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ABSTRACT

A nanoparticle or ultrafine particle is usually defined as a particle of matter that is between 1 a
nanometres (nm) in diameter. The term is sometimes used for larger particles, up to 500 nm, or fil
tubes that are less than 100 nm inyamVo directions. At the lowest range, metal particles smaller th
nm are usually called atom clusters instead. Nanoparticles are usually distinguished from microf
(1-1000 pm), "fine particles” (sized between 100 and 2500 nm), and "coarséepéaiiianging from 2500
to 10,000 nm), because their smaller size drives very different physical or chemical propertig
colloidal properties and ultrafast optical effects or electric properties. Being more subject to the Br
motion, they usuallydo not sediment, like colloidal particles that conversely are usually understo
range from 1 to 1000 nm. Being much smaller than the wavelengths of visible light @@00m),
nanoparticles cannot be seen with ordinary optical microscopes, reqaeingée of electron microscope
or microscopes with laser. For the same reason, dispersions of nanoparticles in transparent med
transparent, whereas suspensions of larger particles usually scatter some or all visible light inc
them. Nanopdicles also easily pass through common filters, such as common ceramic candles
separation from liquids requires special nanofiltration techniques. Nanomedicine is the medical app
of nanotechnology. Nanomedicine ranges from the medicalcapiplis of hanomaterials and biologic
devices, to nanoelectronic biosensors, and even possible future applications of molecular nanote
such as biological machines. Current problems for nanomedicine involve understanding the issue
to toxicity and environmental impact of nanoscale materials (materials whose structure is on the
nanometers, i.e. billionths of a meter). Functionalities can be added to nanomaterials by interfaci
with biological molecules or structures. The sofenanomaterials is similar to that of most biologig
molecules and structures; therefore, nanomaterials can be useful for both in vivo and in vitro bio
research and applications. Thus far, the integration of nanomaterials with biology has led
development of diagnostic devices, contrast agents, analytical tools, physical therapy applicatio
drug delivery vehicles.

Nanoparticle drug delivergystems are engineered technologies thathaseparticlesor the targeted
delivery and contrdéd release of therapeutic agents. The modern formdofiga deliverysystem should
minimize sideeffects and reduce both dosage and dosage frequency. Recently, nanoparticles have
attention due to their potential application for effective drugvdefi Nanomaterialexhibit different
chemical and physical properties or biological effects compared to 4scgks counterparts that can |
beneficial for drug delivery systems. Some important advantages of nanoparticles are their high
areato-volume ratio, chemical and geometric tenability, and their ability to interact with biomolecu
facilitate uptake across tleell membrane. The large surface area also has a large affinity for drud
small molecules, like ligands or antibodies, fangeting and controlled release purposes.
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INTRODUCTION materials both organic and inorganic. Each material has

- . niquely tunable properties and thus can be selectively
Nanomedicine seeks to deliver a valuable set of research o o .
> | ) designed for specific applications. Despite the many
tools and clintally useful devices in the near

. o advantages of nanoparticles, there are also many
future.TheNational Nanotechnology Initiativexpects . . ; e

. S X . challengs, including but not exclusive taanotoxicity,
new commercial applications in tpdarmaceutical

. . . biodistribution and accumulation, and the clearance of
industrythat may include advanced drug delivery .

. i nanoparticles by human boey.
systems, new therapies, and

vivoimaging.Nanomedicine research isreceiving
funding from the USNational Institutes of Health
Common Fungrogram, supporting four nanomedicine
development centers. Nanomedicine sales reached $
billion in 2015, with a minimum of $3.8 billion in
nanotechnology R&D being invested evenageGlobal
funding for emerging nanotechnology increased by 45%
per year in recent years, with product sales exceeding $1
trillion in 2013.As the nanomedicine industry continues
to grow, it is expected to have a significant impact on the™
economy. Nanoparicles refer to a large family of

TheNational Institute of Biomedical Imaging and
Bioengineerindhas issued the following prospects for
fgture researcin nanoparticle drug delivery systems:
Crossing theéblood-brain barrieBBB) in brain
diseases and disorders;

Enhancing targeted intracellular delivery to ensure
the treatments reach the correct structures inside
cells;

Combining diagnosis and treatment.

Figure-1: Nanoparticles

The development of new drug systems is time nanoparticles. The overall drug consumption and-side
consuming; it takes approximately seven years toeffects may be lowered significantly by depositing the
complete fundamental research and development beforactive pharmaceutical agent in the morbid region only
advancing to preclinical animal studies. and in no higher des than needed. Targeted drug

delivery is intended to reduce the side effects of drugs
Drug delivery: Nanotechnology hasprovided the with concomitant decreases in consumption and
possibility of delivering drugs to specific cells using the treatment expensé&s.
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Figure-2: Nanopatrticles, liposomes, and dendrimers are somenanomaterialsbeing investigated ér use in
nanomedicine.

