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Abstract

To obtain better therapeutic efficacy, nanotechnology based drug delivery
system has been showing its endless possibilities and eventually bringing
transformation in the perspective of upcoming medication system.
Precision in developing biomaterial maintaining proper physicochemical
properties and target specificity can unveil desired therapeutic outcome.
Nanotechnology based drug delivery system provides some novel
advantages like increased bioavailability, controlled drug delivery, target
specification and reduced toxicity. Different nanotechnology based
systems like liposomes, biodegradable nanoparticles and dendrimers are
becoming potential healer in drug delivery system.
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INTRODUCTION:

Nanotechnology is the science of material where
engineering and manufacturing take place at atomic
and molecular scale that give a range of 1-100nm size
in at least one direction24l. Nanoparticles used as drug
delivery system consist of biodegradable materials like
lipids, polymers or metals. They have the size of <100
nm in at least one dimension [Z8.. Nanotechnology is
becoming popular in terms of application in diverse
fields like agriculture, forensic science, textile and
electronics [2:131. Nanotechnology has its contribution in
medical therapeutics [1415]. Continuous efforts are being
made to overcome the dreadful diseases like diabetes,
cancer, AIDS through nanomedicinel16-18],
Biocompatible nanoparticles provide an excellent
example of transport and delivery process where either
attachment to the particle surface or integration to the
matrix is  possible.  They exhibit unique
physicochemical properties for optimum bioavailability
and target specification [21220],

Application of nanotechnology based drug delivery
system may add something new to the arsenal of
therapeutics for the fight against diseases with some
inevitable advantages like:

i)target specificity [21],

ii) increased bioavailability [22],

iii) reduced dosing (23],

iv) reduced toxicity [24],

v) concurrent evaluation of in-vivo efficacy of
therapeutics 23],

vi) visualization of drug delivery through integration of
imaging techniques [26l.

PROGRESSIVE WONDER INTO PRACTICE:

Meaning ‘dwarf according to the Greek derived word
‘nano’; nanotechnology has its great involvement in
terms of research and application to be exact.

It was none other than the American physicist Richard
P. Feynman(1965 Nobel Laureate in Physics) who
made the initial inspiration and later conceptual
foundation through his lecture ‘Plenty of Room at the
bottom’ in 1959 127, The idea of nanotechnology was
explored in depth further by K. Eric Drexler. In
succession, technological aspect was contributed by
him for its nano-sizing and devices [28].

Drug delivery through nanotechnology is one of the key
achievements where lipid vesicle was one to make the
initial footstep [29l. To continue with the endeavor,
attention was paid towards the exploration of feasible
alternative materials and systems. Different organic
and inorganic materials were developed for the
purpose. Complex situation of then like optimization to
pH change in order to trigger release of drug was a
success after first ever controlled release of polymer
system noted in 1976 [3031], The idea of long circulating
chromosome was generated later and named as ‘stealth

liposome’ [32l. It was necessary to increase the
circulation time for liposomes and polymeric
nanoparticles. Development of the use of polyethylene
glycol (PEG) was a successful one in this regard [331. As
a succession towards most advantageous efficacy, new
molecular entities (NME) are taken into consideration
which eventually can lead to advancement in
therapeutic perspective. These are found as
biologically active but suboptimal in pharmaceutical
perspective [234],

Biophysicochemical properties and targeting for
desired destination:

It is already evident that the development and
application of targeted drug delivery through properly
assembled biocompatible material along with the
optimization of physicochemical parameter can guide
towards effective implementation of nanotechnology
based drugs delivery system [3536l,

Properly designed biocompatible nanoparticles can be
used in targeted drug delivery which may result in
precision to a specific site and improved bioavailability
(37.38], Circulating half-life of nanoparticles and their
biodistribution rely on biophysical properties of drug-
vehicle. They are size, surface hydrophilicity, charge
and nature of the ligands on the surface along with
density [3240]. Figure-1 depicts the size and shape
dependence of nanoparticles.

