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ABSTRACT

Nanotechnology has great benefits in the area afriplaceutical researches and applications. It isdute create
small features on software’s and computers chips l&st 25 years. The major principal that makes the
nanomaterial differ from other material are the anlbed surface area and quantum effects; so thaptbperties
like strength, reactivity, electrical behaviour etre enhanced. While the quantum effects affextnthgnetic,
optical and electrical behaviour of materials. Imetpharmaceutical area nanotechnology has beenlyvigsed for
the targeting drug delivery. Recently the develapén nanotechnology have shown that nanomatehaise a
great potential as drug carriers. Their small sizemke them physiologically and biologically, a fakable
material for biomedical applications. The presehidy reviews some of the recent biomedical apptioat of
nanotechnology.
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INTRODUCTION

In 1974, the term “Nanotechnology” was used for finst time by Norio Taniguchi, who was the scishtat
University of Tokyo [1]. One nanometre is equivalém one-billionth of a meter, which is, Tom. According to
National Nanotechnology Initiative (NNI) definitiomano-materials have the size range from 1- 100mat least
one dimension, but the prefix “nano” is used fortenals that are up to several hundred nanometregze range.
The nanoscale materials also occur in natural wideednanosized proteins which regulate the bialabactivities
of body like energy production, muscles flexing amdlular repairing functions etc.Nanosized materissed for
biomedical field should have low toxicity profile@ biocompatibility. Their undesirable effects nigidepends
upon their size range, amount, shapes, route ofréstnation, their surface chemistry, residenceetim blood and
the reaction of immune system [2].

Now a days many nanosystems are used in the mdaithlfor the drug delivery like liposomes, nandpdes,

SLN (solid lipid nanoparticles), dendrimers, hydetsg etc. Polymeric nanoparticles are widely used tfe

controlled and targeted delivery of drugs. These atient friendly system of drug delivery as thssl frequent
application of dose and more retention time ofdhag in the biological system. The main goal of oraaterial in

drug delivery system is to maintain the therapeatitount of drug at the targeted site in the body mmaintain

desired amount of drug in bloodstream. However sofitbe major key points which have to be kept indrbefore

drug delivery are the type of carrier used, theeamf administration, the target of drug delivendahe strategy
designed to enhance therapeutic efficacy of dringsé are the factors which can reduce the undésieffiects of
the active pharmaceutical entity [1].
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Drug CarriersUsed in Nanotechnology:

There are several nanoscale materials which cartiloeed for the targated and controlled delivefydougs in the
biological systems with very less undesirable affedNanoparticles, liposomes, hydrogels, nanosisipes,
nanoemulsions, nanospheres, SLNs etc. are the majarcarriers used for the delivery of drugs air tteggeted
site in the body (Table 1). Liposomes are lipidieles containing aqueous core which have been widséd in
ocular delivery for various drug molecules. Thosagd which have poor solubility, low partition cheient, poor
absorption and having high molecular weight arévdetd by this method. The particle size of theasuspensions
lies between 200 and 600 nm which is less thanmigeon [3]. Nanosuspension is preferred for the poumds
which have high partition coefficient (log P) valuesoluble in water, but soluble in oil, havingthidoses and high
melting point.

The uniform particle size is key factor for thebslity of the nanosuspensions. Nanaosuspensionpedormulated
for drugs which are insoluble in both aqueous amgmic solvents.Drugs which are hydrophobic in retan also
be formulated as nanosuspensions such as clofagpmaproxen,mitotane, amphotericin B, omeprazolé an
spironolactone [4].