Additionally, targeted drug delivery reduces the sidedue to the complex host's reactions to nammd
effect possessed by crude drug via minimizing undesirednicrosized materialand the difficulty in targeting
exposure to the healthy celBrug deliveryfocuses on specific organs in the body. Nevertheless, a lot of work is
maximizingbioavailabilityboth at specific places in the still ongoing to optimize and better understand the
body and over a period of time. This can potentially be potential and limitations of nanopartictda systems.
achieved by molecular targeting by nanoengineeredVhile advancement of research proves that targeting and
devicesA benefit of using nanoscale for medical distribution can be augmented by nanoparticles, the
technologies is that smaller devices are less invasive anglangers of nanotoxicity become an important next step in
can possibly be implanted inside the body, plusfurther understanding of their medical uselse toxicity
biochemical reaction times are much shorter. Thesef nanoparticles vaes, depending on size, shape, and
devices are faster and more sensitive than typical drugnaterial. These factors also affect the bwifdand organ
delivery.The efficacy of drug delivery through damage that may occur. Nanoparticles are made to be
nanomedicine is largely based upon: a) efficientlong-lasting, but this causes them to be trapped within
encapsulation of the drugs, b) successful delieégrug  organs, specifically the liver and spleen, as they atinn
to the targeted region of the body, and c) successfube broken down or excreted. This build of non
release of the drugeveral nanalelivery drugs were on biodegradable material has been observed to cause organ

the market by 2018 damage and inflammation in middagnetic targeted
delivery ofmagnetic nanoparticlde the tumor site
Drug delivery systems, lipidor polymerbased under the influence of inhomogeneous
nanoparticles, can be designed to improvestatiorary magnetic fieldsmay lead to enhanced tumor
the pharmacokineticandbiodistributionof the  growth. In order to circumvent the ptomorigenic
drug.However, the pharmacokinetics and effects, alternatinglectromagnetic fieldshould be used.

pharmacodynamics of nanomedicine is highly variableNanoparticles are under research for their potential to
among different patientsVhen designed to avoid the decreasantibiotic resistancer for various antimicrobial
body's defence mechanismgnoparticles have usesNanoparticles might also be used to
beneficial properties that can be usedirtprove drug  circumventmultidrug resistancéMDR) mechanismé!
delivery. Complex drug delivery mechanisms are being

developed, including the ability to get drugs through cellCharacterization: Nanoparticle drug delivery focuses
membranes and into celytoplasm. Triggered response on maximizing drug efficacy and minimizing

is one way for drug molecules to be used morecytotoxicity. Finetuning nanoparticle proptes for
efficiently. Drugs are placedn the body and only effective drug delivery involves addressing the following
activate on encountering a particular signal. For examplefactors.  The  surfacareato-volume  ratio  of

a drug with poor solubility will be replaced by a drug nanoparticles can be altered to allow for more ligand
delivery system where both hydrophilic and hydrophobicbinding to the surfacéncreasing ligand binding
environments exist, improving the solubilirug efficiency can decrease dosage and mirém
delivery systerma may also be able to prevent tissue nanoparticle toxicity. Minimizing dosage or dosage
damage through regulated drug release; reduce drufjequency also lowers the mass of nanoparticle per mass
clearance rates; or lower the volume of distribution andof drug, thus achieving greater efficiency. Metal
reduce the effect on nearget tissue. However, the nanoparticles, such as gold nanoparticles, have optical
biodistribution of these nanoparticles is still imperfect qualities (also described manomateals) that allow for
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less invasive imaging techniquésurthermore, the particle replication inno wetting templates (PRINT)
photothermal response of nanoparticles to opticawhich allows customation of composition, size, and
stimulation can be directly utilized for tumor therapy. shape of the nanoparticle using tiny mdfdis.

