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Engineered Nanoparticles as Precise
Drug Delivery Systems
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Abstract With the remarkable development of nanotechnology in recent years, new drug delivery approaches
based on the state-of-the-art nanotechnology have been receiving significant attention. Nanoparticles, an evolvement of
nanotechnology, are increasingly considered as a potential candidate to carry therapeutic agents safely into a targeted
compartment in an organ, particular tissue or cell. These particles are colloidal structures with a diameter smaller than
1,000 nm, and therefore can penetrate through diminutive capillaries into the cell’s internal machinery. This innovative
delivery techniquemight be a promising technology to meet the current challenges in drug delivery.When loaded with a
gene or drug agent, nanoparticles can become nanopills, which can effectively treat problematical diseases such as
cancer. This article summarizes different types of nanoparticles drug delivery systems under investigation and their
prospective therapeutic applications. Also, this article presents a closer look at the advances, current challenges, and
future direction of nanoparticles drug delivery systems. J. Cell. Biochem. 97: 1184–1190, 2006. � 2006 Wiley-Liss, Inc.
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Precise drug release into highly specified
targets involves miniaturizing the delivery
systems to become much smaller than their
targets. It is highly expected that theseminute
drug delivery systems can be realized thro-
ugh the advances in nano-biotechnology. The
integration of nanotechnology products, such
asnanoparticles with therapeutic agents,
has recently created a new therapeutic trend
that would not otherwise be possible. Nano-
particles can be defined as colloidal sys-
tems with a diameter smaller than 1,000 nm
[Brigger et al., 2002]. Recently, many ther-
apeutic agents including small molecules,
proteins, DNA, and peptides have been devel-
oped into potent and complex agents. Using

traditional drug delivery approaches, includ-
ing the oral and injection methods, to treat
diseases with these agents could be useless
and toxic [Davis and Illum, 1998]. In the
common oral doses, these agents are often
destroyed during intestinal transit or inade-
quately absorbed and therefore become inef-
fective. Moreover, the uncontrolled level of
these agents could cause concentration spikes,
thereby harming the body. However, attach-
ing these small therapeutic agents to nano-
particles may circumvent most of these
delivery challenges and produce smart pills.
Nanoparticles drug delivery systems, due to
their diminutive size, can penetrate across
barriers through small capillaries into indivi-
dual cells to allow efficient drug accumulation
at the targeted locations in the body [Unezaki
et al., 1996;Hobbs et al., 1998]. By doing so, the
therapeutic agent toxicity is reduced, the drug
side effects are decreased and the treatment
efficacy is enhanced. Also, therapeutic agents
can be loaded into nanoparticles that are not
identified by the immune system. This stealth
mode makes them potential candidates to
carry antiviral drugs to selectively target
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human immunodeficiency virus (HIV)-infec-
ted cells [Schafer et al., 1992].
Nanoparticles have been realized using a

number of materials including polymers,
metals, and ceramics. Based on their manufac-
turingmethod andmaterial, these particles can
take various shapes and sizes with distinct
properties. In this paper, nanoparticles are
classified based on their materials and briefly
presented with some of their potential applica-
tions as drug delivery vehicles. The paper also
highlights the recent progress and the chal-
lenges that these novel nanoscale delivery
systems undergo.

NANOPARTICLES DRUG DELIVERY SYSTEMS

Many types of nanoparticles drug delivery
systems are in various stages of investigation.
These particles have been fabricated from
various materials with unique architectures to
serve as a possible drug vehicle to treat a
particular disease. Most of the current research
is mainly focusing on using nanoparticles as
drug delivery carriers for challenging, in most
cases, lifelong diseases such as cancer, HIV, and
diabetes (Table I). The current therapy for these
diseases can be ineffective andmost of the cases
suffer death.Using nanoparticles to carry drugs
securely to the infected locations could be a
useful tool to fight these diseases. For example,
to deliver anticancer therapeutic agents to
cancer cells, anticancer drugs must conquer
the resistance to the drug at the organ, tissue,
and/or cellular level [Brigger et al., 2002]. Also,
because anticancer drugs tend to disperse to the
entire body destroying both the cancer and the
normal cells, traditional chemotherapy in some
cases might not be successful. Targeting cancer
cells using nanoparticles loaded with antic-
ancer agents is a promising tactic that could
meet these challenges.
Vaccination against problematic diseases is

