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ABSTRACT

In the last few decades, the nanotechnology field has significantly
been progressed, leads to achieve success in synthesis and design of
functional nanoparticles for diagnostic and therapeutic applications.
Nanomedicine is one of the applications of nanotechnology in medical field
that can be used to formulate novel formulas for targeted drug delivery that
are potentially effective and safer, thus can lead to a reduction in drug side
effects and better patient outcomes. However, the clinical production of
these formulations has been limited due to costly and lengthy regulatory
processes and the inefficiency to assess the efficacy and safety of the

nanomedicines. Thus, innovative and rigorous models for preclinical testing
are needed to appraise these formulations to assure their future commercial
availability and successful clinical translation.
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INTRODUCTION

The study of nanomedicine has been started almost 50 years ago with the description of first lipid vesicles.
In last 15 years, nanoparticle-based medicine has really taken off. Nanomedicine is used for the preservation and
improvement of human health with the use of molecular tools and knowledge of the human anatomy 131 If we
scale down the material size to its molecular level, it will radically improve physical and chemical changes of the
material. Hence, use of nanomaterial in medicine provides a great progress in the prevention and treatment of
various deadly diseases. However nanomedicines are economic, promising and health impacts can be manipulated
in an integrated and safe way [#6l. Technical and medical understanding of nanomedicines will help in future
development and it is also crucial to understand the social and economic hurdles that hamper the
commercialization of nanomedicines.

Nanomedicines play a vital role in repairing, diagnosing and regulating human biological system at the
molecular level, with the use of engineered nanostructures and Nano devices [7-10, Nanomedicine is an industry
that comprise of more than 200 companies and 38 products worldwide with a minimum investment of $3.78 billion
per year in research and development of nanomedicines. In 2004, nanomedicines sale has crossed $6.36 billion
and in April 2006, it was anticipated that more than 125 nanotech-based drugs and delivery systems have been
developed globally. This gradual growth of nanomedicine industry will have crucial impact on the economy and
health care of the human race [11-16],

According to European Medical Research Councils of European Society of Foundation (EMRC- ESF)
nanomedicine is science of diagnosing, preventing and treating health issues, and also helps in relieving pain, with
the help of molecular tools and knowledge of the human structure [17-201. Broadly nanomedicines are categorized
into five disciplines: Nano imaging, analytical tools, Nano-devices and nanomaterial, new methods of
pharmaceutical treatment, ethics, toxicology, etc. in specific area of healthcare. In coming future, nanomedicine will
provide tools and methods useful for research and practice for clinical practice, which can revolutionize the way of
thinking and treatments applied in the health care sector [18-24],
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DIFFERENT DEVICES AND STRUCTURES USED BY NANOMEDICINE
Nanoparticles

Nanoparticles are designed to improve the bioavailability of drugs, as we know the bioavailability of several
drug is the major limitation in achieving more effective treatments [25271, However, very small size helps
nanoparticles to easily penetrate into cells and is a best carrier for different drugs. Nanomedicine has capacity to
deliver drug in the specific target cells and increases the efficacy of drug by eliminate the risk of toxicity [28-30],

Nanotubes

Physical modifications of nanostructures are done by nanotubes. Nanotubes are intensively used to
determine in-vitro and in-vivo drug delivery, because nanotubes can penetrate into cells without causing any toxic
effect to the cells. In present era Carbon nanotube based devices are being utilized in stem cell therapies and
tissue engineering, including neuronal regeneration [31-34],

Dendrimers

Dendrimer are type of synthetic nanostructures that are used in gene therapy or imaging. Dendrimers are
complex, nano-sized, branched polymer with nanometer scale dimensions [35.3¢], Dendrimers are comprised of three
main components: a central core, an interior dendritic structure and an exterior surface having functional surface
groups 371,