Table 1. Applications of different types of nanocarriers

Nanocarriers Applications

1. Liposomes Neurosonography, antiarthrites andamter drug delivery [5]

Ocular drug delivery, gene delivery, drug delivefypoor water soluble drug, enhancing residence tfrdrugs

2. Nanoparticles having short half-lives [6]

Used formanufacturing contact lenses, hygiene misdtissue engineering scaffolds, drug delivesteys and

3. Hydrogels wound dressings [7]

Used for protein drug delivery, antimicrobial anttieancer drug delivery, ocular and gene drug déejivused

4. Dendrimers in Magnetic Resonance Imagine for diagnosis purfiise

Used for CNS drug delivery, for topical drug defiyeused in cosmetics mainly sunscreen cream&rpymes

5. Solid Lipid Nanoparticles encapsulation, for tuberculosis chemotherapy [9]

Polymersused for nanomaterials preparation:

Nanoparticles comprise of various biodegradablaan-biodegradable polymers, lipids, phospholipidsnetals.
These are prepared by different bio-adhesive palgrilee chitosan, PEG, PLGA etc. These polymersané the
residence time of drug in the body and lead toebditoavailability of drug than the conventionaudrdelivery
methods (10).Various types of polymers are beingdu®r the preparation of polymeric nanocarriens of
which are naturally occurring and others are syithgolymers. For the selection of polymer to bedidor
nanomaterial preparation, some points should bet kepmind such as nontoxicity, biocompatibility and
biodegradability of the polymers.

Following is the list of polymers commonly used falymeric nanocarriers preparation:

Natural Polymers :- Chitosan, Albumin, Sodium alginate, Gelatin, Clelbe ether, Xanthan gum, Scleroglucan,
Gum Arabica, Tamarind seed polysaccharide, Loceahlgum (Table 2).

Table 2. Applications of natural polymers

POLYMERS APPLICATIONS
1. Chitosan For treatment of high cholesterol, @sbeosis, obesity, Crohn’s disease, acne [11]
2. Alginate thickening agent, gelling agent, enfidsi stabilizer, Textile Printing disintegrater istre [12]
3. Albumin Breast cancer surgery, nanoparticulabe delivery [13]
4. Gelatin Brittle bone_s (qsteoporpsis). Strengthenjng bonels_jm‘nts.
) Strengthening fingernails. Improving hair qualityeight loss [14]
5. Cellulose ether coatings, inks, binders, colgdeielease drug tablets [15]
6. Tamarind Seed Polysaccharidestabiliser, thickener, binder, release retardangifier, emulsifying agent [16]

Synthetic Polymers :-Polylactides(PLA), Polyglycolides(PGA), Poly(laatid co-glycolides) (PLGA),
Polyanhydrides, Polyorthoesters, PolycyanoacrylaRslycaprolactone, Poly glutamic acid, Poly madicid,
Poly(N-vinyl pyrrolidone), Poly(methyl methacrylatePoly(vinyl alcohol), Poly(acrylic acid), Poly itamide,
Poly(ethylene glycol), Poly(methacrylic acid).

Advantages of nanomaterials:

Nanotechnology offers various advantages over attiorgal drug delivery systems. Cell specific tanggtcan be
achieved by attaching the drug with specificallgigaed nanocarrier. Nanomaterials like nanopagjdiposomes,
nanospheres, nanoemulsionsetc. have a great @btastdrug carriers. Due to their small size andctdire, they
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exhibit unique biological and physiological propestlike enhanced surface area and enhanced abilitoss the
biological membranes and barriers[2]. Followinge aome of the properties which make them favouréte
application in biomedical field [4]:

1.These materials provide a significant improvemerdrahe traditional drug administration method énns of
therapeutic efficacy and effectiveness.

2.Provide targeted and controlled drug delivery ®dlesired site of action.

3.These are ideal choice for drug delivery in caseaoicer therapy, gene delivery, vaccines delivadyaelivery of
targeted antibiotics

4.Suitable candidates for the tissue engineering.

5.Enhance the stability issue of volatile materi&lrfeated by multitude of methods.

Applications of nanotechnology in drug delivery systems:

1.Nanocarriersdrug delivery of protein and peptides:

Traditionally proteins and peptides were deliverdmlough injections i.e subcutaneously, intravenpust

intramuscularly. Although their bioavailability wdsgh but fail to maintain sustain plasma concdittna So

introduction of nanoparticulate system for the wkaly of proteins and peptides maintain the drugasé over
extended time period and lead to less frequent midtration of dose (1).Rodriguest alstudied on
lectinnanocarrier conjugate. The study was perfdrimeusing dextran/poly(e-caprolactone) polyestdymers and
conjugated with three different proteins, lectinsnfi leaves of Bauhinia monandra and Lens culinansl, bovine
serum albumin (BSA) [17].