Figure-1: Size and shape are important determining factors for
the efficacy of nanoparticles as delivery vehicles. The size
determines their movement in and out of the vasculature.
Shape determines the margination of particles to vessel wall.
Figure is adapted from (2]

Targeted delivery vehicle provides a mentionable aid
for the delivery of therapeutics with intracellular sites
of action. RNAI or antisense therapeutics is an example
for such issue.

Choice of therapeutic for targeted delivery hence plays
important role 4142l For the therapeutics that needs
intracellular delivery to obtain bioactivity, optimization
of ligand density can serve as a possible solution. This
optimization is done on drug delivery surface tissue
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and helps in balance between tissue penetration and
cellular uptake and ultimately provides therapeutic
efficacy [414344] . A comparative representation of
untargeted and targeted drug delivery systems is
shown in Figure-2.
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Figure-2: A simplified illustration of untargeted and targeted

drug delivery systems. Figure is adapted froml1]
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Figure-3: Type of biodegradable nanoparticles. They are
distinguished as nanocapsule and nanosphere based on the
structural organization. Drug molecules can be either surface
adsorbed or entrapped inside. Figure is adapted from [56l,

LIPOSOMES FOR DRUG DELIVERY:

Liposomes, previously mentioned as lipid vesicles were
among the first nanotechnology based drug delivery
systems reported in 1960s [29].

Liposomes are lipid vesicular systems. They are small
vesicles and can be obtained from natural non-toxic
phospholipid and cholesterol. Liposomes have aqueous
core enclosed by phospholipid bilayers. Hydrophilic
drugs can be encapsulated through the aqueous core.
Besides, within the phospholipid bilayers, hydrophobic
and amphiphilic drugs can be solubilized. Liposomes
can be distinguished in three different categories based
on the structure of the lipid bilayers. They are i) small

unilamellar vesicles (SUV) ii) large unilamellar vesicles
(LUV) and iii) multilamellar vesicles [MLVs) [22.45],
Modification on liposome surface can be done by
attaching polyethylene glycol (PEG)-units to the bilayer
(named as stealth liposomes) to develop their
circulation time in the bloodstream. Liposomes can
facilitate the increase of target-specific drug therapy as
they can be conjugated to antibodies or ligands [4647],
Some liposomes and their uses are mentioned in
tablel.

Liposome type Therapeutics Indication Reference

PEG-Liposome Topotecan+ Brain cancer 48]
Vincristine

PEG-Liposome siRNA + MDR-breast [49]

Doxorubicin cancer

Doxorubicin+ MDR-leukemia 150]

Verapamil

Transferrin- (Tf-)
Conjugated PEG-
Liposome

Table-1: Liposomes for drug delivery

BIODEGRADABLE NANOPARTICLES FOR DRUG
DELIVERY:

Biodegradable nanoparticles are considered as feasible
and promising approach for health and
biopharmaceutical industry. In terms of both
bioavailability and reduced toxic properties, they stand
as budding option. They are used recurrently for the
betterment of therapeutic value of different water
soluble and insoluble medicinal drugslstl.
Biodegradable nanoparticles can be classified based on
the structural organization. They are nanocapsule and
nanosphere. Drug molecules are either entrapped
inside or adsorbed on the surface [65253].Some
biodegradable nanoparticles used for drug delivery are
reported in table2.

