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to provide new sustained drug delivery with better drug distribution,
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INTRODUCTION™®!

Drug targeting to specific organs and tissues has become one of the critical endeavors of the
new century. The search for new drug delivery approaches and new modes of action
represent one of the frontier areas which involves a multidisciplinary scientific approach to
provide major advances in improving therapeutic index and bioavailability at site specific
delivery. The hard to target tissues such as blood-brain barrier permeation limitation can now
be overcome allowing the use of therapies otherwise excluded by conventional dosage forms.
These new systems can hinder solubility problems; protect the drug from the external
environment such as photo degradation and pH changes, while reducing dose dumping by
controlling the release profile. Moreover, controlled targeting at the site of action and reduced
time of exposure at non-targeting tissues increases the efficacy of treatments and reduce

toxicity and side effects thus improving patient compliance and convenience.

Biocompatibility is one of the major pre-requisites for pharmaceutical use, and designing a

formulation to fit the physicochemical properties of the drug poses the challenge to new
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dosage forms. Nowadays, the versatility and biodegradability of polymers such as poly (D-L-
lactide-co-glycolide) (PLGA) constitute a leading approach to new dosage forms to avoid
physiological and pathological hurdles encountered in developing targeting strategies. This
approach can improve the pharmacokinetic profiles of numerous drugs through the delivery
of a higher dose at the site-specific organs by using ligands while conferring a controlled
release and degradation to non-toxic products. Meanwhile, oral administration is the most
convenient route for drug delivery and the focus of recent research concerns the development
of carriers that can cross biological barriers such as the gastrointestinal (Gl) tract. In such a
way it is necessary for the carrier to protect the drug against the hostile and degrading milieu
of the Gl tract while increasing the residence time (e.g. Bioadhesion) and target specific cells

to enhance absorption which will most likely require less frequency regimens.

A number of drug delivery systems are currently under investigation to circumvent the
limitation commonly found in conventional dosage forms and improve the potential of the
respective drug. On the other hand, there has been a focus on the microenvironment of the

cells and their interaction with these new dosage forms.

TYPES OF NEW DRUG CARRIER SYSTEMS
Microsponges!®
Microsponges are biologically porous inert particles that are made of synthetic polymers.

They can protect the drug from the environment and provide a controlled release.

Microsponge delivery system consisting of a polymeric bead having network of pores with an
active ingredient held within was developed to provide controlled release of the active
ingredients whose final target is skin itself. The system was employed for the improvement
of performance of topically applied drugs. The common method of formulation remains
same; the incorporation of the active substance at its maximum thermodynamic activity in an
optimized vehicle and reduction of the resistance to diffusion from stratum corneum.
Microsponge consists of noncollapsible structures with porous surface through which active
ingredients are released in a controlled manner. Depending upon the size, the total pore
length may range up to 10 ft and pore volume up to 1 ml/g. Microsponges are porous
microspheres having interconnected voids of particle size range 5-300um. Microsponges are
uniform, spherical polymer particles. Their high degree of cross-linking results in particles
that are insoluble, inert and of sufficient strength to stand up to the high shear commonly

used in manufacturing of creams, lotions, and powders. Their characteristic feature is the
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capacity to absorb or “load” a high degree of active materials into the particle and on to its
surface. Its large capacity for entrapment of actives, up to three times its weight,
differentiates microsponge products from other types of dermatological delivery systems.
While the active payload is protected in the formulation by the Microsponge particle, it is

delivered to skin via controlled diffusion.

Microsponges are microscopic spheres capable of absorbing skin secretions, therefore
reducing oiliness and shine from the skin. Spherical particles composed of clusters of even
tinier spheres are capable of holding four times their weight in skin secretions. Microsponge
polymers possess the versatility to load a wide range of actives providing the benefits of
enhanced product efficacy, mildness, tolerability, and extended wear to a wide range of skin
therapies.’” MDS technology is being used in cosmetics, over-the-counter (OTC) skin care,

sunscreens and prescription products.

Market products are available such as Retin-A micro® for acne vulgaris and Carac®

containing fluorouracil for actinic keratosis treatments.

Nanotechnology!***!