Yoo and Park studied salmon calcitonin containibR nanoparticles using salmon calcitonin oleatmplexes.
These complexes were prepared by hydrophobic ismgaTheses nanoparticles were quickly taken ygChco-2
cells and salmon calcitonin is transported to Caauoenolayer in vitro. In vivo studies showed salnuatcitonin
was orally absorbed [18]. Vrandkix al., also showed almost similar results when they usadocapsules
formulation with hydrophilic core for deliveringlsaon calcitonin in rats [19].

Alphandaret al., studied the crossing of insulin containing poliky&cynoacrylate) nanocapsules through intestinal
epithelial barrier to blood compartment where itsvedsorbed by M-cell free epithelium [20]. Leaathal.reveals
that excipients free protein nanoparticles prepdheough spray freezing into liquid technology dae prevented
from burst effect by dispersing into PLA and PLGAcroparticles [21].

2. Nanotechnology in ocular drug delivery:

Topical application of ophthalmic drugs shows pabsorption because of efficient protecting mechari$ eye
from foreign materials. These mechanisms are rddfliking, tear turnover, lachrymation, and draiaaghich leads
to faster removal of drug from the eye. Anotherriearfor poor drug delivery is the tight epitheliwwhcornea which
compromises the permeation of drugs into the ejler&d are many drug delivery system for ophthalmibih are
under investigation such as nanoparticles, lipospnhgdrogels, microparticles, collagen shields €tolloidal

systems like nanosuspensions provides extendedrdiegse in the eye and also enhance the penatiatiwer
through cornea, so that the frequency of dose &adiration and amount of drug both are reduced, lwiscvery
helpful and efficient for patient [22]. Adiblea al., prepared Eudragit RS100 loaded piroxicame nanapestior
control the inflammatory symptoms in rabbits withdetoxins induced uveitis. The results shows that rion-
invasive implementation of piroxicamenanosuspensisra safer controlled ocular delivery of antianfimatory
agent for treatment of uveitis [23].

Kaur et al., prepared tropicamide loaded carboxymethyl tamarkednel polysaccharide nanoparticles for
enhancement of corneal penetration. The study ewbat the nanoparticles show a better bioavalalshd
enhanced penetration through cornea [24].

3. Nanotechnology for central nervous system drug delivery:

In case of CNS, the blood brain barrier (BBB) playsignificant role in CNS drug delivery [25]. iteates a strict
extracellular fluid environment which protects timain parenchyma from blood composition variatiod potential
CNS toxic materials. So this barrier regulates difeusion of drugs toward brain parenchyma and tthes drug
diffusion is drastically declined. Conventionallytriacerebral or intraventricular route of admirdtibn have to be
adopted but these are risky and invasive technifi&e27].

As per the pharmacokinetic, the percent of injecteske which is delivered per gram brain is direptigportional to
the blood brain barrier permeability surface anemipct and the area under the plasma concentretiove [28]. For
optimal efficiency nanocarriers administered IV sldoremain in blood compartment in order to reachirb
vasculature and possess an appropriate blood aairer permeability surface area in order to dglitheir content
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beyond the BBB. Owing their size the nanocarrieasnot cross the endothelium of brain capillariespbgsive
diffusion through normal blood brain barrier. Sdivkr the drug efficiently in to the brain [29].

Straubingeret al., studied the intravenously administered liposomasrly spread within the tumor and lined the
blood vessels. On repeated administration of Bdiibsomes, within the tumoran extensive regiohaémorrhage
occur, which shows the tissue vasculature destmuciihe uptake efficiency and intracellular delivef drug may
be enhanced by designing the tumor specific naug delivery system [30].