Polymer Encapsullant  Therapeutic Target cells Reference
(Encapsulant  Improvement /Indications/
Efficiency) Functions

Poly-d,I- Taxol Slow release Cancer [6.16]

lactide- (100%) of the drug up
co- to 20 days
glycolide
(PLGA)
Polylactic ~ Haloperidol Slow release of ~ Schizophrenia/ 54
acid (30%) drug up to Antipsychotic
(PLA) 4 days
Poly- Docetaxel Higher malignant 55]
epsiv- (90%) antitumor melanoma
caprolact effect
one(PCL)
Chitosan Cyclosporin Achieving Inhibition of T-  [56]
A therapeutic cell activation;
(73%) concentration Nephrotic
in external syndrome,
ocular tissues Refractory
myasthenia
gravis

Table-2: Biodegradable nanoparticles for drug delivery
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Dendrimers for drug delivery:

With the advantage of the comparative easiness of
incorporation of targeting ligand, Dendrimers have
emerged as potential choice in drug delivery system
since its first discovery in early 1980s. Dendrimers are
highly branched macro molecular compound with
surface active groups [5238],

Dendrimers are small (<100 nm) monodisperse
symmetric macromolecules. They can be built from
ABn-type monomers with each layer around a small
molecule or in a linear polymer core using connectors
and branching unitsl5260. Dendrimers can be
synthesized in both ways- (divergent synthesis and
convergent synthesis) like as central core is the
initializing point and working out toward the periphery
or starting from the outermost residues that follows a
top-down approach [6L62],

Dendrimers have some very convincing unique
features. They have three different topological sites like
i) polyfunctional core ii) interior layers and iii)
multivalent surface. Having globular shape and internal
cavities, Dendrimers provide the possibility of
encapsulation of therapeutic agents within the
macromolecule interior and attachment to the surface
groups as welll6364l, Few examples of dendrimers in
drug delivery are mentioned in table3.

Dendrimers Drugs/ Target Reference
Therapeutics cells/Indications/

Functions

G3.5 PAMAM SN38 Hepatic colorectal [63]

Dendrimers cancer cell

Angiopep-carrying Plasmid pEGFP- Encode green [66]

PEGylated PAMAM N2 fluorescence

Dendrimers G5.0 protein

2,2 bis Doxorubicin Colon carcinoma [67]

[hydroxymethyl) cells of rat

propanoic acid

based Dendrimers

Tuftsin-conjugated Efavirenz HIV [68]

PPE dendrimers

Amino-terminated siRNA Lymphocytes [69]

carbosilane

Dendrimers

Table-3: Dendrimers for drug delivery

CONCLUSION:

Nanotechnology has revolutionized the health sector
including drug delivery system through its successive
evolution in a conquering manner. Maintaining
precision about the target and increasing
bioavailability, nanotechnology is emerging as a healer
for conventional therapeutics in drug delivery system.
Redefining the forecast of pharmaceutical practice is
the good news for the patients suffering from various
diseases. From laboratory research to clinical
application, nanotechnology can gift us with a novel
class of therapeutics unfolding great features with its
minute size.

REFERENCE:

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Suri, S. S.,; Fenniri, H.; Singh, B.: Nanotechnology-based
drug delivery systems. Journal of Occupational Medicine
and Toxicology2007, 2, 16.

Farokhzad, O. C.; Langer, R.: Impact of nanotechnology on
drug delivery. ACS nano2009, 3, 16-20.

Fissell, W.; Humes, H.; Fleischman, A.; Roy, S.: Dialysis and
nanotechnology: now, 10 years, or never? Blood
purification2006, 25, 12-17.

Roco, M. C.: Nanotechnology: convergence with modern
biology @ and  medicine. Current  Opinion  in
Biotechnology2003, 14, 337-346.

Tiyaboonchai, W.: Chitosan nanoparticles: a promising
system for drug delivery. Naresuan University
Journal2003, 11, 51-66.

Kumari, A.; Yadav, S. K; Yadav, S. C..: Biodegradable
polymeric nanoparticles based drug delivery systems.
Colloids and Surfaces B: Biointerfaces2010, 75, 1-18.
Stylios, G. K,; Giannoudis, P. V.; Wan, T.: Applications of
nanotechnologies in medical practice. Injury2005, 36, S6-
S13.

Pison, U.; Welte, T. Giersig, M., Groneberg, D. A.
Nanomedicine for respiratory diseases. European Journal
of Pharmacology2006, 533, 341-350.