The use of nanotechnology for drug delivery rapidly produced commercially available
products and the term nanomedicine emerged. Nanomedicine is the application of nanometer
scale materials in an innovative way to develop new approaches and therapies. At this scale,
materials display different physicochemical properties due to their small size, surface
structure and high surface area. These properties allow nanoparticulate systems to overcome
current limitations of conventional formulation as they facilitate the intracellular uptake to
specific cellular targets. Thus, nanotechnology has been adopted in several fields such as

drug/gene delivery, imaging and diagnostics.

Immunoconjugatest™>*

Antibody drug-conjugates or immunoconjugates are recombinant antibodies covalently
bound through a linker to a drug. The idea behind this technology is to target potent drugs to
the specific site by using the specificity of monoclonal antibodies (mAb) thus avoiding
nontargeted organs toxicity. These immunoconjugates can be used across a wide spectrum of
diseases by selecting the appropriate molecular domains. The first approved
immunoconjugate (Mylotarg, gemtuzumab ozogamicin) was used for the treatment of acute

myeloid leukemia. On the other hand, new strategies have been developed to use antibodies
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attached on nanoparticles and liposomes (so called immunonanoparticles and
immunoliposomes, respectively). These systems can be applied to encapsulate multiple drugs
while protecting from the external environment and exert a controlled release. Moreover, they
can target hard-to-target tissues such as blood-brain barrier (BBB) by targeting transferrin,

insulin or glutathione receptors, triggering their activation and consequent internalization.

Virus!®-2

Viruses are potential vehicles for drug and gene therapies due to their natural ability to infect
specific cells and transport genomic material to the nucleus. Using recombinant virus can
improve transfection efficiency while evading degradation by lysosomes thus enhancing drug
delivery. The main difficulties involve creating viral vectors lacking replication machinery
while maintaining the ability to infect mammalian cells. Various viruses have been tested and
the most common used are lentivirus, retrovirus and adenovirus. However, the use of viruses
raises concerns related to their safety due to the risk of insertional mistakes and activation of
proto-oncogenes, viral replication and strong immune responses. Moreover, retroviruses have
size loading limitation as they can only infect dividing cells therefore they are most used for
ex vivo delivery. Lentivirus on the other hand can deliver gene into nondividing cells as well
as adenovirus (the virus remains extrachromosomal which reduces the chances of disrupting
cellular genome). These systems are most likely to be applied in cytotoxic gene therapy. In
contrast to these, nonviral vectors such as liposomes (virosomes) and nanoparticles have

rapidly increased due to their low immune response and ease of synthesis.

Vesicular Systems!?®%]

In recent years, vesicles have become the vehicle of choice in drug delivery. Lipid vesicles
were found to be of value in immunology, membrane biology, diagnostic techniques, and
most recently, genetic engineering. Vesicles can play a major role in modeling biological
membranes, and in the transport and targeting of active agents. Biological membranes form
the ubiquitous delimiting structures that surround and compartmentalize all cells and
organelles. The bilayer arrangement of lipids is perhaps the only organizational feature that is
common to all biological membranes. Numerous theoretical models of membrane structure
have appeared since the publication of the cell theory by Schleiden and Sehwann in 1839.
Experimental models provide insight into the motional dynamics and static structures of some
isolated compartments of biological membranes. Lipid vesicles are just one type of the many

experimental models of biomembranes. Although developed for basic research, many
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technological innovations have arisen from the applications of these models. Lipid vesicles
have evolved successfully, as vehicles for controlled delivery. Conventional chemotherapy
for the treatment of intracellular infections is not effective, due to limited permeation of drugs
into cells. This can be overcome by use of vesicular drug delivery systems. Encapsulation of
a drug in vesicular structures can be predicted to prolong the existence of the drug in systemic
circulation, and perhaps, reduces the toxicity if selective uptake can be achieved. The
phagocytic uptake of the systemic delivery of the drug-loaded vesicular delivery system
provides an efficient method for delivery of drug directly to the site of infection, leading to
reduction of drug toxicity with no adverse effects. Vesicular drug delivery reduces the cost of
therapy by improved bioavailability of medication, especially in case of poorly soluble drugs.
They can incorporate both hydrophilic and lipophilic drugs. Vesicular drug delivery systems
delay drug elimination of rapidly metabolizable drugs, and function as sustained release
systems. This system solves the problems of drug insolubility, instability, and rapid
degradation. Consequently, a number of vesicular delivery systems such as liposomes,

niosomes, pharmacosomes etc, were developed.