4.Nanotechnology for GIT drug delivery system:

The aim of nanocarriers administration by oral eastbasically to decrease the dose and numbersifigland also
to enhance patient compliance. Some key pointghatild be kept in mind before selection of typemafocarriers
are to ensure sustained and controlled drug reldéawsa the nanocarrier [31].it should be biocompatib
biodegradable, stable at various chemicophysicar@mments, nontoxic and should have sufficientgdioading
capacity. Mainly the targets in GIT are lymphaticgeting and colon targeting [32].

Peyer’s patches are associated with lymphoid t&ssidch the most important structural units of ddt.Cells are
present over the lymphoid tissues which are sgeetifor endocytosis. Nanocarriers bind with apioaimbrane of
M-cells and rapidly internalized and shuttled tmfyhocytes. The absorption of drug through lymphalisorption
avoids presystemic metabolism by hepatic first pastbolism [33].

The presences of lymphoid tissues in colon arepr@®ent in aggregate masses. So the presencecell khay lead

to absorption of nanoparticles in the colon areasi@lly proteins and peptides can be delivereautlin this route
to protect them from proteolysis. Diseases of caloch as ulcerative colitis or Crohn’s diseaselmarasily treated
with colon targeting drug delivery system througtmotechnology. The nanocarriers used for GIT deliyery are

dendrimers. Polymeric nanoparticles, SLNs, andstymoes [34].

Recombinant human epidermal growth factor contgifiposomes coated with PGA administered to raadiyoand
area under curve was evaluated and compared tottsatution. The study shows 1.7 and 2.5 foldsamalement
for phosphatidylcholine and dipalmitoylphosphatahgline liposomes respectively [35].

Calcitonin containing liposomes coated with chitogdfects were studied on rats’ intestinal absorptiThe study
reveals that the efficacies of coated liposomeswaore than double that of uncoated liposomestiguabsorption
of calcitonin was poor because of its higher mdcweight and its enzymatic degradation in GIT][36

5. Nanotechnology in transder mal drug delivery system:

Stratum corneum is the layer from where the tramsdbdrug delivery is started but it is a most impat barrier
for most of the nanoparticulate systems. Basicsliypy has irregular surface area which makes diffifar large
particles to cross the skin barriers [37-38]. Thanatechnology is widely used in the cosmetic ingus$br
manufacturing cosmetic products. But it is not segy for nanoparticulates to be penetrated unttatum
corneum, rather it is recommended these shouldabi#dyeremoved by turn-over period of stratum comehe
drug to be delivered can be dissolved in a suithfied phase and spread over the skin but if ssalkent is not
available than nanoparticulate system comes inbtsideration. The SLN or polymeric nanoparticlesagrstlates
the drug and then these nanoparticulates are sprxesidhe skin. After that the medium is evaportabsorbed on
the skin and the drug loaded nanomaterials producembrane over the skin which act as a patch. thevdrug
concentration over the skin is highly elevated dnd to concentration gradient the drug is delivelida selection
of drug candidate for such a nanoparticulate systepends on the molecular weight and hydrophilapprties of
the drug [39-41].

6.Nanotechnology in parenteral drug delivery system:

In case of parenteral drug delivery system, theosaspensions are considered as the most impodantifation

approach. As a dosage form nanosuspensions ararpdefor the drugs which are insoluble in aqueoesliom

[42]. Those drugs which have highly binding effiwty to the hydrophobic receptors and poor wateautslity are

the best candidates for nanosuspensions formuatiimese nanosuspensions become the most suitalil@ates
for parentral drug delivery system as no solvequired; small particle size permits i.v. drug defiy and high
entrapment efficiency [43-44]. There are two kegtdas which influence the nanoparticulate drug\ael, the

vascular occlusion due to size and composition arfioparticles, another factor is the monocyte phggoc
system.Nanoparticles having size more than 7untrapped in pulmonary vasculature. In case of lualgeolar

macrophages provide way for passing particleslsg®ethan 12 um through capillary walls [45].
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The nanoparticulate system have many applicatica @erentral drug delivery system such as regianaksthesia,
anticancer agent paclitaxel drug delivery, maligreyperthermia, intrathecal delivery of drug eé6]|