Platforms: Current nanoparticle drug delivery systems Dendrimers: Dendrimersare unique hypebranched
can becataloguedbasedon their platform composition synthetic polymers with monodispersed size, well
into several groups: polymeric nanoparticles, inorganicdefined structure, and a highly functionalized terminal
nanoparticles, viral nanoparticles, ligidsed surface. They are pycally composed of synthetic or
nanoparticles, and nanoparticle albusbound (nab) natural amino acid, nucleic acids, and carbohydrates.
technology. Each family has its unique characteristics. Therapeutics can be loaded with relative ease onto the
interior of the dendrimers or the terminal surface of the
Polymeric nanoparticles: Polymeric nanoparticles are branches via electrostatic interaction, hydrophobic
synthetic polymers with a size ranging from 10 tointeractions, hydrogen bonds, chemical linkages, or
100nm. Common synthetic polymeric nanoparticles covalent conjugatiorDrug-dendrimer conjugation can
include polyacrylamidepolyacrylate and chitosanDrug elongate the halife of drugs. Currently, dendrimer use
molecules can be incorporated either during or afteiin biological systems is limited due to dendrimer
polymeization. Depending on the polymerization toxicity and limitations in their synthesis
chemistry, the drug can be covalently bonded,methods.Dendrimers are also confined within a narrow
encapsulated in a hydrophobic core, or conjugatecize range (<1Bm) and current synthesis methods are
electrostaticallyCommon  synthetic  strategies for subject to low yield. The surface groups will reach the de
polymeric nanoparticles include microfluidic Gennes dense packing limit at high generation level,
approacheslectro dreping, high pressure  which seals the interior from the bullutioni this can
homogenization, and emulsidmased interfacial be useful for encapsulation of hydrophobic, poorly
polymerization Polymerbiodegradabilityis an important  soluble drug molecules. The seal can be tuned by
aspect to consider when choosing the appropriaténtramolecular interactions between adjacent surface
nanoparticle chemistryNano carrierscomposed of groups, which can be varied by the condition of the
biodegradable polymers underggdiolysis in the body, solution, such as pH, polarityand temperature, a
producing biocompatible small molecules such as lactigroperty which can be utilized to tailor encapsulation and
acid and glycolic acid®olymeric nanoparticles can be controlled release properti&s
created viaselfassemblyor other methods such as

Figure-3: Platinum Nanopatrticle.

Inorganic Nanoparticles andNano crystals Inorganic  titanium that formNano sphereshowever, iron oxide

nanoparticles have emerged as highly valuabletfonmal ~ nanoparticles have also become an option.

building blocks for drug delivery systems due to their

well-defined and highly tunable properties such as sizeQuantum dot¢QDs), or inorganic semimductorNano

shape, and surface functionalization. Inorganiccrystals have also emerged as valuable tools in the field

nanoparticles have been largely adopted to biological andf bio nanotechnologybecause of their unique size

medical applications ranging roim imaging and dependent optical properties and versatile surface

diagnoses to drug deliverihorganic nanoparticles are chemistry. Their diameters 210nm) are on the order

usually composed of inert metals such as gold anadf the exciton Bohr rads) resulting in quantum
confinement effects analogous to the "partiol@-box"
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model. As a result, optical and electronic properties oftitanium NP are slow to release metal ions, and may
guantum dots vary with their size: nanocrystals of largetherefore appear at low levels in the environment
sizes will emit lower energy light upon fluorescence Additionally, nanoshell coatings significantly protect
excitaton ") against degradation in the cellular environment and also
reduce QDs toxicity by reducing metal ion leakage from
Surface engineering of QDs is crucial for creatingthe coré®
nanoparticlébiomolecule hybrids capable of
participating in biological processes. Manipulation of Organic Nanocrystals Organic nanocrystals consist of
nanocrystal core composition, size, and structure changgsure drugs and surface awi agents required for
QD photephysical properties designing coating  stabilization. They are defined as carfiee submicron
materials which encapsulate the QD core in an organicolloidal drug delivery systems with a mean particle size
shell make nanocrystals biocompatible, and QDs can bi# the nanometrerange. The primary importance of the
further decorated with biomolecules to enable moreformulation of drugs into nanocrystals is the increase in
specific interaction with biological targets. The design ofparticle surface area in contact with the dissolution
inorganic nanocrystal core gpled with biologically = medium, therefore increasing bioavailability. A number
compatible organic shell and surface ligands carof drug products formulated in this way are on the
combine useful properties of both materials, i.e. opticalmarket"”
properties of the QDs and biological functions of ligands
attached. Solubility: One of the issues faced by drug delivery is
the solubility of the drug in # body; around 40% of
Toxicity : While application of inorganic nanoparticles  newly detected chemicals found in drug discovery are
bionanotechnology shows encouraging advancementgoorly soluble in waterThis low solubility affects the
from a materials science perspeetithe use of such bioavailability of the drug, meaning the rate at which the
materials in-vivo is limited by issues related with drug reaches the circulatory system and thus the target
toxicity, biodistribution and bioaccumulation. Because site. Lowbioavailability is most commonly seen in oral
metal inorganic nanoparticle systems degrauo their  administration, which is the preferred choice for drug
constituent metal atoms, challenges may arise from thadministration due to its convenience, low costs, and
interactions of these materials with biosystems, and @good patient practicd measure to improve poor
considerable amount of the particles may remain in théioavailability is to inject the drugs in a solvenixture
body after treatment, leading to buildup of metal with a solubilizing agentiowever, results show this
particles potentially resiittg in toxicity. solution is ineffective, with the solubilizing agent
demonstrating sideffects and/or toxicity. Nanocrystals
Recently, however, some studies have shown that certaimsed for drug delivery can increase saturation solubility
nanoparticle environmental toxicity effects aren'tand dispersion velocityGenerally, saturation solubility
apparent until nanoparticles undergo transformations tas thought to be a function of temperature, but it is also
release free metal ions. Under aerobic and anaerobioased on other factors, such as crystalline structure and
conditions, it was fond that copper, silver, and titanium particle size, in regards to nanocrystals. The Ostwald
nanoparticles released low or insignificant levels ofFreundlich equation below shows this relationship:
metal ions. This is evidence that copper, silver, and