a) Liposomes, Transferosomes, Ethosomes, Niosomes, Virosomes, Cochleate, Cubosomes®
6, 28-36]

These are phospholipid based vehicles composed of a bilayer membrane that can be divided
into small unilamellar vesicles (or SUV from 20 nm to 100 nm), large unilamellar vesicles
(LUV from 100 to 500 nm) and multilamellar vesicles (MVL exceeding 500 nm). These
systems have the ability to encapsulate both lipophilic drugs within their membrane and
hydrophilic drugs inside or outside the aqueous core and the membrane of these carriers can
be altered and tuned. Liposomes which are most commonly produced with
phosphatidylcholine show great compatibility, ease of preparation, wide range of drug
compatibilities, increased solubility of drugs (e.g. cycloporin A), tuned pharmacokinetic
profile and improved oral absorption. Commonly, they present difficulties when orally
delivered due to the poor stability of the vesicles under the physiological conditions typically
found in the GI tract. Liposomes can also act as a drug depot injected subcutaneously and
intact vesicles were found after 96h. However, liposomes are metastable systems and their
pharmaceutical use may be limited due to content leak- age with poor controlled release, low
encapsulation efficiency and loading. Moreover, weak chemical and physical protection of
sensitive drugs, aggregation into large particles and hydrolysis with formation of oxidation

products with difficulties in industrial scale production and stability problems during storage
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have been also described. As a result, ethosomes and transferosomes are liposomes with
increased flexibility due to the addition of ethanol and surfactants, respectively. Niosomes are
a non-ionic surfactant vesicles made up from polyoxyethylene alkyl ethers, polyoxyethylene
alkyl esters or saccharose diesters. These systems are specially designed for skin delivery
(ethanol is a known permeability enhancer) due to their facilitated fusion and malleability
(transferosomes are ultradeformable) with membranes and have shown that they can be
modulated from superficial skin (e.g. treatment of Herpes virus) to full dermal penetration
(e.g. required for transdermal delivery of insulin) overcoming limitation commonly found in
liposomes. The other type of liposomes is classified as virosomes which are liposomes
carrying viral proteins removed from virus on their surface. This strategy has been proposed
to immunization and can be administered via mucosal (nasal, vaginal, etc.), intradermal and
intramuscular routes. Those systems can incorporate a variety of molecules and can be
designed to improve the uptake by dendritic cells through different receptor-mediated routes.
Furthermore, cochleates are stable particles (more than other lipidic structures) derived from
liposomes composed mainly of charged phosphatidylserine in the presence of divalent
counter ion such as Ca2+ which forms a continuous large lipid bilayer sheet with no internal
aqueous space. Cochleate delivery has shown potential use for am photericin B, factor VIII
delivery, proteins, peptides and DNA. Finally, there are cubosomes. Because of their
multilayer structure of continuous lipid bilayer cubosomes are similar to cochleates but they
are considered as novel lipid delivery systems. They have self-assembly cubic-like
appearance, are biocompatible and show bioadhesive properties ideal for oral administration.
More recently, the problems associated with the use of ultrasound in liposomes were
overcome and a new kind of liposomes named eLiposomes were produced. The eLiposome
can be used as drug carriers which can be induced to vaporize and cavitate when exposed to
ultrasound being useful in several applications such as in cancer therapy. A variety of
commercially available products constituted from liposomes are available such as Pevaryl®
containing econazole which have been used to treat dermatomycosis, Diclac® for therapy of
osteoarthritis and Daylong® containing UV filters for patients with high risk of actinic

keratosis.

b) Solid Lipid Nanoparticles (SLN) and Nanostructure Lipid Carriers (NLC)?®]
Solid lipid nanoparticles (SLN) are made up from lipids, solid at room and body temperature,
such as glycerol behenate, glycerol palmitostearate, lecithin, triglycerides and tristearin

glyceride. SLN have shown to be stable for a long period, protect labile compounds from
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chemical degradation and can be processed up to large-scale production. However, they still
present problems related to their loading efficiency due to the formation of a lipid crystal
matrix and possible changes of the physical state of the lipids. To overcome this limitation, a
novel structure composed of a mixture of lipids solid and fluids at room temperature (semi-
liquid formulations) named nanostructured lipid carriers (NLC) were produced. This system
shows high encapsulation efficiency and loading capacity due to the formation of less ordered
lipid matrix, and they show long term stability with a controlled release and without burst
effect. These colloidal carriers have emerged as a potential alternative to other recent

colloidal systems like polymeric nanoparticles.

