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Abstract

Nanoparticles hold tremendous potential as an effective drug delivery system. The developments in nanotechnology
for drug delivery laid platform for nanomedicine. To achieve efficient drug delivery it is important to understand the
interactions of nanomaterials with the biological environment. This rapidly growing field allows cross-disciplinary
researchers the opportunity to design and develop multifunctional nanoparticles in the form of nanotubes that can
target, diagnose, and treat diseases such as cancer. Here | discussed about the engineering of nanotubes which
targets drug delivery, barriers of drug delivery and advanced drug delivery systems.
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Introduction

Nanomedicine is the application of nanotechnology which is used
to prevent and treatment of diseases in human body at molecular scale.
Recent years have witnessed the unpredicted growth of research and
applications in nanotechnology [1]. Nanotechnology as applied to
medicine will bring significant advances in diagnosis and treatment of
disease. Nanomedicine includes several distinct application areas: Drug
delivery, drugs and therapies, in vivo imaging, in vitro diagnostics,
biomaterials, and active implants [2,3]. In these fields, Nanomedicine
has seen a surge in research activity over the past decade. The various
drives of Nanomedicine include direct target of diseased tissue, the
early diagnosis of cancer, transport of drugs through Blood-Brain
Barrier and the development of implant materials with long life span
[4]. Nanoparticles (NPs) use their optical scattering properties for
imaging and diagnostics and their photo thermal properties for various
types of therapies through the generation of heat, vapor bubbles and
acoustic waves [5].

Nanoparticles and Drug Delivery

Nanotechnology based drug delivery uses a variety of nanovectors
including liposomes, micelles, dendrimers, protein nanoparticles,
ceramic nanoparticles, polymeric nanoparticles and metallic
nanoparticles [6]. Nanoparticles, a unique subset of the broad field of
nanotechnology, include type of particle with at least one dimension
of less than 500 nanometers [7]. Nanoparticles play an important
role in a wide variety of fields advanced medicine, pharmaceuticals,
and environmental detection and monitoring. In medical field
Nanoparticles play important role in drug delivery [8]. Nanoparticles
are also used in targeting antibody [9,10]. Over the years, a variety of
natural and synthetic polymers have been explored for the preparation
of nanoparticles, of which Poly Lactic Acid (PLA), Poly Glycolic Acid
(PGA), and their copolymers (PLGA) have been extensively investigated
because of their biocompatibility and biodegradability. Nanoparticles
act as potential carries for several classes of drugs such as anticancer
agents, antihypertensive agents, immunomodulators, and hormones;
and macromolecules such as nucleic acids, proteins, peptides, and
antibodies [11]. Paclitaxel is an anticancer drug used for lung, breast

and ovarian tumors. It is generally administered as a mixture with
poly (oxyethylene) castor oil (Cremophor EL) and dehydrated ethanol
which were proved to cause side effects. Attempts are being made to
deliver this drug through nanoparticles [12]. The options available for
preparation have increased with advances in traditional methods, and
many novel techniques for preparation of drug-loaded nanoparticles are
being developed and refined [13]. The performance of nanoparticles in
vivo is influenced by morphological characteristics, surface chemistry,
and molecular weight. Careful design of these delivery systems with
respect to target and route of administration may solve some of the
problems faced by new classes of active molecules [14]. The primary
goals of nanoparticle based drug delivery are [15]:

