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ABSTRACT KEYWORDS
The nanomaterialsexist in nature ever since the earth cameinto existence. Poly (2-hydroxyethyl
Nature has created these material sin vivid environmental conditions. Dur- methacrylate);
ing the past two decades, extensive research has been carried out on the PHEMA,;
biomedical applications of nanostructured materials. Nanotechnology- Drug delivery;
based delivery systems can also protect drugs from degradation or ATRP;
prematured metabolism, and have longer plasma circulation times. If the RAFT.

release mechanism is stimuli-responsive, a therapeutic level of the drug
can be sustained over days or even months. biodegradable polymers from
which the drug will be released in a sustained manner.

The performance of apolymeric material relies greatly upon the properties
of the boundaries in many applications because interactions between the
material and its environment occur chiefly at its surfaces. For blood con-
tacting implant devices, it is very important that surface show minimal
protein adsorption and it can be achieved by increasing the hydrophilicity
of the surface because it reduces protein fouling and improve
biocompatibility. Poly (2-hydroxyethyl methacrylate) (PHEMA) is particu-
larly attractive for biomedical engineering applications because of their
high water content, non-toxicity and favorable tissue compatibility and its
physical properties can be easily manipulated through formulation chemis-
try and it has been extensively used in medical applications. This review
includes the preparation techniques, characterization and drug delivery
applications of PHEMA based nanoparticles.
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INTRODUCTION droxides of Fe, Al, Si, etc. and magnetite in

magnetotactic bacteria, etc., long beforeman attempted

Thenanomateridsexisinnatureever sncetheearth  to producethem, in some casesimitating the natural
cameinto existence. Nature has created thesemateri-  processes. Similarly, the organic moleculesinthe na-
alsinvivid environmenta conditions. Naturemade nometer scaearethefoundationsof thelifeformation.
nanophase materia ssuch asclays, oxidesand/or hy- However, from 1990sthe scientistsare popularly using
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Figurel: Examplesof different drugdeivery approaches

theterm nanotechnol ogy to refer designing, character-
ization, production and application of structures, de-
vicesand systemsthat exist in between those of atoms
and bulk materialswith at |east onedimensioninthe
nanometer range (1 nm=onethousand millionth of a
meter, 10¢9 m),

The field of nanotechnology has givenriseto a
plethoraof new terms prefixed by ‘nano-’ and indeed
by ‘nanobio-’ (orbionano-") (Greek word nano, mean-
ing dwarf) without being too rigorousor prescriptive, it
isimportant to keep some perspective here and we
believethat scienceat thenanoscaeisbest served by a
combination of good di sciplineaccompanied by prag-
matism,

——— Rev/iew

Nanoparticles are submicron moieties may be
nanocrystalinematerials (amateria that iscomprised
of many crystals) and nanocomposite (multi-phasema:
terid inwhichthemgority of thedispersed phase com-
ponents have one or moredimensions) between 1 nm
and 100 nm according to theusua definition, dthough
thereareexamplesof NPssevera hundreds of nanom-
etersin sizemade of inorganic or organic (e.g. poly-
meric) materials, which may or may not be biodegrad-
able4,

During the past two decades, extensiveresearch
hasbeen carried out on the biomedi cal applications of
nanostructured materials. Theworld market in these
materid swasestimated to beabout $120hillionin 2002,
and it is growing at an annual rate of 15% to reach
$370billion by 2010. NSF haspredicted that by 2015
thenanotechnol ogy will becomeatrillion dollar indus-
try worl dwideg?9.

In general, Nanoparticlesincluding dendrimers,
micelles, emulsions, nanoparticulated drugs, and lipo-
somes offer much improved performancesthan those
of bulk materials of the same composition, whichis
mainly duetotheir larger surface-to-volumerétios, un-
usud chemicd synergistic effects, hydrophilicity/hydro-
phobicity, surfacefunctionalization, biodegradability,
physical response properties (temperature, pH, elec-
triccharge, light, sound), magnetic and e ectronic prop-
erties, and the role played by surface phenomenaas
the sizeis reduced therefore constitute a bridge be-
tween single moleculesand bulk materia systemd®7
Nanotechnol ogy-based ddlivery systems can also pro-
tect drugs from degradation or prematured metabo-
lism, and havelonger plasmacirculation times. If the
rel ease mechanismisstimuli-responsive, atherapeutic
level of the drug can be sustained over daysor even
months. These properties can help reducethe number
of dosesrequired, make treatment abetter experience
and reduce treatment expenses®9. Figure 1 showsex-
amples of different drug delivery approaches by
nanomaerias.