Microemulsions and Nanoemulsionst®* 4!

These are isotropic mixtures of oil/ water stabilized by surfactants frequently in combination
with co-surfactants. They have shown high solubilization and dissolution properties,
thermodynamic stability and the stabilizers prevent particle agglomeration and/or drug
leakage. They have improved permeation enhancement ideal for transdermal delivery as they
act in synergy. Microemulsions may work by enhanced disruption of skin-lipid structure or

by improving the stability of the drug in the formulation.

Cyclodextrinst* 4°!

Cyclodextrins are cyclic oligosaccharides consisting of six a-cyclodextrin, seven f-
cyclodextrin, eight y-cyclodextrin or more glucopyranose units linked by a-(1,4) bonds.
They are also known as cycloamyloses, cyclomaltoses and Schardinger dextrins. They are
produced as a result of intramolecular transglycosylation reaction from degradation of starch

by cyclodextrin glucanotransferase (CGTase) enzyme.

S-Cyclodextrin is ideal for drug delivery due to the cavity size, efficiency drug complexation
and loading, availability and relatively low cost. They can prevent the drug degradation;
improve the drug stability and solubility resulting on a higher bioavailability. An example of
cyclodextrins in drug delivery system is the derivate 2-hydroxylpropyl (HPBSCD) which is a
powerful solubilizer and has a hydrophilic outside and hydrophobic inside. For absorption in
the GI tract, the complexes must contact with the surface thus promoting dissociation and
drug permeation across the membrane. Moreover, cyclodextrins can work synergistically as

permeation enhancers to improve their absorption across the skin.
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Metal Nanoparticles and Quantum Dots! 4!

Inorganic nanoparticles have emerged a few years ago as drug and gene delivery systems,
imaging agents and diagnostic biosensors. Magnetic drug targeting (such as the use of iron) is
characterized by conjugating a magnetic material under the action of the external magnetic
field, which can accumulate in target tissue areas under the action of the external magnetic
field. However, magnetic particles alone are not suited for drug vehicles because of
limitations in the controlled release. A mixed composition of a magnetic nucleus and a
polymeric shell could take advantage of the two components. Quantum dots are colloidal
cores surrounded by one or more surface coatings that reduce leaching of metals from the
core. These nanoparticles are of extreme importance for diagnosis. Furthermore, titanium
dioxide and zinc oxide demonstrate the potential of nanoparticles to improve
therapeutic/prevention performance being particularly useful as sunscreen agents. The
micronization of these compounds to nanometer range removes the opacity characteristic

associated with them and increases the UV protection.

Polymers

a) Dendrimerst**"!

Dendrimers are tree-like branched synthetic polymer macromolecular nanoparticles in a
dendron like structure which can be designed to target specific structures. They have a
remarkable well defined control over size with narrow polydispersity. They have a large
surface functionality providing a wide range of applications such as drug and gene delivery,
biological adhesives, imaging agents (e.g. MRI). Thus, they can be used for oral, transdermal,
ocular and intravenous deliveries. Dendrimers can easily cross cell barriers by both
paracellular and transcellular pathways. Dendrimers can be structurally modified. This
modification can be made to the nature of the core and the scaffold giving polyfunction
capacity to the dendritic structure. Their size, molecular weight and number of surface
functional groups can be modulated through the increase in generation number (1 nm per
generation). Dendrimers provide a high loading capacity with controlled release which can be
modulated to actively release the agent by pH-triggering cleavage. The rate of drug release
from the matrix is influenced by the nature of the linking bond or spacer between the drug
and scaffold and the targeted physiological domain for intended release. The surface ligands
can also control the release from the dendrimers such as in creased steric hindrance of
mannose and folate. A novel concept that enables simultaneous release of all functional

groups by a single stimulus has been reported which has been named cascade-release
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dendrimers. However, this system raises concerns about drug release at the wrong time and
place which can raise toxicity profiles. Several dendrimer based diagnostic and/or in vitro
technologies are already in the market such as Stratus CS which is a dendrimer-coupled
antibody reagents, Superfect (activated dendrimer technology for DNA transfection into a
broad range of cell lines) and PriofectTM which is a transfection reagent. Priostar™ and
STARBURST® have also been designed to be used as targeted diagnostic and therapeutic
delivery systems for a wide variety of drugs to cancer cells and other diseases. As well,
Vivagel® is a microbicide for prevention of HIV and HSV and it is based on dendrimers.