o Specific drug delivery and targeting

« Maintaining therapeutic effects and decrease in toxicity
« Biocompatibility

o Fast development of new safe medicines

Engineering of Nanotubes

Engineered nanoparticles have the potential to revolutionize the
diagnosis and treatment of many diseases; for example, by allowing
the targeted delivery of a drug to particular subsets of cells [16]. Many
parameters have to be followed in preparation of nanotubes particularly
for drug delivery particularly biodegradation of nonmaterial, less
toxicity [17]. Drug delivery through particular target can be done by
using carbon nanotubes, fullerenes, Dendrimers, gold nanoparticles,
silicon nanotubes [18]. These were proven to be efficient source of drug
deliver. Small size of nanoparticles leads to particle-particle aggregation,
making physical handling of nanoparticles difficult in liquid [19]
and dry powder forms. To solve these limitations, the production of
spray-dried powders containing nanoparticles, Which are localized
as polymeric nanoparticles of sufficiently small dimensions avoid
mucociliary and phagocytic clearance until the particles have delivered
their therapeutic payload [20].
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Carbon nanotubes: Carbon nanotubes (CNTs) are allotropes of
carbon with a nanostructure that can have a length-to-diameter ratio
greater than 1,000,000. These cylindrical carbon molecules have novel
properties that make them potentially useful in many applications
in nanotechnology. Their unique surface area, stiffness, strength and
resilience have led to much excitement in the field of pharmacy [21].
Nanotubes offer many advantages in drug delivery mainly focusing
on improved safety and efficiency of the drugs: for example providing
targeted delivery of drugs, improving bioavailability, extending drug or
gene effect of drugs, tissue and improving the stability of therapeutic
agents against chemical/enzymatic degradation [22]. Carbon
nanotubes based drug delivery has great promise for cancer ablation.
Their use as drug delivery scaffolds and substrates for vaccines has
already been demonstrated [23]. CNT functionalized with bioactive
moieties are particularly suited for targeted drug delivery. In fact, not
only they become less toxic but also exhibit a high propensity to cross
cell membranes. CNTs can be functionalized by attaching biological
molecules such as lipids, proteins, biotins etc to them, through this
it is possible to solubilise and disperse carbon nanotubes in water,
thus opening the path for their facile manipulation and processing in
physiological environments.

Fullerenes: Fullerenes are a new class of compounds with
potential uses in biology and medicine and many insights were made
in the knowledge of their interaction with various biological systems.
Fullerenes tend to form nano aggregates in aqueous solutions [24].
Fullerene (C60) derivatives have been extensively studied for a variety
of medical applications, which include neuroprotective agents, HIV-1
protease inhibitors, and photosensitizers for photodynamic therapy,
MRI contrast agents, and radiopharmaceuticals. The first part of this
work is dedicated to the development of a new application of C60 as
a slow-release system for the liposome aerosol delivery of lipophilic
chemotherapeutics to lung and breast cancer [25]. TaxolRTM
(Paclitaxel), one of the most active anticancer drugs in clinical use, has
shown significant potential for treatment of lung cancer when delivered
by the liposome aerosol method.

Dendrimers: Dendrimers are built from a starting atom, such as
nitrogen, after a repeating series of chemical reactions, carbon and
other elements was added into it; produce a spherical branching
structure called dendritic polymer which provide well defined nano
structure for drug delivery, targeting for particular receptor specific
site. Poly AMido-AMine (PAMAM) dendrimers were used for drug
delivery [26].

Gold Nanoparticles: Gold is used for nanoparticle applications
because it is unreactive and is not sensitive to air or light. However gold
does like to form bonds with it and for this reason their surfaces have
to be covered with a layer of protective molecules, for example sulfur
compounds. Gold nanoparticles (AuNPs) provide non-toxic carriers for
drug and gene delivery applications that provide a useful complement
to more traditional delivery vehicles as well as in diagnosis [27]. Gold
nanoparticles have property of converting allowed radiofrequency into
high frequency is known as ‘Quantum Dot property and can be used
for destroying cancer cells [28,29]. Their combination of low inherent
toxicity, high surface area and tunable stability provides them with
unique attributes that should enable new delivery strategies [30].

Silicon Nanotubes: Mesoporous silica-based materials show
number of attractive features for biomedical applications, such
as stable mesoporous structures, large surface areas, tunable pore
sizes and volumes, good biocompatibility, and well-defined surface
properties available for further fictionalizations [31,32]. The structure,

morphology, size, and surface properties of MSNs have been found to
be facilely tunable for the purposes of drug loading, controlled drug
release and delivery, and multifuctionalization. These MSNs have an
average diameter less than 80nm and exhibit well ordered porous
structure and with aqueous stability.

Apart from these there were some natural polymers that include
Starch, chitosan [33], alginate, and dextrans. These polymers are
applied as colloidal particles of size 10nm-1um termed nano-particles.
In this system, the drug to be delivered could be dispersed within the
polymeric matrix or adsorbed on the surface of the carrier in which
case they are called nano-spheres or it could be encapsulated within
a core surrounded by polymeric membrane and are known as nano-
capsules [34].

