problems such as long treatment times (at least several hours), requiring large volumes of blood to be filtered extra-corporeally, which is risky for the patient, the possibility of causing serious side effects due to the introduction of the chelator with high concentration to the patient. 
The use of functionalized nanoparticles for detoxification would eliminate and address all of the disadvantages of the current treatment technologies. Efficient removal of the toxin from simple electrolyte solutions (saline) and blood. Toxin loadings of 70% have been achieved using 400 nm latex streptavidin-coated magnetic nanoparticles with a single contact.
Bio and Nanomaterials Based on Fe3O4 

Owing to the unique properties, such as superparamagnetism, high surface area, large surface-to-volume ratio, low toxicity, easy separation under external magnetic fields, Fe3O4 nanoparticles have enormous potential in the fields such as immobilization of biomaterials, bioseparation, environmental treatment, biomedical and bioengineering usage, and food analysis. 
Various fabrication methods have been developed for the synthesis of Fe3O4 nanoparticles, including the physical methods, wet chemical preparation methods and microbial methods. 
Since the bare Fe3O4 nanoparticles often have poor stability and dispersity, various modification methods have been exploited to get the soluble and biocompatible Fe3O4 nanoparticles. 
Methods for Preparation of Fe3O4 Nanoparticles: 

The outstanding potential of Fe3O4 nanoparticles has stimulated the extensive development of the synthetic technologies, which could be broadly classified into three categories: physical, chemical and biological methods. 
1) Physical methods, such as electron beam lithography, gas-phase deposition, and mechanical techniques. Externally controlled tools like traditional workshop or microfabrication equipment are often involved in physical methods, where are used to process materials into the desired shape and order. Although physical methods are easy to perform, it is rather difficult for them to control the particle size. 
2) Wet chemical preparation methods, such as sol-gel synthesis, oxidation method, reduction method, chemical co-precipitation, hydrothermal reactions, solvothermal method, thermal decomposition method, flow injection synthesis, electrochemical method, aerosol/vapor phase method, sonochemical decomposition reactions, supercritical fluid method, synthesis using nonreactors. 
In the case of wet chemical preparation methods, relatively less energy was consumed compared with that of physical methods. Among wet chemical preparation methods, co-precipitation of Fe3+ and Fe2+ salts is a most often employed method to prepare water-borne iron oxide nanoparticles. 
3) Microbial method is an environment friendly nanoparticle formation processes which can produce 5–90 nm pure magnetite or metal-substituted magnetite without usage of toxic chemicals in their synthesis process. Microbial method represents an advantageous manufacturing technology with respect to high yield, good reproducibility, and good scalability, as well as low costs and low energy input, but the fermentation process is rather time-consuming. 
Modification of Fe3O4 Magnetic Nanoparticles 

Because of the high surface energy, the naked Fe3O4 nanoparticles are generally unstable and aggregate easily, which strongly affects their dispersion into aqueous medium. In addition, Fe3O4 nanoparticles are highly susceptible to be oxidized to γ-Fe2O3 nanoparticles in the presence of oxygen. To overcome such limitations, various surface modification methods have been developed to modify the surface of naked Fe3O4 nanoparticles via loading of other chemicals or biological materials during or after the synthesis process to improve the dispersibility, stability, biocompatibility and biodegradability for specific purposes. The common reagents employed for modification of Fe3O4 nanoparticles includes surfactants  (such as oleic acid(OA), lauric acid, alkane sulfonic acids, and alkane phosphonic acids), polymers (such as polyethylene glycol (PEG), polyvinylpyrrolidone (PVP), poly (ethylene-co-vinyl acetate), polylactic acids, starch, albumin,  liposomes, ethyl cellulose etc. 
The methods of modification of Fe3O4 nanoparticles mainly include physical immobilization, covalent conjugation, and biologically mediated specific interaction. 
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Fig: Schematic representation for interaction of oleic acid (OA) modified Fe3O4 nanoparticles with sodium carbonate. OA is chemically bound to Fe3O4 nanoparticles by the carboxyl head group (-COOH) and the hydrophobic tail group is free, making it  non-dispersible in aqueous medium. The hydrophobic tail in turn interacts with the free OA via hydrophobic interactions. The formulation is stabilized in aqueous medium by ionization of the carboxyl head group of free OA by sodium carbonate, wherein Na+ interact by ionic interactions with COO− group of free OA. 

Applications of Fe3O4 Nanoparticles  

Due to the unique properties, Fe3O4 nanoparticles appear to be very promising for their applications in protein immobilization, bioseparation, environments treatment, biomedical and bioengineering usage, and food analysis.  