b) Natural and Synthetic Polymeric Nanoparticlest®*

Drug/gene encapsulation can be achieved by embedding into the matrix or absorbed onto the
surface of nanoparticles homogenously dispersed or not. Nanoparticles are solid carriers that
can be either made up of natural or synthetic polymers and whether or not biodegradable.
Nanoparticles have received more attention than have liposomes because of their therapeutic
potential and greater stability in biological fluids as well as during storage. Nanoparticles are
advantageous in many ways since they use the unique micro-anatomy of the inflamed tissue
blood capillaries, which have gaps between the linings of endothelial cells causing vessel
leakiness. Moreover, they show high encapsulation efficiency and protection of instable

drugs against degradation of the external environment in comparison to liposomes.

Several methods have been described and nanoparticles can be obtained by polymerization of
a monomer or from preformed polymers but recent methods make use of safe solvents with

industrial application.

The nanoparticles properties can be tailored by using different polymers and copolymers or
proteins. The new strategies use new biodegradable synthetic polymers and modified
polymers from natural products such as chitosan and albumin. Chitosan has been shown to be
relatively safe and is used as a food additive. Moreover, chitosan is widely used due to its
biocompatibility, mucoadhesiveness and permeability enhancing properties and its derivates
have shown improved characteristics. Albumin is a natural carrier of hydrophobic molecules
such as fatty acids, hormones and fat-soluble vitamins. Albumin has been extensively used as

it is non-toxic and non-immunogenic.

However, natural polymers raise concerns in purity and stability and thus synthetic polymers

have been applied. Synthetic polymers from the ester family such as poly(lactic acid) (PLA),
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poly(cyanoacrylates) (PACA), poly(acrylic acid), poly(anhydrides), poly(amides), poly
(ortho esters), poly(ethylene glycol), and poly(vinyl alcohol) (PVA) and other like
poly(isobutylcynoacrylate) (PIBCA), poly(ethylene oxide) (PEO), poly(e-caprolactone)
(PCL) are suitable for drug delivery due to their biodegradability. PLGA, another synthetic
polymer, has been extensively used in medical applications such as suture materials and bone

fixation nails and screws as well as in diverse drug delivery applications.

Recently, poly (#-amino ester) (PbAE) has emerged in the spotlight because it demonstrates a
pH sensitive release in which at acid pH it rapidly releases its contents. This polymer has
shown to be less toxic than other cationic polymers such as poly (ethyleneimine) and poly (L-
lysine) (PLL).

CONCLUSION

The effort to produce these new drug carrier systems is clearly high. These carriers provide
the hope to treat and diagnose several diseases. Several technologies have advanced into
clinical studies and are nowadays market products that have been shown favorable results. It
was also shown in this review that these recent drug carriers are a promising set of
technologies that already penetrated the cancer area and they likely have a strong impact in
this field in the future. However, there are some issues that need to be understood in order to
ensure their safety and effectiveness. In the future, new entities will become available and

responsive and “clever” polymers will offer new perspectives for the treatment of diseases.

REFERENCES

1. R. Haag and F. Kratz, “Polymer Therapeutics: Concepts and Applications,” Angewandte
Chemie International Edition, 2006; 45(8): 1198-1215. doi:10.1002/anie.200502113

2. B. Semete, L. Booysen, Y. Lemmer, L. Kalombo and L. Katata, “In Vivo Evaluation of
the Biodistribution and Safety of PLGA Nanoparticles as Drug Delivery Systems,”
Nanomedicine, 2010; 6(5): 662-671. doi:10.1016/j.nan0.2010.02.002

3. H. C. Korting and M. Schafer-Korting, “Carriers in the Topical Treatment of Skin
Disease,” Handbook of Experi- mental Pharmacology, 2010; 197: 435-468.

4. S. Wang, M. Tan, Z. Zhong, M. Chen and Y. Wang, “Nanotechnologies for Curcumin:
An Ancient Puzzler Meets Modern Solutions,” Journal of Nanomaterials, 2011; 2011: 8.

