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upon. They offer a number of advantages including biocompatiblity, stablity, and stealthy properties.
Therapeutic agents can be easily encapsulated within the particles by a combination of sol-gel
polymerization with either spray-drying or nano emulsion technologies. Sol-gel emulsion technology
enables the production of nanoparticles with homogeneous drug distribution, and also allows normal
temperature processing, decisive for the management of biologicals. Pilot in-vivo experiments
revealed enhanced blood stability of the nanoparticles along with sustained release of anticancer
agents (Lu ef al., 2007). Porous hollow silica nanoparticles were fabricated via a sol-gel route with
two different structure-directing templates with a diverse shell thicknesses in the range of 545 nm
and a pore diameter of about 4-5 nm. The shell thickness was controlled by adjusting the reactant
ratio of Na»Si03-9H,0/CaCO;. The produced nanoparticles were used as controlled release carriers to
investigate the effect of the shell thickness on the loading efficiency for avermectin and the release
profile of avermectin. It was found that the amount of loaded avermectin decreased with the increase
of shell thickness. Moreover, the shell thickness had a significant brunt on avermectin release.
Increasing the shell thickness in the range of 545 nm led to a more sustained release, proving that
the shell thickness is one of the main factors controlling the release of the drug from such systems (Li
et al., 2005).

Organically-modified silica (ORMOSIL) nanoparticles as a nonviral vector have been worked
upon by a number of researchers for efficient in vivo gene delivery. Highly monodispersed, stable
aqueous suspension of nanoparticles was prepared by Bharali et a/. 2005. These were surface-
functionalized with amino groups for binding of DNA. These were used both for the imaging as well
as controlled delivery of nuclear growth factor receptor type 1 gene for in vivo targeted brain therapy.

Zeolite Nanocarriers

Polymers suffer from a great disadvantage that as it is the diffusion through which the release of the
drug occurs, therefore, pore size in the polymer is the most critical factor (Horcajada et al., 2006).
This led to the discovery of the materials with tunable porous structures such as zeolites. These are
minerals consisting of metals or metalloid components in a crystalline framework with pore sizes in
the range of 2-20A" (Smaihi er al., 2004). Adding AlO, as the part of this zeolite will add an ion
exchange component that will increase the loading efficiency of the compounds with a charge (Zhang
et al., 2006). The study was carried out with the herbicide paraquat followed by the modification of
the pore size by functionalizing the surface with 1,1,3,3,-tetramethyldisilazane (TMDS). Such
modification at the surface effectively reduced the pore size after loading, which allowed highest
loading efficiencies to be sealed in combination with a subsequent controlled release of paraquat. It
was found that undamaged paraquat released in aqueous solution by Na exchange from the
functionalized zeolite over a period of 7 days, whereas the 20-min release was revealed by the
unfunctionalized zeolite (Zhang et al., 2006). It was also demonstrated that this study could be well
extrapolated to the small, charged drugs for the controlled release applications. This study proves that
functionalized nanocrystalline zeolite particles are future controlled release capsules or chemical
sensors (MacLachlan et al., 2000). Apart from this, template free zeolite nanoparticles have also been
formed with altering surface functional groups. Producing zeolites with diverse functionalities
permits a range of future interactions with targeting agents and other drugs (Smaihi ef al., 2004).

Using ketoprofen as model drug, two different types of synthetic zeolites coded as “A™ and the one
obtained by co-crystallisation of “X” and “A” were studied in order to explore their ability to
encapsulate and release drugs. These nano materials were characterized by different techniques
including chemical analyses (ICP-AES), X-ray diffraction, nitrogen adsorption isotherm, scanning
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electron microscopy, laser diffraction, and infrared spectroscopy. In both the types, the encapsulation
of about 800 mg in a 2 gm of matrix was obtained. Release studies were done at different pH
conditions and no release and double release were observed at acidic and 5 and 6.8 pH values,
respectively. This suggested that after activation these materials offer impending system for modified
release (Rimoli ef al., 2008).

Carbon Nanotubes

Carbon nanotubes (CNTs) are tubular shaped nanostructures that can proficientaly be used as
delivery systems for imaging as well as therapeutic agents through conjugation or other techniques.
They have been found to intracellular deliver their cargo such as DNA, proteins and drug molecules
by effectively breaching the cell membrane barriers for delivery. These were found to be
biocompatible and non-toxic at the cellular level. Furthermore, current studies have shown targeted
internalization of nanotubes into cancer cells that have precise cell surface receptors following use as
high near-infrared (NIR) absorbing agents for cancer-cell destruction without harming normal cells
(Kam et al., 2005).