Speiser, B.: Nano-particles in organic production? Issues
and opinions. 2008.

Perelshtein, I.; Applerot, G.; Perkas, N. Guibert, G.;
Mikhailov, S.; Gedanken, A.: Sonochemical coating of silver
nanoparticles on textile fabrics [nylon, polyester and
cotton] and their antibacterial activity.
Nanotechnology2008, 19, 245705.

Lai, F.; Wissing, S. A.; Miiller, R. H.; Fadda, A. M.: Artemisia
arborescens L essential oil-loaded solid lipid nanoparticles
for potential agricultural application: preparation and
characterization. Aaps Pharmscitech2006, 7, E10-E18.
Huang, D.; Liao, F.; Molesa, S.; Redinger, D.; Subramanian,
V.: Plastic-compatible low resistance printable gold
nanoparticle conductors for flexible electronics. Journal of
the electrochemical society2003, 150, G412-G417.

Choi, M. J.; McDonagh, A. M.; Maynard, P.; Roux, C.: Metal-
containing nanoparticles and nano-structured particles in
fingermark detection. Forensic science international2008,
179,87-97.

Bender, A. R;; Von Briesen, H.; Kreuter, ].; Duncan, 1. B.;
Riibsamen-Waigmann, H.: Efficiency of nanoparticles as a
carrier system for antiviral agents in human
immunodeficiency virus-infected human
monocytes/macrophages in vitro. Antimicrobial agents
and chemotherapy1996, 40, 1467-1471.

des Rieux, A.; Fievez, V.; Garinot, M.; Schneider, Y.-].; Préat,
V.: Nanoparticles as potential oral delivery systems of
proteins and vaccines: a mechanistic approach. Journal of
Controlled Release2006, 116, 1-27.

Mu, L.; Feng, S.: A novel controlled release formulation for
the anticancer drug paclitaxel [Taxol< sup>®</sup>]:
PLGA nanoparticles containing vitamin E TPGS. Journal of
controlled release2003, 86, 33-48.

Coester, C; Kreuter, ], Von Briesen, H,; Langer, K.:
Preparation of avidin-labelled gelatin nanoparticles as
carriers for biotinylated peptide nucleic acid [PNA].
International journal of pharmaceutics2000, 196, 147-149.
Damgg, C.; Maincent, P.; Ubrich, N.: Oral delivery of insulin
associated to polymeric nanoparticles in diabetic rats.
Journal of controlled release2007, 117, 163-170.
Yokoyama, M.: Drug targeting with nano-sized carrier
systems. Journal of Artificial Organs2005, 8, 77-84.

© Asian Journal of Biomedical and Pharmaceutical Sciences, all rights reserved. Volume 4, Issue 28, 2014 4



20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

Md. Moniruzzaman et al.: Asian Journal of Biomedical and Pharmaceutical Sciences; 4(28) 2014, 1-6.

Schétzlein, A. G.: Delivering cancer stem cell therapies-A
role for nanomedicines? European Journal of Cancer2006,
42,1309-1315.

Taghdisi, S. M.; Lavaee, P.; Ramezani, M., Abnous, K.:
Reversible targeting and controlled release delivery of
daunorubicin to cancer cells by aptamer-wrapped carbon
nanotubes. European Journal of Pharmaceutics and
Biopharmaceutics2011, 77, 200-206.

Goldberg, D. S. Vijayalakshmi, N.; Swaan, P. W,
Ghandehari, H.: G3. 5 PAMAM dendrimers enhance
transepithelial transport of SN38 while minimizing
gastrointestinal  toxicity.  Journal of  Controlled
Release2011, 150, 318-325.

Zhao, Y.; Lin, K.; Zhang, W.; Liu, L.: Quantum dots enhance
Cu2?+-induced hepatic LO2 cells toxicity. jJournal of
Environmental Sciences2010, 22, 1987-1992.