WhereCgis the saturation solubility of the up technologies are also kmp as nanoprecipitation.
nanocrystalC, is the solubility of the drug at a nevano  This technique involves dissolving a drug in a suitable
scalegis the interfacial tension of the substanées solvent and then precipitating it with a nsalvent. On

the molar volume of the particlR®is the gas the other hand, tedown technologies use force to
constantT is the absolute temperatufeis the density reduce the size of a particle to nanometers, usually done
of the solid, and is the radius.The advantage of by milling a drug. Topdown methods are preferred when
nanocrystals is that they can improve oral adsorptionworking with poorly soluble drugé”

bioavailability, and actioronset and reduces intersubject

variability. Consequently, nanocrystals amew being  Stability: A disadvantage of using nanocrystals for drug
produced and are on the market for a variety of purposegelivery is nanocrystal stability. Instability problems of
ranging from antidepressants to appetite stimulantshanocrystalline structures derive from thermodynamic
Nanocrystals can be produced using two different waysprocesses such as particle aggregation, amorphization,
the topdown method or the bottomp method. Bottom  and bulk crystallization. Particles at the nanoscopic scale
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feature a relative excess of Gibbs free energy, due toeportedly allows for higher stability, larger drug
their higher surface area to volume ratio. To reduce thicapacity as a carrier, and sustained drug reléase.
excess energy, it is genesafavorable for aggregation to study using PEG as a stabilizer was found that
occur. Thus, individual nanocrystals are relatively nanocrystals treated with PEG enhanced accumulation at
unstable by themselves and will generally aggregatetumor sites and had greater blood circulation, than those
This is particularly problematic in tegiown production not treated with PEGAmorphization caroccur in top

of nanocrystals. Methods such as hpgessure down methods of production. With different
homogenization ah bead milling, tend to increase intramolecular arrangements,  amorphization  of
instabilities by increasing surface areas; to compensateanocrystals leads to different thermodynamic and
or as a response to high pressure, individual particleginetic properties that affect drug delivery and kinetics.
may aggregate or turn amorphous in structBach  Transition to amorphous structures is repdrto occur
methods can also lead to the reprecipitation of the drughrough production practices such as spray drying,
by surpassing the solubility beyond the saturation pointlyophilization, and mechanical mechanisms, such as
(Ostwald ripening)One method to overcome milling. This amorphization has been reportedly
aggregation and retain or increase nanocrystal stability isbserved with or without the presence of stabilizer in a
by use of stabilizer molecules. These molecules, whictdry milling process. Using a wet niilg process with
interact with the surface of the nanocafstand prevent surfactant, however significantly reduced amorphization,
aggregation via ionic repulsion or steric barriers betweersuggesting that solvent, in this case water, and surfactant
the individual nanocrystals, include surfactants and areould inhibit amorphization for some tajpwn
generally useful for stabilizing suspensions of production methods that otherwise reportedly facilitate
nanocrystalsConcentrations of surfactants that are tooamorphizatior:”

high, however, mayinhibit nanocrystal stability and

enhance crystal growth or aggregation. It has been showlhiposome delivery. Liposomesare spherical vesicles
that certain surfactants, upon reaching a criticalcomposed of synthetic or natural phospholipids that self
concentration, begin to selssemble into micelles, assemble in aqueous solution in sizes ranging from tens
which then compete with nanocrystal surfaces for otheiof nanometers to micrometers. The resulting vesicle,
surfadgant molecules. With fewer surface moleculeswhich has an aqueous core surroundg@ tydrophobic
interacting with the nanocrystal surface, crystal growthmembrane, can be loaded with a wide variety of
and aggregation is reported to occur at increasedhydrophobic or hydrophilic molecules for therapeutic
amountsUse of surfactant at optimal concentrations purposes-?