yet another area of investigation that is being
optimistically affected by the development of
nanoparticles. A recent study by Cui et al.
[2005] has reported a novel cancer vaccine
delivery system using nanoparticles. Liposome
polycation pDNA (LPD) nanoparticles were
utilized to carry a strong peptide antigen to
immunize mice. This immunization method
seems to be more effective than using tradi-
tional vaccines, which exploit either live atte-
nuated or killed bacteria or viruses. Thepotency

of the new vaccines including peptides, pro-
teins, and DNA is attractive. However, to
maintain the in vivo potency of these vaccines,
a delivery system and/or adjuvant is frequently
essential [Plotkin, 2003]. The nanoparticles
vaccine delivery system offers a platform to
enhance the in vivo potency of the next genera-
tion vaccines.

The real thrust of the current therapy for the
puzzling diseases is in the direction of develop-
ing new powerful drugs. The next generation of
drugs will involve more complex biological or
chemical entities and gene therapy. The solubi-
lity, in vivo stability, intestinal absorption,
route of administration and targeting, effective-
ness, and/or the side effects of these new drugs
are among the challenges that push researchers
toward exploring a new drug delivery strategy.
Engineered hybrid nanoparticles systems have
been proposed as an alternative approach to
tackle these challenges (Table I). Yet, the
hybridization of these nanoparticles to a fully
functioning therapy is still in the early stages.
Drugs can be loaded into nanoparticles via
encapsulation, surface attachment, or entrap-
ping. The nanoparticles architecture and mate-
rial, drug type, and targeted location can
determine the attachment technique.

RECENT DEVELOPMENT
IN NANOPARTICLES ENGINEERING

Sahoo and Labhasetwar [2003] and Hughes
[2005] dedicated their reviews to the details of
nanoparticles architecture, fabrication, and
drug attachment methods. Generally, nanopar-
ticles have been realized in polymers, ceramics,
metals, and biological materials with various
forms. Nanoparticles might take spherical,
branched, or shell structures. Each structure
offers unique characteristics that make it a
suitable drug delivery candidate for a particular
therapy.

Polymeric Nanoparticles

Significant research has been devoted to
investigating a number of polymeric types of
nanoparticles, particularly biodegradable poly-
mers [Raghuvanshi et al., 2001; Kreuter et al.,
2003]. These particles can be fabricated in a
wide range of sizes and varieties. In addition to
the steady drug release for weeks, biodegrad-
able nanoparticles do not accumulate in the
body; as a result, they have drawn considerable
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attention. Earlier reviews [Soppimath et al.,
2001; Panyam and Labhasetwar, 2003] were
dedicated to biodegradable nanoparticles pre-
paration methods, drug loading, and their
potential use in drug delivery systems. Biode-
gradable nanoparticles have the ability to carry
various therapeutic agents including DNA,
proteins, peptides, and low molecular weight
compounds. Furthermore, these particles
recently have been synthesized to be sensitive
to the level of acidity in their environment
[Herffernan and Murthy, 2005]. Consequently,
polymeric nanoparticles can be possible drug
carriers for a diverse number of pharmacologi-
cal therapies for various types of tumors,
diabetes, bone healing, and vaccination.
Polymeric micelles are another form of non-

biodegradable nanoscale polymeric structures.
These nanostructures are physiologically stable
in biological environment, and thus can deliver
drugs securely to the targeted location.Further-
more, the ability to engineer their hydrophobic
segments makes them an appealing system to
deliver water-insoluble drugs. A review com-
plied by Panyam and Labhasetwar [2003]
reveals that polymeric micelles can be an
effective candidate to deliver drugs for fight-
ing solid tumors. Because of their small size
(<100 nm) and the flexibility to engineer
their drug/nanoparticle attachment, polymeric
micelles can effectively target solid tumors and
destroy only the cancer cells.