Blanzat, M. Turrin, C.-O.; Perez, E,; Rico-Lattes, I;
Caminade, A.-M.; Majoral, ].-P.: Phosphorus-containing
dendrimers bearing galactosylceramide analogs: Self-
assembly properties. Chemical Communications2002,
1864-1865.

Ferrari, M.: Cancer nanotechnology: opportunities and
challenges. Nature Reviews Cancer2005, 5,161-171.

Liong, M,; Ly, J; Kovochich, M,; Xia, T.; Ruehm, S. G.; Nel, A.
E; Tamanoi, F.,; Zink, ]J. 1. Multifunctional inorganic
nanoparticles for imaging, targeting, and drug delivery.
ACS nano2008, 2, 889-896.

Feynman, R. P.: There's plenty of room at the bottom.
Engineering and Science1960, 23, 22-36.

Drexler, K. E.: Molecular engineering: An approach to the
development of general capabilities for molecular
manipulation. Proceedings of the National Academy of
Sciences1981, 78, 5275-5278.

Bangham, A, Standish, M., Watkins, ].: Diffusion of
univalent ions across the lamellae of swollen
phospholipids. Journal of molecular biology1965, 13, 238-
IN27.

Yatvin, M.; Kreutz, W.; Horwitz, B.; Shinitzky, M.: pH-
sensitive liposomes: possible clinical implications.
Science1980, 210, 1253-1255.

Langer, R.; Folkman, J.: Polymers for the sustained release
of proteins and other macromolecules. 1976.

Allen, T.; Chonn, A.: Large unilamellar liposomes with low
uptake into the reticuloendothelial system. FEBS
letters1987,223, 42-46.

Gref, R.; Minamitake, Y.; Peracchia, M. T.; Trubetskoy, V.;
Torchilin, V,; Langer, R.: Biodegradable long-circulating
polymeric nanospheres. Science1994, 263, 1600-1603.
Paul, S. M.; Mytelka, D. S.; Dunwiddie, C. T.; Persinger, C.
C; Munos, B. H,; Lindborg, S. R.; Schacht, A. L.: How to
improve R&D productivity: the pharmaceutical industry's
grand challenge. Nature reviews Drug discovery2010, 9,
203-214.

Patil, Y. B; Toti, U. S.; Khdair, A.; Ma, L.; Panyam, ].: Single-
step surface functionalization of polymeric nanoparticles
for targeted drug delivery. Biomaterials2009, 30, 859-866.
Kim, B.-S.; Park, S. W.; Hammond, P. T.: Hydrogen-bonding
layer-by-layer-assembled  biodegradable polymeric
micelles as drug delivery vehicles from surfaces. Acs
Nano2008, 2,386-392.

Ould-Ouali, L.; Noppe, M.; Langlois, X.; Willems, B.; Te
Riele, P.; Timmerman, P.; Brewster, M. E.; Arién, A.; Préat,
V.: Self-assembling PEG-p [CL-co-TMC] copolymers for
oral delivery of poorly water-soluble drugs: a case study
with risperidone. journal of controlled release2005, 102,
657-668.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Kipp, J.: The role of solid nanoparticle technology in the
parenteral delivery of poorly water-soluble drugs.
International Journal of Pharmaceutics2004, 284, 109-122.
Gu, F,; Zhang, L.; Teply, B. A;; Mann, N.; Wang, A.; Radovic-
Moreno, A. F.; Langer, R; Farokhzad, O. C.. Precise
engineering of targeted nanoparticles by using self-
assembled biointegrated block copolymers. Proceedings of
the National Academy of Sciences2008, 105, 2586-2591.
Decuzzi, P. Pasqualini, R.; Arap, W.; Ferrari, M.
Intravascular delivery of particulate systems: does
geometry really matter? Pharmaceutical research2009, 26,
235-243.