7. Nanotechnology in gene delivery:

Gene therapy is an important approach for treatraégenetic disorders like haemophilia, tumourssticyfibrosis
and AIDS. The delivery of genes at targeted sitgtilsa formidable challenge. Genetic materials kbile to the
biological environment as well as they don't crdke biological membranes efficiently. Conventiopadjene
delivery has been performed with viral vectorsviral vectors, the potential to induce immune rew@s and the
risk of insertional mutagenesis in host genometduetroviral vectors make them unsuitable for gaekvery [47].
The nonviral vectors include liposomes, nanopaiatc. are efficient and effective gene deliveagtors. These
materials can be prepared by encapsulating genetterials in polymeric nanoparticles as naked pidSbiNA,
condensed with cationic polymers or in noncondeifised. PLA/PLGA nanoparticles containing plasmid Bldre
very effective for gene delivery due to their nommmogenic nature. These nanoparticles are pregaredgh
water-in-oil-in-water double emulsion solvent evegimn technique using PVA as an emulsifier. THecieincy of
encapsulation depends upon the concentration gfrgol its molecular weight and concentration of Esifier used
[48].

Figure 1. Nanocarriersfor gene delivery

8. Nanotechnology in nano-fiber based drug delivery system:

The electro-spinning nanofiber technology was dgyedl in around 1930s, but did not receive muchtdte. In
this technique the drug and polymer of interegtissolved in an appropriate solvent. This liquidhen filled in a
syringe and high voltage is applied. The polymesnmall quantity comes out, forming a Taylor cong.ifreasing
the voltage, the charged fluid jet initiated. Ta gestable jet, the charge run above a criticaiagel. The molecular
entanglements present in the polymer solution prietlee jet from breaking into droplets. This precésad to
formation of nanometer to micrometer sized fibed][4

This technique is very useful for enhancement afydtissolution of poorly soluble drugs, for wourréssing and
sustain release of drug. The polymers like polyglige, polylactic acid or polycaprolactone can Isedito sustain
the release of drug from multiple days to monthewelver the selection of polymer is important beeadsug

polymer compatibility play a key role [50].

9. Nanotechnology in lipid based nanoparticulate drug delivery system:

Cholesterol, phospholipids and triglycerides aeerfain components in lipid nanoparticulate drugveey systems
like liposomes and lipid nanoparticles. PhosphdBpupon hydration form bilayer membrane vesiclelsese
systems are highly biocompatible as these are alatamponents of biological membranes. Drugs aserjporated
in these vesicles through electrostatic compleratonjugation or lipid phase solubilisation [51].

Liposomes are basically phospholipids bilayers wéhtrapped aqueous volume. These are classified as
multilamellar vesicles (>200 nm), large unilamel(&00-400 nm) and small unilamellar (< 100 nm). Share
designed to possess the characteristics like lgatgmic circulation, pH and environmental reductsemsitivity,
targeted drug delivery and temperature sensit[tiky

Wanget al., coencapsulated doxorubicin and verapamil in lipes®mand studied there in vitro cytotoxicity. The
study demonstrated effective reversal of multidregjstant in doxorubicin resistant cell lines [52].
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10. Nanotechnology in anticancer drug delivery:

Nanocarriers are very important drug delivery systetransferring conjugated paclitaxel loaded nanges,
nanovaccines, magnetic PBCA nanospheres with acawgicinA in gastric cancer, Adriamycin loaded
nanoparticles for hepatoma treatment, polypropyémedendrimer nanoparticles for oligonucleotidesnaxifen
nanoparticles for breast cancer treatment [1].

Yoo& Park have report a study of folate receptagéted anticancer therapy using doxorubicin PEGtéol
nanoconjugategin in vivo study shows significant reduction in tumour volume in a humtamour xenograft nude
mouse model [53].