Ceramics Nanoparticles

Ceramic nanoparticles are inorganic systems
with porous characteristics. Because these
particles can be easily engineered with the
desired size and porosity, growing interest has
recently emerged to utilize ceramic nanoparti-
cles as drug vehicles. Most of this research has
been exploring typical biocompatible ceramic
nanoparticles such as silica, titania, alumina,
etc. in cancer therapy. A study by Roy et al.
[2003a,b] reveals that silica-based doped nano-
particles can be an achievable drug delivery
tactic in the photodynamic therapy to fight
cancer. A recent study by Dey [2005] sug-
gests that, because of their physiological stabi-
lity, hybridizing ceramic nanoparticles with
DNA offers a potential therapy to target liver
cancer cells. In a different investigation of
ceramic nanoparticles, insulin has been
entrapped in hydroxyapatite nanoparticles
[Paul and Sharma, 2001]. The insulin release

profile shows promising results for orally
administered insulin instead of repeatable
injections.

Metal Nanoparticles

Metal nanoparticles can be synthesized in
extremely small sizes (<50 nm), therefore their
large surface area has the ability to carry a
relatively high drug dose. Functionalizing the
surface of conventional nanoparticles metals
like gold or silver to carry drugs is under
investigation. Recent research by Priyabrata
et al. [2005] reveals that gold nanoparticles can
be functionalized into a composite system to
carry both an anti-angiogenic (angiogenesis is
the growth of blood vessels needed to support
the growth of tumor cells) and anticancer agent
in one gold nanoparticle. By doing so, the
tumor’s cells can be destroyed at the same time
the survival of other possible tumors can be
prevented. In a different study, the use of metal
nanoshells to encapsulate drugs inside their
hollow core is being explored [Sun et al., 2002].
In this method, metal nanoparticles release
their drug into the targeted location using an
external exciting source like an infrared light or
a magnetic field.

Liposomes

Liposomes are small spherical systems that
are synthesized from cholesterol and non-toxic
phospholipids. Liposomes can be engineered to
possess different characteristics depending
upon the lipid of choice in the production
process. Because they are natural materials,
liposomes are considered attractive, harmless
drug delivery carriers that can circulate in the
blood stream for a long time. A recent review
indicates that liposomes are being investigated
to carry anticancer drugs using various encap-
sulating technologies [Hofheinz et al., 2005].
Liposomes that carry anticancer drugs can
sustain a long releasing process targeting the
cancer cells without harming the normal cells.

Other Nanostructures

Dendrimers are emerging as a rather new
class of polymeric nanosystems with applica-
tions in drug delivery. These systems are built
from a series of branches around an inner core,
providing products of different generations, and
offer intriguing possibilities in this regard.
They can be synthesized from almost any
core molecule and the branches similarly
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constructed from any bi-functional molecule.
The distinctive architecture (star-shaped) of
dendrimers has attracted interest in loading
drug molecules in either the interior of the
dendrimers or attached to the surface groups. In
a recent in vivo study, dendrimic polymers
(<5 nm) have been loaded with an anticancer
drug to selectively target tumor cells [Latallo
et al., 2005]. This promising in vivo study was
performed on mice using anticancer conjugated
polyamidoamine (PAMAM) dendrimers.

Carbon nanotubes are extremely small tubes
with either a single or multi wall carbon
structure. The exclusive structures of these tiny
tubes make them an appealing candidate to
encapsulate drugs inside their cavities. At the
present, these nanotubes are still under wide-
spread investigation in laboratories. However,
the toxicity of these carbon-based tubes is of
concern, particularly if they circulate in the
blood stream or accumulate in the targeted
tissue.

OVERALL SUMMARY

Although significant effort has been devoted
to develop ananoparticles drugdelivery system,
to the knowledge of the authors a fully function-
ing therapy based on a nanoparticles delivery
system is not yet in use. Nanoparticles drug
delivery systems are mainly proposed as an
alternative to sustain the effectiveness of newly
developed drugs, which are potent and complex.
To accomplish the desired goals of this innova-
tive system, further clinical trials need to be
done. These trials are the key to the realization
and success of the next generation of therapy.

New nanoparticles structures and materials
are continuously being reported and newmeth-
ods of encapsulation are being developed. With
these dedicated efforts, it seems that the
synergic future of a nanoparticles delivery
system holds substantial promise. Enginee-
ring drug/nanoparticle loading, controlling
the drug release profile, and guiding nanopar-
ticles systems to the desired target are among
other challenges that are currently being
evaluated. An important concern regarding the
use of non-biodegradable nanoparticles is their
accumulation in the body. Their high level of
accumulation might reach a harmful boundary,
and thus cause undesirable side effects. There-
fore, in vivo toxicological studies are needed at
this stage.