\ ~N
N\ . fend
\ o O N Phospholipid
~ T St \
Cholesterol
Hydrophilic
Payload

Hydrophobic
Payload

PEGylated Lipid

Figure-4: Basic Liposome Structure

Liposomes are typically synthesized with naturally The molecular cargo is loaded through liposome
occurring phospholipids, mainghosphatidylcholine. formation in aqueous solution, solvent exchange
Cholesterols often included in the formulation to adjust mechanisms, or pH gradient methods. Various

the rigidity of the membrane and to increase stability.molecules can also be chemically conjugated to the
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surface of the liposome to alter recognition propertiesgenetic engineering or gene therapy. Commonly used
One typical modification is conjugating viruses include adenoviruses, retrogies, and various
polyethyleneglycol (PEG) to the vesicle surface. Thebacteriophages. The surface of the viral particle can also
hydrophilic ~ polymer  prevents recogion by be modified with ligands to increase targeting
macrophages and decreases clearance. The size, surfapabilities. While viral vectors can be used to great
charge, and bilayer fluidity also alter liposome delivery efficacy, one concern is that may causetaffjet effects
kinetics.Liposomes diffuse from the bloodstream into due to its naturaropism. This usually requires replacing
the interstitial space near the target site. As the celthe proteins causing virteell interactions with chimeric
membrane itself is compged of phospholipids, proteins.In addition to using viruses, drug molecules can
liposomes can directly fuse with the membrane andalso be encapsulated in protein particles derived from the
release the cargo into the cytosol, or may enter the celliral capsid, or virudike particles (VLPs). VLPs are
through phagocytosis or other active transport pathwaysasier to manufacture than viruses, and their structural
Liposomal delivery has various advantages. Liposomesiniformity allows VLPs to be produced precisely in large
increase the sobility, stability, and uptake of drug amounts. VLPs also have easymodify surfaces,
molecules. Peptides, polymers, and other molecules caallowing the possibility for targeted delivery. There are
be conjugated to the surface of a liposome for targetedarious methods fopackaging the molecule into the
delivery. Conjugating various ligands can facilitate capsid; most take advantage of the capsid's ability to
binding to target cells based on the recefigand  self-assemble. One strategy is to alter the pH gradient
interaction. Altering vesicle size and surface chemistryoutside the capsid to create pores on the capsid surface
can also be tuned to increase circulation time. Variousind trap the desired molecule. Other methods use
FDA-approved liposomal drugs are in clinical use in theaggreyators such as leucine zippers or polyuD&A
US. The anthracycline drug doxorubicin is delivered amphiphiles to induce capsid formation and capture drug
with phospholipidcholesterol liposmes to treat AIDS  moleculeslt is also possible to chemically conjugate of
related Kaposi sarcoma and multiple myeloma with highdrugs directly onto the reactive sites on the capsid
efficacy and low toxicity.Many others are undergoing surface, often involving the formation ofnide bonds.
clinical trials, and liposomal dg delivery remains an After being introduced to the organism, VLPs often have
active field of research today, with potential applications broad tissue distribution, rapid clearance, and are
including nudeic acid therapy, brain targeting, and tumor generally nortoxic. It may, however, like viruses,
therapy™J invoke an immune response, so immumasking agents
may be necessafy/!
Viral vectors, viral-like particles, and biological
nanocarriers: Viruses can be used to deliver genes for
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Figure-5: Biological Nanocarriers.
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Nanoparticle Albumin-bound (nab) Technology hydrophobic particles and is able to transcytose
Nanoparticle albumibound technology utilizes the molecules bound to itself, albumin composed
protein albumin as a carrier for hydrophobic nanoparticles have become an effective strategy for the
chemotherapy drugs through noncovalent binding.treatment of many diseases in clinical resedreh.
Because albumin is already a naturehrrier of

/ Oil phase
Low shear < ( High pressure < Solvent
1 forces { | homogenization |\ ‘| evaporation
= —e %o o°
o P el —:.:. — S st
EoS e © o
M_/ 710/ /’ ° 2 /’ 2
Aqueous solution . . g
of Albumin Crude emulsion Final emulsion Albumin
pre-saturated with Nanoparticles

chloroform

Figure-6: NAB Technology.

Delivery and release mechanisms An ideal drug Polymeric nanoparticles For polymeric nanopatrticles,
delivery system should have effective targeting andthe induction of smuli-responsiveness has usually relied
controlled release. The two main targeting strategies arbeavily upon welknown polymers that possess an
passive targeting and active targeting. Passive targetinmherent stimulresponsiveness. Certain polymers that
depends on the fact that tumors have abnormallycan undergo reversible phase transitions due to changes
structured blood vessels that favor accumulation ofin temperature or pH have aroused interest. Arguably the
relatively large macromolecules and nanoparticles. Thisnost utilized polymer for activatiemodulated delivery
socalledenhanced  permeability and retention is the thermeesponsive polymer poly @
effect(EPR)allows the drugcarrier be transported isopropylacrylamide). It is readily soluble in water at
specifically to the tumor cells. Active targeting & the  room temperature but precipitates reversibly from when
name suggests, much more specific and is achieved biye temperature is raised above its lower aaltsolution
taking advantage of receptligand interactions at the temperature (LCST), changing from an extended chain
surface of the cell membran@ontrolled drug release conformation to a collapsed chain. This feature presents
systems can be achieved through several methods. Rate way to change the hydrophilicity of a polymer via
programmed drug delivery systenase tuned to the temperature. Efforts also focus on dual stimuli
diffusivity of active agents across the responsive drug delivery systemsyhich can be
membraneAnother deliveryrelease mechanism is harnessed to control the release of the encapsulated drug.
activationmodulated drug delivery, where the release isFor example, the triblock copolymer of poly (ethylene
triggered by environmental stimuli. The stimuli can be glycol)-b-poly (3-aminopropyimethacrylamidep-poly
external, such as the introductionso€hemical activators (N-isopropylacrylamide) (PE®-PAPMA-b-PNIPAmM)
or activation by light or electromagnetic fields, or can selfassemble to form mides, possessing a cére
biological - such as pH, temperature, and osmoticshell corona architecture above the lower critical
pressure which can vary widely throughout the B&8ly.  solution temperature. It is also pH responsive. Therefore,
drug release can be tuned by changing either temperature
or pH conditiong”