Liposomes

Liposomes are small spherical shaped artificial vesicles that can be developed from natural non-toxic
phospholipids and cholesterol. Due to small size, hydrophilic and hydrophobic nature liposomes are best drug
delivery carrier. Properties of liposome vary considerably with lipid composition, preparation method, size, and
surface charge [38-40],

Quantum dot

Quantum dots are small luminescent crystals that emit different colors. Researchers determining the use of
crystals in image-guided surgery, sensitive diagnostic tests and light-activated therapies 4142, Cadmium selenide
quantum dots are the mostly used, due to their applications not only in medicine, but also in solar cells, quantum
computers, light-emitting diodes etc 431,

Fullerene

Since the discovery of fullerenes in 1985, they have considerable attention in various fields of science.
Fullerenes are carbon spheres that are being used for a broad range of its applications in Nano medicine [44-47],
Fullerenes have unique electronic properties that make them fascinating candidate for diagnostic and therapeutic
applications. The fullerene family, and especially C60, has alluring physical and electrochemical properties, which
can be utilized in different fields of medicine [48-51],

Nanodevices

Implantable medical nanodevices help researchers perform automatic treatment from inside the patient’s
body. Bionic devices, interface with the neural systems and substitute the native function of the system, such as
bionic pressure controller, pacemaker are the potential candidates to reduction 52531, Nanobots are the future of
nanomachines. In future nanobots can sense and easily adapt to environmental stimuli such as sounds, heat, light,
chemicals and surface textures. Nanobots can also perform difficult calculations; communicate, work together and
move [54.55],

NANOSIZED TECHNOLOGIES FOR MEDICAL IMAGING AND TARGETED DRUG DELIVERY

Research’s main focus in medical disease diagnostics is molecular imaging. It can facilitate early stage
diagnosis, provide basic required knowledge on pathological processes of disease and can be applied to follow the
efficacy of therapy [56-58l, Nanoparticulate probes have shown remarkable advantages over single molecule-based
contrast agents, such as generating excellent contrast, incorporate multiple properties, more circulation time.
Basically, nanoparticles allow the components of a contrast agent to easily get assembled in adequate ratio. That
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result in an appropriate molecular imaging, such agents can be detected by multiple imaging techniques. Agents
also deliver therapeutic agents that detect cell types precisely [59-62],

Nanoparticles with inherent diagnostic properties

Nanotechnology is field of science dedicated to do manipulation at atomic or molecular level lead to
development of nanostructures in scale size range less than 100 nm, which possess exclusive properties. The
chemical and physical properties of materials get improved or changed as the size of material is scaled down to
nanosize (63641, Smaller size means there are different arrangement and spacing available for surface atoms that
will manage the physical and chemical properties of material. Quantum dots (QDs), Colloidal gold and ironoxide
semiconductor nanocrystals are potential examples of nanoparticles, having size range in between 1-20 nm, and
have medical diagnostic applications in medical and biological field 6568l Gold nanoparticles can be used as
qguenchers in fluorescence resonance energy transfer measurement. The distance-dependent optical property of
gold nanoparticles generates opportunities for estimation of the binding of DNA-conjugated gold nanoparticles and
complementary RNA sequence (691, Super paramagnetic iron oxide nanocrystals can be used as contrast agents in
magnetic resonance imaging (MRI), as they cause modifications in spin-spin relaxation times of water molecules in
surroundings, to monitor the expression of gene or to detect the pathologies such as brain inflammation, cancer,
atherosclerotic plaques or arthritis [70. Quantum Dots can be tagged to biological systems for detection by electrical
or optical means in vitro and upto some extent in vivo. The luminance wavelength (from the UV to the near-IR) of
Quantum Dots can be tuned by changing the particle size; therefor nanosystems have the capability to reform cell,
antigen, receptor and enzyme imaging [71-74],