The future vision of nanoparticles drug
delivery systems is to develop a self-actuated
therapy through localized medical implants.
Yih et al. [2002, 2005a,b,c] have been develop-
ing bio-micro electro mechanical (BioMEMS)
micropumps for controlled localized drug deliv-
ery systems such as hydrogel nanoparticles.
These systems, when implanted, will be able to
determine the necessary dose via sensory
systems. The implants are normally designed
to operate for a long period of time, possibly
months. The stability and usefulness of nano-
particles delivery systems might be influenced
by time. Thus, further studies are essential to
evaluate their efficacy over time when encapsu-
lated and stored.

ACKNOWLEDGMENTS

The authors gratefully acknowledge the
research and financial support provided to the
Nanosystems & Bio-Electromechanical Sys-
tems Research Laboratory by the University of
Texas at San Antonio.

REFERENCES

Al Khouri N, Roblot L, Fessi H, Devissaguet P, Puisieneux
F. 1986. Development of a new process for the manu-
facture of polysiobutylcyanoacrylate nanoencapsules. Int
J Pharm 28:125–132.

Boas U, Heegaard M. 2004. Dendrimers in drug research.
Chem Soc Rev 33(1):43–63.

Brigger I, Dubernet C, Couvreur P. 2002. Nanoparticles in
cancer therapy and diagnosis. Adv Drug Deliv Rev
54:631–651.

Chen Z, Cooper L. 2002. Interactions between dendrimer
biocides and bacterial membranes. Biomat 23(16):3359–
3368.

Cherian K, Rana C, Jian K. 2000. Self-assembled carbohy-
drate-stabilized ceramic nanoparticles for parenteral
delivery of insulin. Drug Dev Ind Pharm 26(4):459–463.

Cohen H, Levy R, Gao J, Fishben I, Kousaev X, Sosnoski S,
Slomkowski S. 2000. Sustained delivery and expression
of DNA encapsulated in polymeric nanoparticles. Gen
Thr 7:1896–1905.

Cui Z, Han S, Padinjarae D, Huang L. 2005. Immunsoti-
mulation mechanism of LPD nanoparticles as a vaccine
carrier. Mol Pharmaceut 2(1):22–28.

Davis S, Illum L. 1998. Drug delivery systems challenging
molecules. Inter J of Pharm 176:1–8.

Dey S. 2005. Inorganic biohybrid nanoparticles for targeted
drug delivery. Proc. 6th Anul. Cambridge Health Insti-
tute.

Goren D, Horowitz T, Zalipsky S, Woodle C, Yarden Y,
Gabizon A. 1996. Targeting of Stealth liposomes to erbB-
2 (Her/2) receptor: In vitro and in vivo studies. Br J
Cancer 74:1749–1756.

Guzman L, Labhasetwar V, Song C, Jang Y, Lincoff M,
Levy R, Topol E. 1996. Local intraluminal infusion of

1188 Yih and Al-Fandi



biodegradable polymeric nanoparticles. A novel approach
for prolonged drug delivery after balloon angioplasty.
Circulation 94:1441–1448.

Herffernan M, Murthy N. 2005. Polyketal nanoparticles: A
new pH-sensitive biodegradable drug delivery vehicle.
Bioconj Chem ASAP Article.

Hobbs K, Monsky W, Yuan F, Roberts W, Griffith L,
Torchilin P, Jain R. 1998. Regulation of transport
pathways in tumor vessels: Role of tumor type and mi-
croenvironment. Proc Natl Acad Sci USA 95:4607–4612.

Hofheinz D, Gnad-Vogt U, Beyer U, Hochhaus A. 2005.
Liposomal encapsulated anti-cancer drugs. Anticancer
Drugs 16(7):691–707.

Hughes G. 2005. Nanostructure-mediated drug delivery.
Nanomedicine 1(1):22–30.

Kataoka K, Harada A, Nagasaki Y. 2001. Block copolymer
micelles for drug delivery: Design, characterization
and biological significance. Adv Drug Dev Rev 47:113–
131.

