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Superparamagnetic Iron Oxide Nanoparticles:

A material is superparamagnetic if it is made of very small single-domain non-interacting magnetic1 grains dispersed in some non-magnetic medium.

Superparamagnetic iron oxide nanoparticles (SPION) with appropriate surface chemistry have been widely used experimentally for numerous in-vivo applications. All the biomedical and bioengineering applications require that these nanoparticles have high magnetization values and size smaller than 100 nm with overall narrow particle size distribution, so that the particles have uniform physical and chemical properties. 
In addition, these applications need special surface coating of the magnetic particles, which has to be not only non-toxic and biocompatible but also allow a targetable delivery with particle localization in a specific area. 
Nature of surface coatings and their subsequent geometric arrangement on the nanoparticles determine not only the overall size of the colloid but also play a significant role in biokinetics and biodistribution of nanoparticles in the body. The types of specific coating, or derivatization, for these nanoparticles depend on the end application and should be chosen by keeping a particular application in mind, whether it be aimed at inflammation response or anti-cancer agents. 
Applications:
· Magnetic nanoparticles can bind to drugs, proteins, enzymes, antibodies, or nucleotides and can be directed to an organ, tissue, or tumour using an external magnetic field or can be heated in alternating magnetic fields for use in hyperthermia. 
· They are used in diagnosis and therapeutics due to their unique properties of small size, large surface area to volume ratio, high reactivity to the living cells, stability over high temperatures and translocation into the cells, etc.
·  They are available in different sizes and shapes due to their ability to react and agglomerate with other nanoparticles in their surroundings. 
· They also exhibit exceptional optical properties making them capable of producing quantum effects suitable for imaging applications. Most commonly studied metal nanoparticles include gold, silver, titanium oxide and iron nanoparticles. 
· Among these, gold being inert and relatively less cytotoxic is extensively used for various applications including drug and gene delivery. 

· However, due to their “nano” size, their entry is easily facilitated into various cells posing one of the greatest difficulties in using these nanoparticles for targeted delivery to specific tissues. To obviate this problem, researchers have been conjugating these nanoparticles with various biomolecules and ligands to develop strategies for targeted delivery. 
· Gold nanoparticles (GNPs) and their biomedical applications have been reviewed recently indicating enormous growth in this field. The current review focuses on methods of bioconjugation of GNPs, their potential biomedical applications, toxicity and distribution in vitro and in vivo.
Core/Shell Nanoparticles :
The core/shell means a structure comprising two materials for example a polymer and some metal, in which there is a core and the surrounding medium is shell. 

Applications:

1. Core/Shell nanoparticles are finding wide spread applications in all fields. Things such as cabinet and car doors contain nanoparticles which improve their durability. 

2. At a large scale the industries that make most use of these materials are the chemical, electronics, biomedical, civil and mechanical Industries. 
3. They are used as catalysts, modifiers, fillers, thermal and mechanical property enhancers, sensor material due to high sensitivity to slight changes in parameter. 
4. The diverse branches of the industry where nanoparticles are being recognized are bioimaging, drug delivery, biomarkers and transplants. 

Bioimaging 

Biological imaging may refer to any imaging technique used in biology.
Uses of magnetic nano particles:

· The imaging modalities in which core/shell nanoparticles are used are MRI and luminescence. 