5. A.V. Kabanov and E. V. Batrakova, “New Technologies for Drug Delivery across the
Blood Brain Barrier,” Current Pharmaceutical Design, 2004; 10(12): 1355-1363.
doi:10.2174/1381612043384826

WWW.Wjpls.org 371




Pawar. World Journal of Pharmaceutical and Life Sciences

6.

10.

11.

12.

13.

14.

15.

16.

17.

J. R. Lattin, D. M. Belnap and W. G. Pitt, “Formation of Eliposomes as a Drug Delivery
Vehicle,” Colloids and Surfaces B: Biointerfaces, 2011; 89: 93-100.

L. E. van Vlerken, Z. Duan, S. R. Little, M. V. Seiden and M. M. Amiji, “Biodistribution
and Pharmacokinetic Analysis of Paclitaxel and Ceramide Administered in
Multifunctional Polymer-Blend Nanoparticles in Drug Resistant Breast Cancer Model,”
Molecular Pharmaceutics, 2008; 5(4): 516-526. doi:10.1021/mp800030k .

R. Li, L. Xie, Z. Zhu, Q. Liu and Y. Hu, “Reversion of pH-Induced Physiological Drug
Resistance: A Novel Function of Copolymeric Nanoparticles,” PL0S One, 2011; 6(9):
e24172. doi:10.1371/journal.pone.0024172

Embil K, Nacht S. The microsponge delivery system (MDS) a topical delivery system
with reduced irritancy incorporating multiple triggering mechanisms for the release of
actives. J. Microencapsule, 1996; 13: 575-88.

Delattre L, Delneuville 1. Biopharmaceutical aspects of the formulation of dermatological
vehicles. J. Eur. Acad. Dermatol.Venereol, 1995; 5: S70.

W. Geldenhuys, T. Mbimba, T. Bui, K. Harrison and V. Sutariya, “Brain-Targeted
Delivery of Paclitaxel Using Glutathione-Coated Nanoparticles for Brain Cancers,”
Journal of Drug Targeting, 2011; 19(9): 837- 845. doi:10.3109/1061186X.2011.589435
O. Taratula, O. B. Garbuzenko, P. Kirkpatrick, I. Pandya and R. Savla, “Surface-
Engineered Targeted PPI Dendrimer for Efficient Intracellular and Intratumoral sSiRNA
Delivery,” Journal of Controlled Release, 2009; 140(3): 284-293.
doi:10.1016/j.jconrel.2009.06.019

V. V. Mody, R. Siwale, A. Singh and H. R. Mody, “Introduction to Metallic
Nanoparticles,” Journal of Pharmacy and Bioallied Sciences, 2010; 2(4): 282-289.
d0i:10.4103/0975-7406.72127

D. Brambilla, B. Le Droumaguet, J. Nicolas, S. H. Hashemi and L. P. Wu,
“Nanotechnologies for Alzheimer’s Disease: Diagnosis, Therapy, and Safety Is-sues,”
Nanomedicine, 2011; 7(5): 521-540. doi:10.1016/j.nan0.2011.03.008

A. Beck, J. F. Haeuw, T. Wurch, L. Goetsch and C. Bailly, “The Next Generation of
Antibody-Drug Conjugates Comes of Age,” Discovery Medicine, 2010; 10(53): 329-3309.
A. M. Wu and P. D. Senter, “Arming Antibodies: Prospects and Challenges for
Immunoconjugates,” Nature Biotechnology, 2005; 23(9): 1137-1146.d0i:10.1038/nbt1141
A. L. Nelson, “Antibody Fragments: Hope and Hype,” MAbs, 2010; 2(1): 77-83.
doi:10.4161/mabs.2.1.10786

WWW.Wjpls.org 372




Pawar. World Journal of Pharmaceutical and Life Sciences

18.J. C. Olivier, R. Huertas, H. J. Lee, F. Calon and W. M. Pardridge, “Synthesis of
Pegylated Immunonanoparticles,” Pharmaceutical Research, 2002; 9(8): 1137-1143.
doi: 10.1023/A: 1019842024814

19.J. C. Olivier, “Drug Transport to Brain with Targeted Nanoparticles,” Neuro Rx, 2005;
2(1): 108- 119. doi:10.1602/neurorx.2.1.108