CONCLUSION

Nanocarriers are designed to enhance the therapmudi pharmacological properties of drugs. Theapmtent of
drug in these nanosystems enhance the stabilidyunf, increase the residence time in the systeirgalation and
decrease the dose of drug as well as number ofiglofhe targeted and controlled drug release cacbeved by
nanoparticulate system which is a positive prospedh case of gene delivery and anticancer therBggause of
their small size range, they can easily cross thedobrain barrier (BBB) which is beneficial in CNiBug delivery
system. In comparison to conventional drug deliveygtems, nanocarriers drug delivery is more sgkeand
efficient. The toxicity and adverse effects arestically reduced in case of nanocarriers drug eejivWith the
several benefits, there are some drawbacks of maneis such as handling difficulty due to sma#ieme and large
surface area can lead to aggregation of nanocariere to phagocytosis by cells the nanocarriarg donjugates
get destroyed, whereas their intracellular degradamay cause cytotoxicity. Other drawbacks are loading
capacity and efficiency, poor ability to controlettsize range and lack of technology methods to ymed
nanocarriers with high quality.

Due to presence of several functional groups onstiréace of nanocarriers, drugs can be attached @y in
stoichiometric ratio. The conditions like inflamnwat and oxidative stress in cells have been redoa toxic
mechanisms of various nanomaterials. Nanocarri€rsize less than 10 nm remain in cells and induneric
inflammation.

Conclusively, nanosystems may contribute to ach&wentrolled and targeted drug delivery systemnh vhiigh
therapeutic efficiency. The main biomedical apgl@maof nanotechnology are inthe fields of diagsasid targeted
therapy, however, there development are in the poniic stage. A long journey has yet to be coveoeeixploit the
benefits of nanotechnology in this sphere.

REFERENCES

[1]ThassuDeepak, Dellers Michel, Pathak Yashwamtndibook of Nanoparticles Drug Delivery System, tnfa
Healthcare New York2007, 1-24.

[2]Wilczewska AZ, Niemirowicz Katarzyna, Markiewi¢gH, Car Halina, Pharma Report2012, 1020-1031.
[3]Gaudana R, Jwala J, Boddu HS, Mitra Adharma Res2008, 26(5), 1197-1208.

[4]Mudgil Meetali, Gupta Nidhi, Nagpal Manju, PawRravin.,Int. J. Pharma Sci2012,4(2),105-112.
[5]Banerajee RJ. Bio. App.2001, 16, 11-12.

[6]Agnieszka Z. Wilczewskal, Katarzyna Niemirowid¢arolina H. Markiewicz, Halina Caf?harma Reports
2012, 64, 1024.

[7]Enrica Calo, Vitaliy V.,Khutoryanskiyd. Euro Poly 2015,65, 252.

[8]Svenson Sonke, Tomaliya David Advanced Drug Delivery Re2005, 57, 2115-2117.

[9]Wissing SA, Milller RHInt. J. Pharm, 2002, 242, 373-375.

[10]Nagavarma BVN, Yadav HKS, Ayaz A, Vasudha LS%iynkar Shiv HG Asian J. Pharma Re012, 5(3), 16-
23.

[11](http://www.m.webmed.com/vitamins/ai/ingridiembno-625/chitosan) accessed on 220%6.
[12](http://www.kimica-alginate.com/alginate/ap@imons.html) accessed on 22/2016.

[13]Athanassiou E, Vamvakopoulos N, Nakopoulou €zdulidisl, Zaharoulis P, Spyridakis M, Halzithédofi C.,
Surg. Technol. In2009, 109.

[14](http://www.m.webmed.com/vitamins/ai/ingridiembno-1051/gelatin.) accessed on 222076.
[15](http://en.m.wikipedia.org/wiki/xanthan-gum)aessed on 22/02016.

[16]ManchandaRashmi, Arora SC, Manchanda Raj&sth.]. of pharm Tech Re2014, 6(2), 419.