Dreher, M. R,; Liu, W.; Michelich, C. R,; Dewhirst, M. W,;
Yuan, F,; Chilkoti, A.: Tumor vascular permeability,
accumulation, and penetration of macromolecular drug
carriers. Journal of the National Cancer Institute2006, 98,
335-344.

Panyam, ]; Labhasetwar, V.. Sustained cytoplasmic
delivery of drugs with intracellular receptors using
biodegradable nanoparticles. Molecular
pharmaceutics2004, 1, 77-84.

Pirollo, K. F.; Chang, E. H.: Does a targeting ligand influence
nanoparticle tumor localization or uptake? Trends in
biotechnology2008, 26,552-558.

Puri, A.; Kramer-Marek, G.; Campbell-Massa, R.; Yavlovich,
A.; Tele, S. C; Lee, S.-B; Clogston, J. D.; Patri, A. K;
Blumenthal, R. Capala, ].. HER2-specific affibody-
conjugated thermosensitive liposomes [Affisomes] for
improved delivery of anticancer agents. jJournal of
liposome research2008, 18, 293-307.

Gabizon, A, Goren, D.; Cohen, R, Barenholz, Y.
Development of liposomal anthracyclines: from basics to
clinical applications. Journal of controlled release1998, 53,
275-279.

Woodle, M. C.: Controlling liposome blood clearance by
surface-grafted polymers. Advanced drug delivery
reviews1998, 32, 139-152.

Lasic, D.; Vallner, ]; Working, P.: Sterically stabilized
liposomes in cancer therapy and gene delivery. Current
opinion in molecular therapeutics1999, 1,177-185.

Lee, S.-M.; O’Halloran, T. V.; Nguyen, S. T.: Polymer-caged
nanobins for  synergistic cisplatin- doxorubicin
combination chemotherapy. Journal of the American
Chemical Society2010, 132,17130-17138.

Chen, Y.; Bathula, S. R; Li, J; Huang, L.: Multifunctional
nanoparticles delivering small interfering RNA and
doxorubicin overcome drug resistance in cancer. Journal
of Biological Chemistry2010, 285, 22639-22650.

Song, X. R; Cai, Z,; Zheng, Y.; He, G.; Cui, F. Y,; Gong, D. Q.;
Hou, S. X,; Xiong, S. J.; Lei, X. J.; Wei, Y. Q.: Reversion of
multidrug resistance by co-encapsulation of vincristine
and verapamil in PLGA nanoparticles. European Journal of
Pharmaceutical Sciences2009, 37, 300-305.

Panyam, ].; Labhasetwar, V.: Biodegradable nanoparticles
for drug and gene delivery to cells and tissue. Advanced
drug delivery reviews2012.

Letchford, K; Burt, H.: A review of the formation and
classification = of  amphiphilic = block  copolymer
nanoparticulate  structures: micelles, nanospheres,
nanocapsules and polymersomes. European Journal of
Pharmaceutics and Biopharmaceutics2007, 65, 259-269.
Lakshmanan, V.-K,; Snima, K.,; Bumgardner, ]. D.; Nair, S. V.;
Jayakumar, R.: Chitosan-based nanoparticles in cancer
therapy. In Chitosan for Biomaterials I; Springer, 2011; pp
55-91.

Budhian, A.; Siegel, S. ], Winey, K. I.: Haloperidol-loaded
PLGA nanoparticles: systematic study of particle size and

© Asian Journal of Biomedical and Pharmaceutical Sciences, all rights reserved. Volume 4, Issue 28, 2014 5



Md. Moniruzzaman et al.: Asian Journal of Biomedical and Pharmaceutical Sciences; 4(28) 2014, 1-6.

drug content. International journal of pharmaceutics2007,
336,367-375.

55. Zheng, D.; Li, X;; Xu, H,; Lu, X,; Huy, Y.; Fan, W.: Study on
docetaxel-loaded nanoparticles with high antitumor
efficacy against malignant melanoma. Acta biochimica et
biophysica Sinica2009, 41, 578-587.