20. H. M. Blau and M. L. Springer, “Gene Therapy—A Novel Form of Drug Delivery,” The
New England Journal of Medicine, 1995; 333(18): 1204-1207.
doi: 10.1056/NEJM199511023331808

21.Y. Z. Chen, X. L. Yao, Y. Tabata, S. Nakagawa and J. Q. Gao, “Gene Carriers and
Transfection Systems Used in the Recombination of Dendritic Cells for Effective Can-cer
Immunotherapy,” Clinical and Developmental Immunology, 2010; 2010, Article ID
565643, 12 Pages. doi:10.1155/2010/565643

22. H. Eliyahu, Y. Barenholz and A. J. Domb, “Polymers for DNA Delivery,” Molecules,
2005; 10(1): 34- 64. doi: 10.3390/10010034

23. B. Thaci, 1. V. Ulasov, D. A. Wainwright and M. S. Lesniak, “The Challenge for Gene
Therapy: Innate Immune Response to Adenoviruses,” Oncotarget, 2011; 2(3) 113-121.

24. M. G. Cusi, “Applications of Influenza Virosomes as a Delivery System,” Human
Vaccine, 2006; 2(1): 1-7. doi:10.4161/hv.2.1.2494.

25. Ogihara-Umeda I., Sasaki T., Toyama H., Oda K., Senda M., Nishigori H. Cancer Detect
Prev., 1997; 21(6): 490.

26. Park, J.W., Hong, K., Kirpotin, D.B. and Benz C.C., Adv. Pharmacol, 1997; 40: 399.

27. Kao, GY., Change, L.J., Allen, T.M., Cancer Gene Ther., 1996; 3(4): 250-6.

28. G. Fricker, T. Kromp, A. Wendel, A. Blume and J. Zirkel, “Phospholipids and Lipid-
Based Formulations in Oral Drug Delivery,” Pharmaceutical Research, 2010; 27(8):
1469-1486. doi: 10.1007/s11095-010-0130-x.

29. 1. Gilead Sciences, “AmBisome,” 2011.
http://www.ambisome.com/index2.php?section=about&page=intro.

30. S. R. Schaffazick, A. R. Pohlmann, C. A. de Cordova, T. B. Creczynski-Pasa and S. S.
Guterres, “Protective Properties of Melatonin-Loaded Nanoparticles against Lipid
Peroxidation,” International Journal of Pharmaceutics, 2005; 289: 1-2. 209-213.
doi:10.1016/j.ijpharm.2004.11.003

31.G. A. Castro, R. L. Orefice, J. M. Vilela, M. S. Andrade and L. A. Ferreira,
“Development of a New Solid Lipid Nanoparticle Formulation Containing Retinoic Acid
for Topical Treatment of Acne,” Journal of Microencapsulation, 2007; 24(5): 395-407.

WWW.Wjpls.org 373




Pawar. World Journal of Pharmaceutical and Life Sciences

32.

33.

34.

35.

36.

37.
38.

39.

40.

41.

42.

doi: 10.1080/02652040701288519

E. Esposito, E. Menegatti and R. Cortesi, “Ethosomes and Liposomes as Topical Vehicles
for Azelaic Acid: A Pre-formulation Study,” Journal of Cosmetic Science, 2004; 55(3):
253-264.

P. Karande and S. Mitragotri, “Enhancement of Trans-dermal Drug Delivery via
Synergistic Action of Chemicals,” Biochimica et Biophysica Acta, 2009; 1788(11):
2362-2373. doi:10.1016/j.bbamem.2009.08.015

R. D. Miclea, P. R. Varma, A. Peng and S. V. Balu Iyer, “Development and
Characterization of Lipidic Cochleate Containing Recombinant Factor VIIL,” Biochimica
et Biophysica Acta, 2007; 1768(11): 2890-2898.

doi:10.1016/j.bbamem.2007.08.001.

35.A. M. Sesana, R. Monti-Rocha, S. A. Vinhas, C. G. Morais and R. Dietze, “In Vitro
Activity of Amphotericin B Cochleates against Leishmania Chagasi,” Memorias do
Instituto Oswaldo Cruz, 2011; 106(2): 251- 253.

doi: 10.1590/S0074-02762011000200022

O. Perez, G. Bracho, M. Lastre, N. Mora and J. del Campo, “Novel Adjuvant Based on a
Proteoliposome- Derived Cochleate Structure Containing Native Lipopolysaccharide as a
Pathogen-Associated Molecular Pattern,” Immunology & Cell Biology, 2004; 82(6):
603-610. d0i:10.1111/j.1440-1711.2004.01293.x

Villiers A. Compt Rendu., 1891; 112: 536.