In vivo biodistribution studies of carbon nanotubes have not shown any toxicity (Singh er al.,
2006). Moreover, the properties of nanotubes are highly dependent on their functionalization, water
solubility, size, etc. Functionalization of carbon nanotube surfaces is necessary to attain desirable
properties as for ease in conjugation of therapeutic agents. For instance, the streptavidin/biotin
system was used to find the adsorption behavior of proteins on the sides of single-walled carbon
nanotubes (SWNTs). Functionalization of SWNTSs by coadsorption of a surfactant and poly (ethylene
glycol) was found to be effective in resisting nonspecific adsorption of streptavidin. Specific binding
of streptavidin onto SWNTs was attained by co-functionalization of nanotubes with biotin and
protein-resistant polymers (Shim er al., 2002). Georgakilas er al. have accounted on the orthogonal
functionalization of carbon nanotubes via 1,3-dipolar cycloaddition reaction which permits selective
conjugation of N-protected amino-terminated tether molecules to the walls of the tubes (Georgakilas
et al., 2002). Further, surface carboxylic acid groups formed by acid-mediated oxidation of nanotubes
were derivatized which allowed simultancous conjugation of two different therapeutic molecules.
Recently, a report on the use of various protection methods for selective conjugation of therapeutic
and imaging agents to multifunctional carbon nanotubes derivatized by the aforementioned methods
has been given (Pastorin ez al., 2006). Other than this, carbon nanotubes (CNTs) have been projected
and investigated as multipurpose novel carriers for drug delivery and diagnostic applications. Their
adaptable physicochemical features allow the covalent and non-covalent introduction of several
pharmaceutically relevant moieties. Among the most exciting examples of such multimodal CNT
constructs described in this context is one carrying a fluorescein probe along with the antifungal drug
amphotericin B or fluorescein and the antitumor agent methotrexate. The biological action was
equivalent or enhanced along with reduced toxicities, Same group also worked on the formation of
stable complexes between cationic CNTs and plasmid DNA and established the enhancement of the
gene therapeutic capacity when compared to DNA alone. Passively crossing of the membrane of
many different types of cells following a translocation mechanism make these nanostructures unique
in their own way. This is termed as the nanoneedle mechanism (Prato et al., 2007). In that way,
CNTs have paved the way for innumerable possibilities for future drug discovery based on
intracellular targets. So, nanotubes have appeared as nanomaterials with great potential for
application in drug delivery and biosensing. More research is needed for gaining full insight into the
benefits and limitations of these systems for biomedical applications. The combination of
mechanical, electrical, and structural properties of carbon nanotubes will certainly be subjugated in
the future for the development of systems with very precise functionalities.
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al., 2007). Multifunctional gold glyconanoparticles comprising of mixed monolayers of different
tumour-associated carbohydrate antigens (sialylTn and Lewisy antigens), immunogenic peptides (T-
cell helper peptides) and glucose (inert component to control the density of the antigens in the final
construct), in well defined average proportions and with differing density have been explored as a
new technique for potential anticancer vaccines eliciting antibodies against colon, liver, prostate and
ovarian carcinomas. These are synthesized by reducing a gold salt in the presence of thiol
functionalized synthetic neoglycoconjugates, and are extremely small, water soluble and stable to
glycolytic enzymes. The technology paves way for tailoring polyvalent anticancer vaccine candidates
and drug delivery carriers with defined average chemical composition.

Recently, polymeric glyconanoparticles have been reported in the literature composed of
polyacrylate nanoparticles (Abeylath and Turos, 2007). Antibiotics can be covalently-bound within
their framework to form entities termed as glyconanoparticle antibiotics or glyconanobiotics
(Abeylath er al., 2008). Glycosylated drug monomers were synthesized from one of three known
antibiotics, an N-sec-butylthio B-lactam, ciprofloxacin, and a penicillin, by acylation with the
reagents 3-O-acryloyl-1,2-O-isopropylidene-5,6 bis((chlorosuccinyl) oxy)-D-glucofuranose or 6-O-
acetyl-3-O-acryloyl-1,2-O-isopropylidene-5-(chlorosuccinyl)oxy-a-D-glucofuranose. These water-
soluble glycosylated acrylate monomers were then subjected to emulsion polymerization process by
reaction with a mixture of butyl acrylate—styrene in the presence of sodium dodecyl sulfate as
surfactant and potassium persulfate as a radical initiator. Microbiological testing showed that the N-
sec-butylthio P-lactam and ciprofloxacin nanoparticles both had potent in vitro antimicrobial
activities against methicillin-resistant Staphylococcus aureus and Bacillus anthracis, while the
penicillin-bound nanoparticles lacked such activity.

Viral Vectors: Gene Delivery Devices

Viral vectors have been efficiently used as gene delivery devices. Attenuated or modified viruses are
used to carry the therapeutic gene enclosed in their capsid, thus being able to protect it until it reaches
its target. Many exciting researches have been done in this field (Mainardes, 2004). [n addition to the
direct gene delivery, they have been used for active targeting of the therapeutic agent or metal
nanoparticles to exert bystander effect as observed in the case of hyperthermia induced by near-
infrared laser irradiation of gold nanoparticles covalently coupled to retargeted adenoviral vectors to
allow the selective delivery. For this, sulfo-N-hydroxysuccinimide-labeled gold nanoparticles were
allowed to react with adenoviral vectors encoding a luciferase reporter gene driven by the
cytomegalovirus promoter (AdCMVLuc) (Everts er al., 2006). Viral vectors have been projected as
conducive gene delivery devices due to their advantage over man-made colloidal systems for
transfection of cells.

Organic Nanoconstructs: As Drugs

Some metals such as silver and copper have antibacterial properties for which they have been used in
formulations to treat or prevent infection in burn victims etc. mechanism of action includes controlled
delivery of silver ions to the affected area where it interacts with the bacterial DNA and inhibits its
further replication. The antimicrobial activity of silver nanoparticles against E. coli was examined.
Bacteriological tests were performed in LB medium on solid agar plates and in liquid systems
appendaged with nanosized silver particles. The particles prove to be an effective bactericide.
Scanning and transmission electron microscopy (SEM and TEM) were used to study the bactericidal
action of these nanoparticles. The results confirmed that the treated E. coli cells got damaged and
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