Nanovehicles and drug carriers

However there are various engineered constructs, architectures, particulate systems, and assemblies,
whose consolidate feature is its size in nanometer scale range i.e. less than 240 nm. Nanovehicals include protein
cage architectures, polymeric micelles, polymeric and ceramic nanoparticles, dendrimers, viral-derived capsid
nanoparticles, liposomes and polyplexes [75.76], Initally, therapeutic or diagnostic agents can be covalently attached,
adsorbed or encapsulated on these nanocarriers. These approaches can smoothly overcome issue of drug stability
and solubility, particularly with new drug candidates come up from high-throughput drug screening initiatives are
hydrophobic [77.78], But some carriers such as dendrimers have a poor bonding with active compounds. There are
various alternative approaches for the solubilization of hydrophobic drugs. One approach is to mill the substance
and then with the help of coating stabilize the smaller particles which form nanocrystals in size ranges suitable for
oral delivery and for intravenous injection 791, Thus, the reduced particle size encompasses large surface area and
hence a scenario for faster release of drug. Pharmacokinetic profiles of such injectable nanocrystals may lies from
briskly soluble in the blood stream to slow dissolving. Second approach is by advantage of their small size and by
functionalizing their surface with synthetic polymers and appropriate ligands, Nano carriers can be targeted to
specific cells in the body after intravenous and subcutaneous routes of injection [80-83],

Targeting

There are two basic requirements needed in the design of Nano carriers to achieve effective drug delivery [84],
First, the drugs must reach the desired targeted cell after administration with minimal loss to their activity and
volume in blood stream. Second, drugs must only affect the targeted cells without having harmful effects to healthy
tissue. Two strategies for Nano carrier targeting: passive and active targeting of drugs [85.86],

Passive Targeting

Passive targeting takes advantage of pathophysiological characteristics of effected cell, enabling
nanodrugs to accumulate in effected tissue 871, Tumor vessels are highly disorganized and have large number of
pores, resulting in enlarged gap junctions between endothelial cells and compromised lymphatic drainage. The
leaking vascularization, which refers to the EPR effect, that allows movement of macromolecules up to 390 nm in
diameter into the surrounding effected cell [88l. One of the earliest nanoscale technologies for passive targeting of
drugs was based on the use of liposomes. To protect the liposome from immune destruction, liposomes are coated
with a synthetic polymer. Passive targeting approaches form the basis of clinical therapy; they also suffer from
several limitations. Targeting cells inside a tumor is not always feasible because some drugs cannot penetrate the
tumor efficiently and due to the random nature of approach it becomes more difficult to control the process.
Another limitation is, certain tumors do not exhibit an EPR effect due to which permeability of blood vessels may not
be the same throughout a single tumor [89-92],
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Active Targeting

To overcome the limitations of passive targeting attaching affinity ligands Such as peptides, aptamers or
antibodies, to the Nano carriers surface by a variety of conjugation chemistries. Nano carriers recognize the target
cells and bind them through ligand-receptor interactions by the expression of receptors on the cell surface. To
achieve specificity, those receptors should be highly expressed on targeted cells, but not on normal cells. The
receptors should express themselves homogeneously and should not get dissolved in the blood. Internalization of
targeting conjugates can also happen by receptor-mediated endocytosis after binding to the target cells, that
initiates drug release inside the cells. On the basis of receptor-mediated endocytosis mechanism, targeting
conjugates bind to their receptors, then plasma membrane encloses around the ligand -receptor complex to form
endosome. Newly formed endosome is then moved to specific cell organelles, and the drugs can be released by
enzymes or acidic pH. Nanodrugs currently approved for medical or clinical use are simple and generally have less
active targeted drug release components. Moreover, nanodrugs that are currently in clinical development phase,
lacks specific targeting. To fully determine the application of targeted drug delivery, researchers should need to
investigate whether we can use them on specific diseases for targeting, whether the properties, target site and
mode of action of the therapeutic drugs, are suitable for targeted delivery of drug [93.94],