Eastburn SD, Tao BY. Applications of modified cyclodextrins. Biotechnol Adv., 1994;
12: 325-39.

Szetjli J. Introduction and general overview of cyclodextrin chemistry. Chem Rev., 1998;
98: 1743-53.

J. Manosroi, M. G. Apriyani, K. Foe and A. Manosroi, “Enhancement of the Release of
Azelaic Acid through the Synthetic Membranes by Inclusion Complex Formation with
Hydroxypropyl-beta-cyclodextrin,” International Journal of Pharmaceutics, 2005;
293(1-2) 235-240. doi:10.1016/j.ijpharm.2005.01.009

R. R. Arvizo, O. R. Miranda, D. F. Moyano, C. A. Walden and K. Giri, “Modulating
Pharmacokinetics, Tumor Uptake and Biodistribution by Engineered Nanoparticles,”
PLo0S One, 2011; 6(9): e24374. doi:10.1371/journal.pone.0024374

J. L. Arias, “Novel Strategies to Improve the Anticancer Action of 5-Fluorouracil by
Using Drug Delivery Systems,” Molecules, 2008; 13(10): 2340-2369.

doi: 10.3390/molecules13102340

WWW.Wjpls.org 374




Pawar. World Journal of Pharmaceutical and Life Sciences

43.S. K. Jain and N. K. Jain, “Multiparticulate Carriers for Sun-Screening Agents,”
International Journal of Cosmetic Science, 2010; 32(2): 89-98.
doi:10.1111/j.1468-2494.2010.00547.x

44. T. Fauce, “Exploring the Safety of Nanoparticles in Australian Sunscreens,” International
Journal of Biomedical Nanoscience and Nanotechnology, 2010; 1(1): 87-94.
d0i:10.1504/1JBNN.2010.034127

45. L. M. Kaminskas, B. J. Boyd and C. J. Porter, “Dendrimer Pharmacokinetics: The Effect
of Size, Structure and Surface Characteristics on ADME Properties,” Nanomedicine,
2011; 6(6): 1063-1084. doi:10.2217/nnm.11.67

46. A. R. Menjoge, R. M. Kannan and D. A. Tomalia, “Dendrimer-Based Drug and Imaging
Conjugates: Design Considerations for Nanomedical Applications,” Drug Discovery
Today, 2010; 15: 5-6, 171-185. doi:10.1016/j.drudis.2010.01.009

47.P. Singh, “Dendrimers and Their Applications in Immunoassays and Clinical
Diagnostics,” Biotechnology and Applied Biochemistry, 2007; 48(1): 1-9.

48. N. Vij, T. Min, R. Marasigan, C. N. Belcher and S. Mazur, “Development of PEGylated
PLGA Nanoparticle for Controlled and Sustained Drug Delivery in Cystic Fibro-sis,”
Journal of Nanobiotechnology, 2010; 8: 22. doi: 10.1186/1477-3155-8-22

49. N. Csaba, A. Sanchez and M. J. Alonso, “PLGA: Poloxamer and PLGA: Poloxamine
Blend Nanostructures as Carriers for Nasal Gene Delivery,” Journal of Controlled
Release, 2006; 113(2): 164-172. doi:10.1016/j.jconrel.2006.03.017

50. S. R. Little, D. M. Lynn, Q. Ge, D. G. Anderson and S. V. Puram, “Poly-Beta Amino
Ester-Containing Microparticles Enhance the Activity of Nonviral Genetic Vaccines,”
Proceedings of the National Academy of Sciences, 2004; 101(26): 9534-9539.
doi:10.1073/pnas.0403549101

51. D. Shenoy, S. Little, R. Langer and M. Amiji, “Poly (ethylene oxide)-Modified Poly
(beta-amino ester) Nanoparticles as a pH-Sensitive System for Tumor-Targeted Delivery
of Hydrophobic Drugs. 1. In Vitro Evaluations,” Molecular Pharmaceutics, 2005; 2(5):
357-366. doi: 10.1021/mp0500420.

WWW.Wjpls.org 375