1) Protein Immobilization 
Protein immobilization serves as a very effective tool to solve the difficulties encountered in the catalytic application of free enzymes, such as poor stability and hard recovery. It is of vital importance to select proper immobilization basis for protein immobilization. Fe3O4 nanoparticles have been intensively utilized to realize this objective due to its unique magnetic performance, and various practical and economical biocatalysts with improved stability and reusability have been fabricated based on Fe3O4 nanoparticles, which could be easily separated from the reaction medium in the presence of external magnetic field 
2) Bioseparation 
Magnetic separation is a commonly used technique for polypeptide/protein separation and cell separation. Magnetic separation possesses several advantages such as timesaving, gentle, easily automated, and can be directly used to remove target compounds from crude medium by the simple application of an external magnetic field. To construct Fe3O4 based composite nanomaterials for separation, core/shell microspheres are generally fabricated with a Fe3O4 as a core and other functional materials as a shell.
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Fig: Illustration of the separation mechanism of affinity chromatography utilizing Fe3O4 based composite as packing material. 
3) Environmental Treatment 
As a result of rapid industrialization and urbanization, various pollutants particularly those entering aquatic systems have attracted worldwide concern. Due to the extremely small particle size, high surface-area-to-volume ratio, and more important the magnetism, Fe3O4 nanoparticles have been widely used and have shown promising performance in environments treatment, including pollutant removal and toxicity mitigation. Proper surface coating cannot only improve the removal capacity and affinity of the Fe3O4 nanoparticles, but also promote the desorption process. Pollutants generally adsorb to the surface of Fe3O4 nanoparticles through interactions including physical adsorption, ion-exchange, chemical bonding (complexation and/or chelation), hydrogen bonds, and van der Wall forces. Fe3O4/ZrO2/chitosan composite was synthesized and employed for the removal of amaranth and tartrazine dyes removal, the adsorption capacities of which were 99.6 and 47.3 mg/g for amaranth and tartrazine dyes, respectively. 
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Fig: Illustration of the moval and recovery of Hg (II) using thiol-functionalized mesoporous silica-coated magnetite nanoparticles. 
In the real engineering applications, the strategically utilization of Fe3O4 nanoparticles should consider the complex environmental conditions such as background ions, humic substances, temperature, and pH.  
4) Biomedical Usage 
Fe3O4 nanoparticles with appropriate surface properties have been widely used for numerous biomedical and bioengineering applications such as targeted drug delivery, biosensor, magnetic resonance imaging, hyperthermia, tissue engineering, magnetofection, etc. All these applications require that these nanoparticles not only possess high magnetization values, but also with narrow particle size distribution and similar surface topography, so that the particles have uniform physical and chemical properties. Moreover, the magnetic nanoparticles for biomedical applications should be non-toxic and biocompatible. In a word, both of the nature and the geometric arrangement of surface coatings on the nanoparticles have apparent influence on bio-kinetics and bio-distribution of nanoparticles in the body. 
1) Targeted Drug Delivery 
Due to the unique capabilities (e.g., superparamagnetism and biocompatibility) and the negligible side effects, magnetic Fe3O4 nanoparticles with proper surface modification and conjugated targeting ligands/molecules have become a major research focus for drug delivery applications. Drug carried by magnetic nanoparticles could be concentrated at the desired site to receive much high therapeutic efficiency. A core-shell structure consisting of a magnetic core and a shell is preferred in magnetic drug-delivery systems to achieve sufficient drug loading capacity and good transportation effect. 
2) Biosensor 
Fe3O4 nanoparticles based bioanalytical sensors could be fabricated by coating Fe3O4 nanoparticles with materials such as a fluorescent one, a metal, silica, or a  polymer.

3) Magnetic Resonance Imaging 
Magnetic resonance imaging (MRI) is a commonly used non-invasive medical imaging technique in clinical medicine to visualize the structure and function of tissues, which is based on the behavior, alignment and interaction of protons in the presence of an applied magnetic field.
4) Hyperthermia 
Magnetic induction hyperthermia means the exposition of cancer tissues to an alternating magnetic field, in which heat is generated due to magnetic hysteresis loss. Cancer cells exposed to magnetic particles will heat up to a temperature higher than 43 °C, at which the cancer cells are destroyed whereas the normal cells can survive. 
5) Tissue Engineering 
Tissue engineering is a promising technology for overcoming the organ transplantation crisis, and the fabricated tissue equivalents may also be used to screen the effects of drugs and toxins. The three-dimensional constructs (scaffolds or hydrogels) functioning similarly as under in vivo conditions was developed The cells generally isolated from a tissue biopsy, cultured in vitro, subsequently seeded into the three dimensional constructs. 
6) Magnetofection 
Magnetofection rely on the delivery of nucleic acids (e.g., DNA, antisense oligodeoxynucleotides (AODN), and small interfering ribonucleic acids (siRNA) into the targeted cells in presence of a magnetic field. The delivery of nucleic acids using viral vectors is called transduction, whereas the delivery using non-viral vectors is termed transfection. The negatively charged nucleic acids generally interact with MNPs chemically modified by cationic substances such as PEI or protamine sulfate polymers, which could contribute to the intracellular penetration. The application of an external Fe3O4 magnetic field directs viral or non-viral gene delivery vectors facilitates fast and efficient nucleic acid delivery towards the target cells. 
5) Food Analysis 
Magnetic nanoparticles such as Fe3O4 are of special interest for food analysis not only because the unique properties such as low toxicity, good biocompatibility, large specific surface area, high capacity for charge transfer and convenient separation from a reaction mixture with an external magnetic field, but also for the rapid, highly selective and sensitive detection of food contaminants and food components after the proper surface modification. Fe3O4 nanoparticles are usually involved in detection techniques for food analysis in two ways: electrode modifier and sample pre-concentrator. Fe3O4 nanoparticles have been widely used in many detection techniques for food analysis, including PCR, immunoassay, HPLC, LC-MS/MS, and optical method. 
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Fig: Illustration of the process of target bacteria separation using superparamagnetic  nano-immunobeads (SPM-NIBs). 