[17]Rodrigues JS, Magalhaes NSS, Coelho LCBB,Cauvie, Ponchel G, Gref RIl. Control Release2003,
92,103.

[18]Yoo HS, Park TGJ Pharm Scj2004, 93, 488.

[19]Vranckx H, Demoustier M, Deleers, Mur J Pharm Biopharnil996, 42,346.

264



Budhwar Vikaaset al J. Chem. Pharm. Res., 2016, 8(8):259-265

[20]Alphandary HP, Aboubaker M, Jaillard D, Couwr@&y Vauthier CPharm Res2003, 20, 1071.
[21]Leach WT, Simpson DT, Val TN, et dl. Pharm Scj 2005, 94, 56.

[22]Lee VHL, Robinson JRI. Ocular Pharma S¢il986, 2, 67.

[23]Adibkia K, Reza M, Shadbad S, Nokhodchi A, Ximedeh A, JalaliMB, Barar J, Mohammadi G, and Or¥idi
J. Drug Target2007, 15(6), 407-16.

[24]Kaur H, Ahuja M, Kumar S, Dilbaghi Nnt. J. Bio Macromol.2011, 833-836.

[25]Perdridge WMNevro Rx2005, 2, 3.

[26]Benoit JP, Faisant N, Venier JIMC, MemeiJPControl Release000, 65, 285.

[27]Guerin C, Olive A, Weingart JD, Lawson HC, Bréinlnvest. New Drug2004, 22, 27.
[28]Skamoto A, Ido TBrain research1993, 29(1), 171-175.

[29]Xie Y, Ye L, Zhang X, et all. Control Release005, 105 (1-2), 106-119.

[30]Straubinger RM, Arnold RD, Zhou R, Mazurchuk®ack JEAnticancer Rg2004, 24 (2A), 397-404.
[31]Hussain N, Jaitely B, Florence AAdvanced Drug Delivery R&p01, 50, 107.

[32]Hans ML, Lowman AmBiodegradable Nanoparticles for Drug Delivery anargeting 2002, 6, 319.
[33]Florence AT, Hussain Mdvanced Drug Delivery Re2001, 50, S69.

[34]Uchida J GastroenterolJpn 1988, 23, 251.

[35]Cansell M, Nacka F, Combe Nipids, 2003, 38, 551.

[36]Li H, Son JH, Park JS, et aht. J. Pharma.2003, 258, 11.

[37]Shah VP, Flynn GL, Yacobi A, et &kin Pharmacology1998, 11,117-124.

[38]Fiedler M, Meier W-D, Hoppe Uskin Pharmacologyl995, 8, 252—-265.

[39]Muller RH, Radtke M, Wissing SAAdvanced Drug Delivery Re2002, 5, S131-S155.
[40]Schreier H, Bouwstra J. Control Releasel994, 30, 1-15.

[41]Morganti P, Ruocco E, Wolf R, Ruocco Elinical Dermatol, 2001, 19, 489-501.

[42]Haynes DHUS Patent N05,091,1881992

[43]Lipinski CA, Lombardo F, Dominy BW, Feeney AHvannced Drug Delivery RgiQ97, 23:3.
[44]Gad SC.Vehicles and Excipients. Drug Safetyl&aton. New York: Wiley2002 (chapter 13.8).
[45]Kanke M, Simmons GH, Weiss DI, et l.Pharma. Scj.1973, 6, 508.

[46]Blum J et alCancer 2003, 64.

[47]Li Z, Dullmann J, Schiedimeier B, et &8cience2002, 296(5567), 497.

[48]Panyam J, Labhasetwar Xdvanced Drug Delivery Ref2003, 55(3), 329-347.
[49]Gregoriadis G, Florence ADrugs 1993, 45:15.

[50]Chew SY, Wen J, Yim EKF, Leong KVBiomacromolecule005, 6, 2017.

[51]Allen TM. Drugs, 1998, 56, 747.

[52]Wang J, Goh B, Lu WL, et aCells, 2005,28, 822.

[53]Yoo HS, Park TGJ. Control Release2004, 100,247.

265