Targets for Drug Delivery

One of the major challenges in drug delivery is to carry the drug at
the place where it is needed and to avoid potential side effects on non
diseased organs. After reaching the targeted tissue, drugs should have
the ability to selectively kill diseased cells without affecting normal cells
with a controlled release mechanism of the active form [35]. These basic
strategies are also associated with improvements in patient survival and
quality of life by increasing the intracellular concentration of drugs
and reducing dose-limiting toxicities simultaneously. Increasingly,
nanoparticles seem to have the potential to satisfy both of these
requirements for effective drug carrier systems [36].

Cellular & Intracellular Targets: Intracellular targeting refers
to the delivery of therapeutic agents to specific compartments or
organelles within the cell. The therapeutic agent could be a low
molecular weight drug or a macromolecule like protein or DNA. There
are number of ways in which therapeutic drug can be delivered into
target cell. This may be by simple diffusion or it may involve complex
cellular machinery [37]. The major route of intracellular therapeutic
uptake is through endocytosis [38]. The endocytic processes described
to date include fluid phase pinocytosis, clathrin-coated pit endocytosis,
caveoli, macropinocytosis and phagocytosis. All the endocytic processes
are energy dependent. Thus, endocytosis is at least partially inhibited
either at low temperatures or by cellular ATP depletion using metabolic
inhibitors such as sodium azide (inhibits oxidative phosphorylation)
and 2- deoxyglucose (inhibits glycolysis). The intra cellular drug
delivery involves Endo-Lysosomal targeting in which anti bacterial
and antiparasitic agents to lysosomes and phagolysosomes [39]. The
need for antibiotics with greater intracellular efficacy led to the use of
endocytosable drug carriers such as liposomes and nanoparticles, which
mimic the entry path of the bacteria by penetrating into phagosomes
or lysosomes [40]. Another type of intracellular drug delivery involves
cytoplasmic delivery and this is so because the receptors for steroids
were present in the cytoplasm and hence, by delivering the drug at or
near its receptor site, one could achieve better therapeutic effect and
at the same time reduce the undesirable side effects [41]. A number
of gene carriers that escape the endo-lysosomal compartment have
been found to be good transfecting agents. Viruses and peptide toxins
use a fusogen peptide to cross the endosomal membrane and reach
the cytosol. Similarly, non-viral vectors such as cationic lipids and
polycations protect the DNA by either retarding the transfer of DNA
from endosomes to lysosomes or destabilize the endo-lysosomal
membranes [42]. The next type of targeting is nuclear targeting. The
nuclear targeting of macro molecules has been extensively studied
and has been used for delivering therapeutic agents specifically into
nucleus [43]. Main application of nuclear targeting has been to deliver
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plasmid DNA for improving the efficiency of gene expression. In non-
dividing cells, the rate-limiting barrier to efficient gene transfection is
the nuclear membrane [44]. Agents such as Trichostatin A that inhibit
the nuclear export of the transcription factor NF-kB have been shown
to have potential anti-tumor efficacy. Mitochondrial-targeted drug
delivery is also important for the delivery of antioxidant molecules
to mitochondria for preventing oxidative damage [45,46]. Oxidative
damage causes non-specific damage to lipids, proteins and DNA and
many respiratory chain proteins, especially iron-sulfur proteins, are
particularly susceptible to oxidative damage leading to a decline in
the efficiency of oxidative phosphorylation. Mitochondrial oxidative
damage increases in a wide variety of diseases including ischemia-
reperfusion injury and neurodegenerative diseases, contributing to
their pathophysiology by disrupting mitochondrial function.