Figure-7: Polymeric Nanoparticle.
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Inorganic nanoparticles Drug delivery strategies of and cherital stability within a range of physiological
inorganic nanoparticles are dependent on materiatonditions.The welldefined surface properties, such as
properties. The active targeting of inorganic nanoparticlehigh pore volume, narrow pore diameter distribution, and
drug carriers is often achieved by surface high surface area allow the entrapment of drugs, proteins
functionalization with specific ligands of nanopamisel and other biogenic molecules with gdretable and
For example, the inorganimultifunctional nanovehicle reproducible release pattefffs.

(5FU/ Fe3 04/ UFARRGGRCHI able to

accomplish tumor optical imaging and therapy Systems under research Advances in lipid
simultaneouslylt can be directed to the location of nanotechnology were instrumental in engineering
cancer cells with sustained release behavior. Studiemedical nanodevices and novel drug delivery systems, as
have also been done on gold nantipkr responses to well as in developing sensing applicationdnother
local neainfrared (NIR) light as a stimuli for drug system for microRNAdelivery under preliminary
release. In one study, gold nanoparticles functionalizedesearch isianoparticlesormed by the selassembly of
with doublestranded DNA encapsulated with drug two different microRNAs deregulated in cand®ne
molecules, were irradiated with NIR light. The particles potential application is based on small electromechanical
generated heat and mured the doublstranded DNA, systems, such amnoelectromechanical systelreing
which triggered the release of drugs at the targeinvestigated for the active release of drugs and sensors
site.Studies also suggest that a porous structure i$or possible cancer treatment with iron nanoparticles or
beneficial to attain a sustained or pulsatile releasegold shelld™

Porous inorganic materials demonstrate high mechanical
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Applications: Some nanotechnologyased drugs that cell lung cance(NSCLC) andpancreatic anceris the

are commercially available or in humatinical trials  nanoparticle albumin bound paclitaxel.

include: 2. Doxil was originally approved by the FDA for the use

1. Abraxane, approved by the UMbod and Drug on HIV-relatedKaposi's sarcoma. It is now being used to

Administration(FDA) to treatbreast cancer, nesmalt also treat ovarian cancer and multiple myeloma. The
drug is encased iiposomes, which &lps to extend the

Figure-8: Nanomedicines
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life of the drug that is being distributed. Liposomes arenanoparticleontrast agents, images such as ultrasound
selfassembling, spherical, closed colloidal structuresand MRI have a favorable distribution and improved
that are composed of lipid bilayers that surround ancontrast. In cardiovascular imaging, nanoparticles have
aqueous space. The liposomes also help to increase tpetential to aid visualization of blood pooling,
functionality and it helps to decrease the damage that théschemiaangiagenesisatherosclerosis, and focal areas
drug does to the heart muscles specifically. where inflammation is presenfThe small size of
3. Onivyde, liposome encapsulatethotecanto treat  nanoparticles endows them with properties that can be
metastatic pancreatic cancer, was approved by FDA iwvery useful in oncology, particularly in imaging.
October 2015. Quantum dots (nanoparticles with quantum confinement
4. Rapamunés a nanocrystdbased drug thatwas  propertes, such as siz@nable light emission), when
approved by the FDA in 2000 to prevent organ rejectionused in conjunction with MRI (magnetic resonance
after transplantation. The nanocrystal components allowmaging), can produce exceptional images of tumor sites.
for increased drug solubility and dissolution rate, leadingNanoparticles of cadmium selenide (quantum dots) glow
to improved absorption and high bioavailabifffy. when exposed to ultraviolet light. When injectéldey
5. Cabenuvas approved by FDA seep into cancer tumors. The surgeon can see the
ascabotegraviextendeerelease injectable nano glowing tumor, and use it as a guide for more accurate
suspension, pludlpivirine extendeerelease injectable tumor removal. These nanoparticles are much brighter
nanesuspension. It is indicated as a complete regimerthan organic dyes and only need one light source for
for the treatment of HIMVL infection in adults to replace excitation. This means that the use dtiofescent
the current antiretroviral regiem in those who are quantum dots could produce a higher contrast image and
virologically suppressed (HAL RNA less than 50 at a lower cost than today's organic dyes used as contrast
copies per mL) on a stable antiretroviral regimen with nomedia. The downside, however, is that quantum dots are
history of treatment failure and with no known or usually made of quite toxic elements, but this concern
suspected resistance to eitbabotegravior rilpivirine. may be addressed byser of fluorescent dopants.
This is the first BDA-approved injectable, complete Tracking movement can help determine how well drugs
regimen for HIM1 infected adults that is administered are being distributed or how substances are metabolized.
once a montf It is difficult to track a small group of cells throughout
the body, so scientists used to dye the cells. These dyes
Imaging: In vivoimaging is another area where tools nealed to be excited by light of a certain wavelength in
and  devices are  being  developeding order for them to light up?