Polymeric nanoparticlesconstituteaversatiledrug
delivery system, which can potentialy overcomephysi-
ologica barriers, and guidethedrug to specificcellsor
intracellular compartmentsby passiveor ligand-medi-
ated targeting approachesbecause of their submicron
size which makes extravasations possible and occlu-
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sion of terminal blood vessel unlikely**1, It also al-
lows controlling the rel ease pattern and sustaining drug
levelsfor alonger timeby appropriately selecting the
polymeric carriers. Although numerous biodegradable
polymeric nanoparticles of natural polymerssuch as
proteinsor polysaccharidesarelargely used asadrug
delivery carrier in controlled drug delivery technol ogy,
but now-a-days synthetic polymershavereceived Ssg-
nificantly moreattention inthisareabecausefrom poly-
meric nanoparticlesboth controlled drug releaseand
disease-specificlocalization can beachieved by tailor-
ing their polymer characteristics and surface chemis-
tryt2,

Drug delivery technol ogy that can be defined as
techniquethat isused to get the therapeutic agentsin-
side human body represents one of the broader areas
of science, whichinvolvesmultidisciplinary scientific
approach, contributing to human health care. Thede-
sign of adrug delivery systemisusually based on the
drug’s physicochemical and pharmacokinetic proper-
tied™, It is possibleto modify the pharmacokinetics
and biodigtribution of thedrugs, improving theefficacy
and security of thetherapy by including thedrugintech-
nologically optimized drug delivery systemsor conju-
gating the drugswith different polymerg*4.

Conventiond ddlivery sysemsdo not provideided
pharmacokinetic profiles especially for drugs, which
display hightoxicity and/or narrow therapeuticwindows
because conventiond ord andintravenousroutesof drug
administration follow first order kineticg*®. In case of
controlled drug ddivery systemsided pharmacokinetic
profilewill be observed wherein thedrug concentration
reached thergpeuti clevel swithout exceeding the maxi-
mum tol erable doseand maintainsthese concentrations
for extended periodsof timetill thedesired thergpeutic
effect isreached dueto zero order*®, Themain prob-
lems currently associated with systemic drug adminis-
tration are; evendistribution of pharmaceutica sthrough-
out the body; lack of drug specific affinity toward a
pathologicd site; the necessity of alargetotal dose of
drugto achievehighloca concentration; non-specific
toxicity and other adverse side-effectsdueto high drug
dosed?”. To addressthisissue, it isessential totrans-
port thetherapeutically activemoleculemainly tothe
target whereitisneeded and at therequired timeand
level™. Thiscould be achieved by embedding thedrugs
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Into nontoxic and bi odegradable polymersfromwhich
thedrugwill bereleased in asustained manner9,

The performance of a polymeric material relies
greatly upon the properties of theboundariesin many
applications becauseinteractionsbetween the materia
and itsenvironment occur chiefly at its surfaces. For
blood contactingimplant devices, itisvery important
that surface show minima protein adsorptionandit can
be achieved by increasing thehydrophilicity of thesur-
face becauseit reduces protein fouling and improve
biocompatibility!®. PHEMA isparticularly attractivefor
biomedi cal engineering gpplicationsbecauseof their high
water content, non-toxicity and favorabl e tissue com-
patibility anditsphysical propertiescanbeeasily ma
nipulated through formul ation chemistry andit hasbeen
extensively used in medical applications such ascon-
tact lenses?!, keratoprotheses, and as orbital im-
plants?l. The presence of a hydroxyl and carboxyl
groupson eachrepesat unitin PHEM A makesthispoly-
mer compatible with water and the hydrophobic o-
methyl groupsand backboneimparts hydrolytic stabil-
ity to the polymer and support the mechanica strength
of the polymer matrix?3,

TECHNIQUESOF SYNTHESISOF PHEMA
BASED NANOPARTICLES

Atom transfer radical polymerisation (ATRP)
method

ATRPisaversatile techniquefor the controlled
polymerization of low to moderately high molecular
weight polymerswith well-defined architecture and
controlled dimensiong??1, has been successfully
employed for the polymerization of avariety of acrylate
and methacrylate monomers, such as methyl
acrylate?21, methyl methacrylate® and n-butyl
acrylate?3 with ahigh tolerance of growing species
tomany functionalgroupsinduding acids, hydroxy- and
amino groups®Y. ATRPhasbeen used totailor polymers
with specific functionditiesa ong the chain. Hydroxyl
functiona monomerssuch as 2-hydroxyethyl acrylate
(HEA)BL32 and 2-hydroxyethyl methacrylate
(HEMA)B34 have been polymerized using this
technique, too. With these monomers, different
controlled polymer architectures and microstructures
can be obtained, such asblock copolymers® gradient
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Figure2: Mechanism of atomtransfer radical polymerization (ATRP)®®

copolymerg®3 or statistical copolymerd®”.