Brain - the ultimate Target: Nanoparticles can also be used for
getting drugs into brain. The Blood- Brain Barrier is an endothelial
interfaces with tight junctions, which unable the entry of many drugs
to brain . However, nanoparticle drug delivery is particularly useful
for disorders of Central nervous System because some nano particles
are able to cross BBB. Often they can deliver drugs directly into CNS.
Transport of NPs across the BBB has been characterized similarly too
many of the known transport mechanisms described for other drugs.
Passive diffusion at the BBB occurs when a drug dissolves in the lipid
membrane of cerebrovascular endothelial cells and then released into
the brain [47]. Passive diffusion depends on: (1) the lipophilicity of
the drug, (2) charge, (3) concentration gradient, (4) molecular weight,
and (5) the degree of protein binding. Solid lipid nanoparticles have
also been proposed to be useful in delivering various drugs across
the blood brain barrier [48,49]. Bioactive molecules like antisense
oligonucleotides loaded in solid lipid nanoparticles were claimed
to penetrate the blood brain barrier and are suggested for use in the
treatment of various cerebral diseases [50].

Advanced Drug Delivery System

Controlled drug-delivery strategies have made a dramatic impact
in medicine. In general, controlled-release polymer systems deliver
drugs in the optimum dosage for long periods, thus increasing the
efficacy of the drug, maximizing patient compliance and enhancing the
ability to use highly toxic, poorly soluble or relatively unstable drugs.
Nanoscale materials can be used as drug delivery vehicles to develop
highly selective and effective therapeutic and diagnostic modalities.

Liposome mediated drug delivery: Designing adequate drug
carriers has long been a major challenge for those working in drug
delivery. Since drug delivery strategies have evolved for mucosal
delivery as the outstanding alternative to parenteral administration,
many new drug delivery systems have been developed which evidence
promising properties to address specific issues [51]. Colloidal carriers,
such as nanoparticles and liposomes, have been referred to as the
most valuable approaches, but still have some limitations that can
become more inconvenient as a function of the specific characteristics
of administration routes [52]. The lipid/chitosan nanoparticle
complexes are expected to protect the encapsulated drug from harsh
environmental conditions, while concomitantly providing its controlled
release [53]. To prepare these assemblies, two different strategies have
been applied: one focusing on the simple hydration of a previously
formed dry lipid film with a suspension of chitosan nanoparticles,
and the other relying on the lyophilization of both basic structures
(nanoparticles and liposomes) with a subsequent step of hydration with
water [54]. Liposomal nanoparticle therapeutics containing cytotoxic
agents , nanotechnology-enabled delivery of GMPgrade WHI-P131

showed potential treatment for breast cancer and shown to be more
effective and less toxic anti-cancer treatment strategies due to their
improved pharmacokinetics, reduced systemic toxicity, and increased
intratumoral/intracellular delivery [55].

Nanoparticles in gene delivery: Gene delivery systems are an
important area in the field of genetic nano medicine [56]. Nanoparticle
mediated gene delivery had recently emerged as a promising tool
for gene therapy strategies. Substantial progress has been made
in binding DNA to nanoparticles and controlling the behavior on
binding DNAs to nanoparticles as well as on non-viral gene delivery
using polyethylenimine-coated magnetic nanoparticles. Currently
there were three different gene delivery systems for transferring gene
inserts into host cell [57]. They include viral gene delivery, nucleoacid
electroporation and nucleic acid transfection. Gene delivery through
viral vector methods is proven to be more efficient but it may insert viral
vector nucleic acid sequence into host genome, causing unwelcome
effects such as inappropriate expression of deleterious genes. Magnetic
nanoparticles were the most efficient gene delivery vectors tested. Many
researchers have developed magetofection methods. They modified the
surface of iron oxide- based MNPs to increase transfection efficiency
and to reduce cytotoxicity [58]. Cells incubated with these particles
showed no visible signs of toxicity (blebbing, apoptosis, etc.), even
though the particles are made of iron. The MNP offer the most promise
of the nanoparticles evaluated [59].

Apart from medical field nanotechnology plays important role
in studying electron-photon interactions, protein strategies [60]
creation of nano structure films and interactions [61]. Nanobiosensors
were being developed that sense the level of body fluids like blood
[62,63,64,65].

Conclusion

Targeted drug delivery has become critical wake in the availability of
therapeutic agents. Nanoparticles formulated from different polymers
and other nanotechnology approaches have demonstrated the potential
for intracellular drug delivery and drug delivery through Blood Brain
Barrier. Though many progresses were reached in nanomedicine, still a
conceptual understanding of biological responses to nanoparticles have
to be developed for applying safe nanomaterial drug delivery in future.
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