Control-NPs

Endothelial cells

\ 2 min

d Preinjection 1 min 3 min

= J

O = g 1200 tm 2000 ps

Figure-9: Scanning through Nanopatrticles

While different color dyes absorb different frequenciesin size, can be made of binert material, and they

of light, there was a need for as many light sources agemonstrate the nanoscale property that color ze- si
cells. A way around this problem is with luminescent dependent. As a result, sizes are selected so that the
tags. These tags ageantum dotsittached to proteins frequency of light used to make a group of quantum dots
that penetrate cell membran&se dots can be random fluoresce is an even multiple of the frequency required to
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make another group incandesce. Then both groups can loevices that are used inrgeries with lights and cameras
lit with a single light sowe. They have also found a way so surgeons can do the surgeries with smaller incisions.
to insertnanoparticlesnto the affected parts of the body The smaller the incisions the faster the healing time
so that those parts of the body will glow showing thewhich is better for the patients. It is also helping to find a
tumor growth or shrinkage or also organ trouble. way[za? make an arthroscope smaller than a st@ind
hair!
Sensing Nanotechnologyon-a-chip is one more
dimension  of lab-on-a-chip technology. Magnetic Research on nanoelectronicased cancer diagnostics
nanoparticles, bound to a suitable antibody, are used toould lead to tests that can be done in pharmacies. The
label specific molecules, structures or microorganismsresults promise to be highly accurate and the product
In particular silica nanoparticles are inert from the promises to be inexpensive. They could take a very small
photophysical point of view and might accumulate aamount of blood and dect cancer anywhere in the body
large number of dye(s) within the nanoparticle in about five minutes, with a sensitivity that is a thousand
shell.Gold nanoparticles tagged with short segmentstimes better a conventional laboratory test. These devices
of DNA can be used for detection of genetic sequence imre built with nanowires to detect cancer proteins; each
a sample. Multicolor optical coding for biological assays nanowire detector is primed to be sensitive tdifferent
has been achieved by embedding different cancer marker. The biggest advantage of the nanowire
sizedquantum dotinto polymericmicrobeads. detectors is that they could test for anywhere from ten to
Nanopore technology for analysis of nucleic acidsone hundred similar medical conditions without adding
converts strings of nucleotides directly into electroniccost to the testing device. Nanotechnology has also
signatures.Sensor test chips containing thousands ofhelped to personalize ovlogy for the detection,
nanowires, able to detect proteins and other bikera  diagnosis, and treatment of cancer. It is now able to be
left behind by cancer cells, could enable the detectiortailored to each individual's tumor for better
and diagnosis of cancer in the early stages from a fewperformance. They have found ways that they will be
drops of a patient's blootlanotechnologys helping to  able to target a specific part of the body that is being
advance the use afthroscopes, which are pensited  affected by cancé?

HaN

o

Electrostatic
interaction

Crosslinking
Base pair
stacking

Colorimetric detection

DNA

Figure-10: Biosensors

Sepsis treatment In contrast to dialysis, which works externalmagnetic fieldgradient albws exerting a force

on the principle of the size relatddfusionof solutes on the nanoparticles. Hence the particles can be
andultrafiltrationof fluid across @&emipermeable separated from the bulk fluid, thereby cleaning it from
membrane, the purification with nanoparticles allowsthe contaminantsThe small size (< 106m) and large
specific targeting of substance&dditionally larger surface area of functionalized nanomagnets leads to
compounds which are commonly not dialyzable can beadvantageous propertiesompared tdhemoperfusion,
removed. The purification process is based on which is a clinically used technique for the purification
functionalized iron oxide or carbon coated metalof blood and is based on surfagsorption. These
nanoparticles withferromagneticor superparamagnetic advantages are high loading and accessible for binding
properties.Binding agents such aproteinsantibiotics,  agents, high selectivity towards the target compound, fast
or synthetidigandsare covalentlylinked to the particle diffusion, small hydrodynamic resistance, and low
surface. These binding agents are able to interact witdosagé?®!