Kobayashi H, Kawamoto S, Saga T, Sato N, Ishimori T,
Konishi J, Ono K, Togashi K, Brechbiel M. 2001. Avidin-
dendrimer-(1B4M-Gd)254: A tumor-targeting therapeutic
agent for gadolinium neutron capture therapy of intra-
peritoneal disseminated tumor which can be monitored
by MRI. Bioconjugate Chem 12(4):587–593.

Kreuter J, Ramge P, Petrov V, Hamm S, Alyautdin R,
Briesen H, Begley D. 2003. Direct evidence that poly-
sorbate-80-coated poly(butylcyanoacrylate) nanoparti-
cles deliver drugs to CNS via specific mechanisms
requiring prior binding of drug to the nanoparticles.
Pharm Res 20:409–416.

Labhasetwar V, Bonado J, Goldstin L. 1999. Gene transfec-
tion using biodegradable nanospheres: Results in tissue
culture and rat osteotomy model. Coll Surf B: Bioinfor-
matics 16:281–290.

Lamprecht A, Ubrich N, Yamamoto H, Schafer U, Takeuchi
H, Maincent P, Kawashima Y, Lehr CM. 2001. Biode-
gradable nanoparticles for targeted delivery in treatment
of inflammatory bowl disease. J Pharmacol Exp Ther
299:775–781.

Lasic D, Vallner J, Working K. 1999. Sterically stabilized
liposomes in cancer therapy and gene delivery. Curr Opin
Mol Ther 1(2):177–185.

Latallo J, Candido K, Cao Z, Nigavekar S, Majoros I,
Thomas T, Baglogh L, Khan M, Baker J. 2005. Nano-
particles targeting of anticancer drug improves thera-
peutic response in animal model of human epithelial
cancer. Cancer Res 65(12):5317–5324.

Olivier J, Fenart L, Chauvet R, Pariat C, Cecchelli R, Couet
W. 1999. Indirect evidence that drug brain targeting
using Doxorupolysorbate 80-coated polybutylcyanoacry-
late nanoparticles is related to toxicity. Pharm Res
16:1836–1842.

Panyam J, Labhasetwar V. 2003. Biodegradable nanopar-
ticles for drug delivery gene delivery to cells and tissue.
Adv Drug Deliv Rev 55:329–347.

Panyam J, Lof J, O’Leary E, Labhasetwar V. 2002.
Efficiency of dispatch and infiltration cardiac infusion
catheters in arterial localization of nanoparticles in
porcine coronary model restenosis. J Drug Target
10:515–523.

Paul W, Sharma C. 2001. Porous hydroxyapatite nanopar-
ticles for intestinal delivery insulin. Trends Biom Artif
Organs 14(2):37–38.

Plotkin A. 2003. Vaccines, vaccination, and vaccinology.
J Inffect Dis 187(9):1349–1359.

Priyabrata M, Resham B, Debabrata M. 2005. Gold
nanoparticles bearing functional anti-cancer drug and
anti-angiogenic agent: A ‘‘2 in 1’’ system with potential
application in therapeutics. J Biomd Nanotech 1(2):224–
228.

Quintana A, Raczka E, Piehler L, Lee I, Myc A, Majoros I,
Patri A, Thomas T, Mule J, Baker J. 2002. Design and
function of a dendrimer-based therapeutic nanodevice
targeted to tumor cells through the folate receptor. Phar
Res 19(9):1310–1316.

Raghuvanshi R, Mistra A, Talwar G, Levy R, Labhasetwar
V. 2001. Enhanced immune response with combination of
alum and biodegradable nanoparticles containing teta-
nus toxoid. J Micoencapsul 18:723–732.

Rao M, Alving R. 2000. Delivery of lipids and liposomal
proteins to the cytoplasm andGolgi of antigen-presenting
cells. Adv Drug Deliv Rev 41:171–188.

Rapoport N, Pitt G, SunH, Nelson L. 2003. Drug delivery in
polymeric micelles: From in vitro to in vivo. J Control
Release 91:85–95.

Rojo J, Delgado R. 2004. Glycodendritic structures: Promis-
ing new antiviral drugs. J Antimicrob Chemo 54(3):579–
582.

Roy I, Mitra S, Maitra A, Mozumdar S. 2003a. Calcium
phosphate nanoparticles as novel non-viral vectors for
targeted gene delivery. Int J Pharm 250:25–33.