· Magnetic nanoparticles iron oxide or cobalt core particles are used to enhance MRI images by improving contrast. 
· Core/shell nanoparticles can enter the cells and they have better spin-lattice relaxation time. Thus the contrast is better. These particles are found to be biocompatible, so they seem very promising. 
· The luminescent particles are particles that fluoresce by absorbing light over in a wavelength range and emit in the visible or near-IR range. The nanoparticles with NIR region emission are still being worked on as the cells do not emit in the same range. Thus signal to noise ratio is high.  Though they cannot be easily applied to in-depth live cell imaging, the application is not impossible. 
· Similarly particles that emit in the UV-visible range sometimes have low signal  to noise ratio. But the composition and particle size can be varied to get appropriate emission and detection is also a lot  easier. 
· The present trend are the up conversion nanoparticles  which show anti-stokes emission and these are brighter than down conversion nanoparticles that show stokes emission. 
· The ranges of nanoparticles that are luminescent are semiconductor nanoparticles, lanthanide based nanoparticles, and gold coated silica nanoparticles and the like. 
· Multifunctional nanoparticles that have magnetic and luminescent properties can also be  synthesized by choosing appropriate core and shell. This helps in obtaining clear 3D images.

Drug Delivery :
Drug delivery refers to approaches, formulations, technologies, and systems for transporting a pharmaceutical compound in the body as needed to safely achieve its desired therapeutic effect.
· Core/Shell structures serve a wide category of drug delivery application. The particles are biocompatible, have the ability to be conjugated to molecules without affecting the core and also can be used to encapsulate drugs. The material of choice decides the multifunctional nature of the particles. They can be structured so that they can be used for imaging and for drug delivery. 

· Drug eluting stents made of nanocomposite material are being worked upon to reduce abrasion.

· The core/shell nanoparticles with antibacterial seems promising for the manufacture of catheters which shall reduce infections that are caused by catheter contamination. 
· The drugs can be targeted to specific locations by attaching biomolecules such as antibodies to the surface of nanoparticles.
· This is very useful when it comes to targeting tumor cells.
· Thermo sensitive and pH sensitive nanoparticles can be used for environment controlled delivery of drug from the particles. 
· Bifunctional nanoparticles with a luminescent core and shell conjugated with a biomolecule/drug that can be used for targeting /drug delivery and imaging. 
· Drug loaded contact lenses are an elucidation of how these materials can be used for encapsulating drugs.
Define in-vivo, ex-vivo and in-vitro and also explain difference among them? 

In-vivo is Latin word for "within the living". 

Studies that are in-vivo are those in which the effects of various biological entities are tested on whole living organism. In other words, in-vivo refers to experimentation or measurements done on whole living organisms. Living organisms include usually animals, humans and plants. Animal testing and clinical trials are major elements of in-vivo research. In-vivo means that the study was performed on a whole, living organism, rather than an organ or a few bits of tissue in a petri dish or test tube, which would be referred to as “in vitro”. In-vivo testing is often employed over in vitro because it is better suited for observing the overall effects of an experiment on a living subject.
Ex-vivo is Latin word for "out of the living". 

Ex-vivo takes place outside an organism. In science, ex-vivo refers to experimentation or measurements done in or on living tissue in an artificial environment outside the organism with the minimum alteration of the natural conditions. Within the field of microbiology the term “ex vivo” meaning “from the living” is used to refer to live cells cultured from a living organism, as from a biopsy. Ex-vivo conditions allow experimentation under highly controlled conditions impossible in the intact organism, although at the expense of looking at the tissue in its "natural" environment. 
In vitro is Latin for “within the glass” 
This refers to the technique of performing a given procedure in a controlled environment outside of a living organism. Some may argue that in vitro refers to a process that is created in a test tube (or is contained in a petri dish). Many experiments in cellular biology are conducted outside of organisms or cells; because the test conditions may not correspond to the conditions inside of the organism, this may lead to results that do not correspond to the situation that arises in a living organism. Consequently, such experimental results are often annotated with in-vitro, in contradistinction with in-vivo.
The most common "ex-vivo" procedures involve living cells or tissues taken from an organism and cultured in a laboratory apparatus, usually under sterile conditions and no alterations done for a time period of few hours to 24 hrs. Experiments lasting longer than this using living cells or tissue are typically considered to be "in vitro". In-vitro experiments are done outside of the body, such as in a test tube or laboratory dish. The major difference is that ex-vivo involves the use of tissues where as in vitru of involves the use of artificial media. 