Macrophage as a target

The tadency of macrophages of the reticuloendothelial system for fast recognition and clearance of foreign
matter has provided an approach to macrophage-specific targeting with nanovehicles. The macrophage is a
specialized cell in human body whose contribution to pathogenesis is very well known. Changes in immune effector
functions and macrophage clearance cause common disorders such as autoimmunity, atherosclerosis and various
infections. The macrophage, therefore, is a valid pharmaceutical target and there are numerous opportunities for a
focused macrophage-targeted approach. For example, almost all microorganisms can be killed by macrophages,
many pathogenic organisms developed resistance against macrophage destruction. Passive targeting of
nanovehicles with encapsulated antimicrobial agents to the defected macrophages is a suitable strategy for
effective microbial killing. The endocytic pathway will direct the carrier to lysosomes where pathogens are resident
[56,77,95], The carrier is then degraded by lysosomal enzymes that releases drug into phagosome-lysosome vesicle or
in the cytoplasm either by specific transporters or by diffusion, depending on the physico-chemical nature of the
drug molecule. Formulations that are approved for human are limited to lipid-based nanosytems with entrapped
amophotericin B (Amp-B), and are recommended for treatment of infections that are caused by specific fungal
species. This mode of targeting has significantly minimized the effective quantity of Amp-B for treatment. Other
beneficial effects are significant minimize in nephrotoxicity and pro-inflammatory release of cytokine. Another
possibility to explore is liposome emulsification, as this can also stabilize Amp-B association with the nanocarrier.
Others have used multifunctional carriers to deliver antimicrobials to macrophages. Such as, injecting tuftsin-
bearing liposomes intravenously to infected animals not only result in the delivery of liposome-encapsulated drugs
to the macrophage phagolysosomes, also in the nonspecific stimulation of spleen macrophage and liver
macrophage functions against parasitic, fungal and bacterial infections [82:92,96],

Extravasation: targeting of solid cancers

The development of “stealth” technologies has created the opportunities for passive accumulation of
intravenously injected nanoparticles on targeted site having leakage in vasculature by extravasation. Although,
many attempts have been made which includes drug delivery and imaging agents with various different nanoscale
technologies to the underlying parenchyma of injured arteries, the majority of research is concentrated on solid
tumors. The distribution of stealth nanoparticles in solid tumors is heterogeneous, because of perfusion
heterogeneity and unpredictable. Functional and Structural abnormalities of blood vessels and lymphatic vessels
inside the solid tumors prevent efficient delivery of systemic nanoparticles and macromolecules 17971, These are
compromised by abnormal hydrostatic pressure gradients and compressive mechanical forces generated by
effected tumor cell proliferation compress and collapse the intratumoral vessels. Tumor-specific cytotoxic therapy
that reduces the number of tumor cell may result in more effective delivery, by decompressing same vessels;
however, this enhanced perfusion could provide a route for metastasis. Organization, distribution, and relative
levels of hyaluronan, decorin, and collagen prevent diffusion of nanoparticles and macromolecules inside the
tumors. Thus, diffusion of nanoparticles and macromolecules can vary with type of tumor, anatomical locations,
and factors that affects extracellular matrix composition or structure. But, a major problem is the amount of drug
release from internalized nanovehicles. In an acidic environment such as lysosome/endosome conditions may not
favor rapid release of doxorubicin from the ammonium sulfate gradient loaded doxorubicin liposomes [85.93,98],
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TOXICITY ISSUES

Nano vehicles may overcome stability or solubility issues for the drug and minimize drug side effects. There
can be some significant toxicity issues that are associated with the Nano carriers, which require proper attention.
Over the past few years, toxicology reports showed that the nanotechnology derived particles cause serious risks to
biological systems. For example, exposure of human keratinocytes to insoluble single-wall carbon nanotubes was
associated with oxidative stress and apoptosis. The issue of toxicity has becomes more problematic for
intravenously injected nanoparticles [75:84,97-99],