Roy I, Ohulchanskyy T, Pudavar H, Bergey E, Oseroff A,
Morgan J, Dougherty T, Prasad P. 2003b. Ceramic-based
nanoparticles entrapping water-insoluble photosensitiz-
ing anticancer drugs: A novel drug-carrier system for
photodynamic therapy. J Am Chem Soc 125:7860–7865.

Sahoo S, Labhasetwar V. 2003. Nanotech approaches to
drug delivery and image. Res Focus Rev 8(24):1112–
1120.

Schafer V, Briesen H, Andereesen R, Steffan A, Royer C,
Troster S, Kreuter J, Waimann H. 1992. Phagocytosis of
nanoparticles by human immunodeficiency virus (HIV)-
infected macrograph: A possibility for antiviral drug
targeting. Pharm Research 9(4):541–546.

Slepushkin A, Salem I, Andreev M, Dazin P, Duzgunes N.
1996. Targeting of liposomes to HIV-1-infected cells by
peptides derived from the CD4 receptor. Biochem
Biophys Res Commun 227:827–833.

Soppimath S, Amminabhavi M, Kulkarni R, Rudzinski E.
2001. Biodegradable polymeric nanoparticles as drug
delivery devices. J Contrl Release 70:1–20.

Sun Y, Mayers T, Xia Y. 2002. Template-engaged replace-
ment reaction: A one-step approach to large scale
synthesis of metal nanostructure with hollow interior.
Nano Lett 2:481–485.

Unezaki S, Maruyama K, Hosoda J, Nagae I, Koyanagi Y,
Nakata M, Ishida O, Iwatsuru M, Tsuchiya S. 1996.
Direct measurement of the extravasation of polyethyle-
neglycol-coated liposomes into solid tumor tissue by in
vivo fluorescence microscopy. Int J Pharm 144:11–17.

Versluis J, Rump T, Rensen C, Van Berkel J, Bijsterbosch
K. 1998. Synthesis of a lipophilic daunorubicin derivative
and its incorporation into lipidic carriers developed for
LDL receptormediated tumor therapy. Pharm Res
15:531–537.

Wang S, Gao R, Zhou F, Selke M. 2004. Nanoma-
terials and single oxygen photosensitizers: Potential

Engineered Nanoparticles 1189



applications in photodynamic therapy. J Mat Chem
14:487–493.

Watnasirichailkul S, Davis M, Rades T, Tucker G. 2000.
Preparation of biodegradable insulin nanocapsulates
from biocompatible microemulsions. Pharm Res 17:
684–689.

WitvrouwM, Fikkert V, Pluymers W, Matthews M, Mardel
K, Schols K, Raff J, Debyser Z, Clercq E, Holan G,
Pannecouque C. 2000. Polyanionic (i.e polysulfonate)
dendrimers can inhibit the replication of human immu-
nodeficiency virus by interfering with both virus adsorp-
tion and later steps (reverse transcriptase/integrase) in
virus replicative cycle. Molecular Pharmacology 58:
1100–1108.

Yih T, Brunson W, Wordinger J, Hu Z, Chen R. 2002.
Development of micro-pump for localized delivery of con-
trolled drug release hydrogel nanoparticles to improve
cancer and glaucoma treatment. NanoTech.

Yih T. 2005a. Application of nanotechnology to drug deli-
very systems. Nanomedicine: Nanotech Biol Med 1(3):
244–245.

Yih T, Wei C. 2005b. Nanomedicine in cancer treatment.
Nanomedicine: Nanotech Biol Med 1(2):191–192.

Yih T, Wei C, Hammad B. 2005c. Modeling and character-
ization of nano-liter drug delivery MEMS micropump
with circular bossed membrane. Nanomedicine: Nano-
tech Biol Med 1(2):164–175.

YokoyamaM,MiyauchiM, YamadaN, Okano T, Sakurai Y,
Kataoka K, Lnoue S. 1990. Polymer micelles as novel
drug carrier: Adriamycin-conjugated poly(ethylene gly-
col)–poly(aspartic acid) block copolymer. J Controlled
Release 11:269–278.

Yu G, Okano T, Kataoka K, Kwon G. 1998. Polymeric
micelles for drug delivery: Solubilization and haemolytic
activity of amphotericin B. J Control Release 53:131–
136.

1190 Yih and Al-Fandi