56. De Campos, A. M.; Sanchez, A.; Alonso, M. a. ].: Chitosan
nanoparticles: a new vehicle for the improvement of the
delivery of drugs to the ocular surface. Application to
cyclosporin A. International Journal of Pharmaceutics2001,
224,159-168.

57. du Toit, L. C; Pillay, V.; Choonara, Y. E.: Nano-microbicides:
Challenges in drug delivery, patient ethics and intellectual
property in the war against HIV/AIDS. Advanced drug
delivery reviews2010, 62, 532-546.

58. Tomalia, D.; Baker, H.; Dewald, ], Hall, M,; Kallos, G,
Martin, S.; Roeck, J.; Ryder, J.; Smith, P.: A new class of
polymers: starburst-dendritic macromolecules. Polym.
j1985,17,117-132.

59. Tomalia, D. A. Birth of a new macromolecular
architecture: dendrimers as quantized building blocks for
nanoscale synthetic organic chemistry. Aldrichimica
Acta2004, 37, 39-57.

60. Hawker, C.; Fréchet, J. M.: A new convergent approach to
monodisperse dendritic macromolecules. journal of the
Chemical Society, Chemical Communications1990, 1010-
1013.

61. Grayson, S. M.; Frechet, ]. M.: Convergent dendrons and
dendrimers: from synthesis to applications. Chemical
Reviews2001, 101, 3819-3868.

62. Aoi, K; Itoh, K; Okada, M.: Divergent/convergent joint
approach with a half-protected initiator core to synthesize
surface-block dendrimers. Macromolecules1997, 30, 8072-
8074.

63. De Jesus, O. P.; Ihre, H. R,; Gagne, L.; Frechet, ]. M.; Szoka,
F.: Polyester dendritic systems for drug delivery
applications: in vitro and in vivo evaluation. Bioconjugate
Chemistry2002, 13,453-461.

64. Dufes, C; Uchegbu, 1. F,; Schatzlein, A. G.: Dendrimers in
gene delivery. Advanced Drug Delivery Reviews2005, 57,
2177-2202.

65. Lee, C. C; Gillies, E. R.; Fox, M. E.; Guillaudeu, S. J.; Fréchet,
]J. M.; Dy, E. E; Szoka, F. C.: A single dose of doxorubicin-
functionalized bow-tie dendrimer cures mice bearing C-26
colon carcinomas. Proceedings of the National Academy of
Sciences2006, 103, 16649-16654.

66. Ke, W,; Shao, K.; Huang, R,; Han, L,; Liu, Y.; Lj, ].; Kuang, Y.;
Ye, L.; Lou, J.; Jiang, C.: Gene delivery targeted to the brain
using an Angiopep-conjugated polyethyleneglycol-
modified polyamidoamine dendrimer. Biomaterials2009,
30, 6976-6985.

67. Dembri, A,; Montisci, M.-].; Gantier, J. C; Chacun, H.;
Ponchel, G.. Targeting of 3'-azido 3’-deoxythymidine
[AZT]-loaded poly [isohexylcyanoacrylate] nanospheres to
the gastrointestinal mucosa and associated lymphoid
tissues. Pharmaceutical research2001, 18,467-473.

68. Dutta, T, Garg, M. Jain, N. K.: Targeting of efavirenz
loaded tuftsin conjugated poly [propyleneimine]
dendrimers to HIV infected macrophages in vitro
European journal of pharmaceutical sciences2008, 34, 181-
189.

69. Weber, N,; Ortega, P; Clemente, M. I; Shcharbin, D;
Bryszewska, M. de la Mata, F. ], Gémez, R,; Muifioz-
Fernandez, M.: Characterization of carbosilane
dendrimers as effective carriers of siRNA to HIV-infected
lymphocytes. Journal of Controlled Release2008, 132, 55-
64.

© Asian Journal of Biomedical and Pharmaceutical Sciences, all rights reserved. Volume 4, Issue 28, 2014