Cell death and altered gene expression

Though we are using cadmium selenide QDs in imaging very much, but have very little knowledge about
their metabolism and deleterious effects on human body. Cadmium selenide QDs are dangerous to cells in UV
irradiation, as reaction releases highly toxic ions of cadmium. Depending on the nature of the monomer units, some
polymeric micelles can cause cell death via necrosis or apoptosis, or by both. Differential gene expression has been
observed in various cells after delivery of cisplatin with polymeric micelles as compared to that of free cisplatin
treatment. Products produced from poly(L-lactic acid) nanoparticles show cytotoxicity to immune cells, thus bringing
up the concern of their use for uninterrupted cytosolic drug release [67:87-88], Some polymeric components that are
used in nanoparticle engineering and design behave as inhibitors of P-glycoprotein efflux pumps expressed in
polarized endothelial cells that creates the outer membrane of the blood-brain barrier, and can also interfere with
transport of a number of modulators and homeostatic mediators in the central nervous system.

Cell death and gene therapy

A clear warning is conspicuous from the poor success rate in human gene therapy with the help of viruses.
However, viral vectors are very efficient carrier system for nucleic acids, they can cause severe immunotoxicity and
unintented gene expression changes after random integration into the host human genome. These issues of viral
vector have generated a surge in engineering and design of synthetic poly-cationic non-viral gene transfer
carriers/systems. However, the poly-cationic nature of the gene delivery carrier can cause immediate or delayed
cytotoxicity by the mechanisms of necrosis and apoptosis. Necrosis can be occurred due to destabilization of
membrane or formation of pores after interaction between cationic constituents of the carrier system with cell
surface proteoglycans and negatively charged proteins in cytoskeleton. In Jurkat T cells the mechanism of apoptotic
occurs due to polycation-mediated release of Bcl-2-sensitive proteins (cytochrome c) from the intermembrane
space of mitochondria and altered the function of mitochondrial. Different cationic materials, their molecular
weights and polydispersity of these materials can initiate apoptosis at different times and by different modes of
ation. The effect of these materials on cell death may depend on nature of cell, the extent mitochondrial
heterogeneity and mitochondrial content. Still, cytotoxic gene-delivery carrier systems can be compromised of
translation or transcription processes and potentially limits protein expression [98-101],

CONCLUSION AND FUTURE OF NANOMEDICINE

Nanotechnology is startup to bring changes in the scale and methods of drug delivery and vascular imaging.
The NIH Roadmap’s ‘Nanomedicine Initiatives’ thinks that nanoscale technologies can start producing more
medical benefits within coming 12-15 years. This constitutes the development of nanoscale laboratory-based drug
discovery platform devices and diagnostic nanomachines such as nanoscale cantilevers for chemical force
microscopes, nanopore sequencing, microchip devices and many more. The National Cancer Institute has started
programs with the goal to produce multifunctional entities at nanometer scale that can perform diagnosis, monitor
cancer treatment progress, and deliver therapeutic agents. These include engineering and design of targeted
contrast agents that enhance the consistency of cancer cells to the single cell level and nanodevices that are
capable to address the evolutionary and biological diversity of multiple cancer cells that make tumor within an
individual. Thus, to achieve full potential of nanotechnology in targeted drug delivery and imaging, nanocarriers
should have to be smarter. These form the base of complex interactions essential to the fingerprints of nanovehicle
and its surrounding microenvironment. Such as, stability of carrier, intracellular and extracellular drug release rates
in carious different pathologies, interaction with biological microenvironment such as opsonization and other
biological barriers that enroute to the target site. Toxicity issues are of very important concern but are often ignored
by researchers. Therefore, it is needed that basic research should be carried out for these issues if we want to
achieve successful and effective application of these technologies. The future of nanomedicine will directly depend
on the design of nanotechnology materials and tools to generate nanomachines based around a thorough and
detailed knowledge of biological processes.
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