target species forming an agglomerate. Applying an
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Figure-11: Medical Devices Based On Nano Particle

Tissue engineering Nanotechnology may be used as precisely in the nervous system. The structures that will
part oftissue engineering help reproduce or repair or provide the interface must also be compatible with the
reshape damaged tissue using $létananomaterial  body's immune systef

based scaffolds and growth factors. Tissue engineering if

successful may replace conventional treatments likeCONCLUSION

organ transplants or artificial implants. NanoparticlesMolecular nanotechnologg aspeculativesubfield of
such as graphene, carbon nanotubes, molybdenunanotechnology regarding the possibility of
disulfide and tungsten diffide are being used as engineeringnolecular assemblers, machines which
reinforcing agents to fabricate mechanically strongcould reorder matter at a molecular or atomic scale.
biodegradable polymeric nanocomposites for bone tissuNanomedicine would make use of thesmorobots,
engineering applications. The addition of theseintroduced into the body, to repair or detect damages and
nanoparticles in the polymer matrix at low infections. Molecular nanotechnology is highl
concentrations (~0.2 weight) leads to significant theoretical, seeking to anticipate what inventions
improvements in the compressive and flexural nanotechnology might yield and to propose an agenda

mechanical properties of polymeric for future inquiry. The proposed elements of molecular
nanocompositesotentially, these nanocomposites may nanotechnology, such as molecular assemblers
be used as a novel, mechanically strong, light weighandnanorobotsre far beyond current

composite as bone implantsor example, a flestvelder  capabilities Future advances in nanomedicine could give
was demonstrated to fuse two pieces of chicken meerise tolife extensiorthrough the repair of many
into a single piece using a suspension of gold processes thought to be responsible for adihgeric
coatednanoshellactivated by an infrared laser. This Drexler, one of the founders of nanotechnology,
could be used to weld arteries during surgénother  postulated cell repair machines, including ones operating
example imanonephrology, the use ofmmamedicine on  within cells and utilizing as yet hypotheticablecular
the kidney?”! machines, in his 1986 bodngines of Creatiorwith the

first technical discussion of medical nanorobots
Medical devices Neuroelectronic interfacing is a by Robert Freitagippearing in 199Raymond Kurzweil,
visionary goal dealing with the construction of afuturistandtranshumanist, stated irhis bookThe
nanodevices that will permit computers to be joined ancSingularity Is Neathat he believes that advanced
linked to the nervous system. This idea requires themedicalnanoroboticeould completely remedy the
building of a moécular structure that will permit control effects of aging by 203®&ccording toRichard
and detection of nerve impulses by an external computelFeynman, it was ki former graduate student and
A refuelable strategy implies energy is refilled collaboratorAlbert Hibbswho originally suggested to
continuously or periodically with external sonic, him (c.1959) the idea of medicaluse for Feynman's
chemical, tethered, magnetic, or biological electricaltheoretical micromachines (seanotechnology). Hibbs
souces, while a nomefuelable strategy implies that all suggested that certain repair machines might one day be
power is drawn from internal energy storage whichreduced in size to the point that it would, in theory, be

would stop when all energy is drained. A possible to (as Feynman put it) "swalldwh e doct or ©

nanoscalenzymatic biofuel cellor selfpowered Some of the same properties that make nanoparticles
nanodevices have been developed that uses glucose frcefficient drug carriers also contribute to their toxicity.
biofluids including humabloodand watermelon®©ne  For example, gold nanoparticles are known to interact
limitation to this innovation is the fact that electrical with proteins through surface adsorption, forming
interference or leakage or overheating from poweraprotein corona, which cape utilized for cargo loading
consumption is possible. The wiring of the structure isand immune shielding. However, this proteitisorption
extremely difficult because they must be ifosed property can also disrupt normal protein function that is
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essential for homeostasis, especially when the proteidO.

contains exposed sulfur groups. The photothermal effect,
which can be induced to kill tumor cells, may also create
reactive oxygen species that impose oxidative stress on
surrounding healthy cells. Gold nanoparticles of sizes

below 45nm fit in DNA grooves which can interfere 11.

with transcription, gene regulatioreplication, and other
processes that rely on DNgrotein binding. Lack
of biodegradabilitffor some nanoparticle chemistries
can lead to accumulation in certain tissues,
interfering  with a wide range of biological
processesCurrently, there is noegulatory framework in
the United States for testing nanoparticles for their
general impact on health and on the environment.
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