ThenameATRPoriginatesfrom theatom transfer
step, whichisthekey elementary reaction responsible
for the uniform growth of the polymer chains. INATRP
thepolymerizationistypicdly sarted with o-halogenated
esters(Figure2). Typically, INnATRPchain growthis
initiated by an akyl halide (R-X) and catalyzed by a
trangition metal complex, suchasCuX/2,22 -bipyriayl.,
itisgeneraly believed that the pseudo-living nature of
the polymerization is due to the relatively low
concentration of polymer radical s, which leadsto the
suppression of classical termination relative to
propagation/3s.3,

ATRPisbased on the generation of radicalsby a
reversibleredox reaction of transition metal complex

Ch,
HC Br
0 +

0

OH

HEMA BrB

(M,"-Y/Ligand, whereY isacounterion). Transfer of
an atom (usually hal ogen) from adormant speciesto
themetd resultsinan oxidized metal complex (X-M™*-
Y /Ligand whichispersistent species) and freeradica
(R).

HEMA can not be polymerized by anionic and
group transfer polymerizationsdueto thelabileproton
on the hydroxyl group. Little success has been
accomplished in polymerization of methacrylates by
NMP. Beers et. a. reported the controlled linear
homopolymerization of HEM A and the preparation of
ablock copolymer withaMMA by ATRP=3, Gao and
Matyjaszewski*? synthesized linear poly(2-
hydroxyethyl methacrylate) (PHEMA) by ATRPa firs.
After exterification with pentynoic acid, click reaction

PHEMA

CuClbpy,RT

MeOH

PHEMA,

Figure3: ATRPsynthessof PHEM A
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Figure4: Mechanism of rever sibleaddition-fragmentation chain transfer (RAFT) polymerization

of the obtained PHEMA-a kynewith azide-terminated
PEO afforded homopolymer brusheswith agrafting
efficiency upto 88%. Gao and coworkers41 fabricated
amphiphilic copolymer brush-functionalized carbon
nanotubes by coupling ATRP grafting-from and click
grafting-to techniques. Thesyntheticroutesof PHEMA
homopolymer isshowninFigure3.

Chen et d.[*! prepared well-defined multiarm star
block copolymers poly(glycerol)-b-poly(2-
hydroxyethyl methacrylate) (PG-b-PHEMA) withan
average of 56, 66, and 90 PHEMA arms with large
amount of hydroxyl groupsinthesidechainof thearms,
respectively by atom transfer radical polymerization
(ATRP) of HEMA inmethanol by acore-first strategy,
initiated by ahyperbranched polyglycerol (PG)-based
meacroinitiator.

Reversibleaddition-fragmentation chain transfer
(RAFT) method

Reversibleaddition fragmentation chaintransfer is
another successful techniqueto avoid the use of toxic
organometalic catalysts, and to attain narrow polydis-
persity indices(PDIs). It utilizesdithioestersaschain
transfer agentsfor theliving character of polymer. Rates
of addition and fragmentation arefast relativeto the
rate of propagation. RAFT agent deactivatesthe poly-
mer chainsto form adormant species, resultingina
controlled polymerization. InRAFT polymerization, the
product of chaintransfer isachaintransfer agent with
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smilar activity to the precursor transfer agent. Thispro-
cessisasoreferred to asdegenerative chain transfer.
The polymeric starting materid sand the productshave
equivalent properties and differ only in molecular
weight“d. The key elementary mechanism of RAFT
polymerization isasequenceof addition-fragmentation
equilibriaas shownin Figure 414344,

After the production of apropagatingradical by a
conventiona way, achaintransfer agent (CTA) reacts
with apropagating macroradicd and formtransient radi-
cd. Thistransent radical canfragment back totheorigi-
nal form or to thedirection of another dormant chain
and producealivinggroup, Re. This leaving group should
react withthemonomer to reinitiatethe polymerization,
then aseriesof addition-fragmentation stepsoccur. The
equilibrium between theactive propagating speciesand
thedormant polymeric RAFT speciesalowsal chains
to have an almost same opportunity to grow and con-
trolled polymerization takes place. When the polymer-
ization iscompl ete, the end groups of the chainscon-
tain thethi ocarbonylthio moi ety

In 1998, Chiefari and coworkers“ reported the
copolymerization of HEMA withMMA by theRAFT
processin ethyl acetateat 60°C. Chong et. al.[*"l also
stated that in the absence of chaintransfer (to solvent,
initiator, or monomer), thetotal number of chainsformed
will beequal to (or lessthan) the moles of thedithio
compound employed plusthemolesof initiator-derived
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Figure5: Sructureof thePHEM A-IM EO nanoparticles

radicals. Inblock copolymer synthes's, these additiona
initiator-derived chains areasource of homopolymer
impurity. For maximum purity, itisdesirableto uselow
concentration of initiator and to choose solventsand
initiatorswhichgiveminima chaintransfer. Aswith con-
ventiond radica polymerization, therateof RAFT po-
lymerization isdetermined by theinitiator concentra-
tion.

Merke et.a*® Synthesized Low Molecular Weight
pDMAEM A-block-pHEMA Block-Copolymersvia
RAFT-Polymerizationinamolecular weight (Mw) range
of 17-35.7 kDa and analyzed using 1H and 13C NMR
(nuclear magnetic resonance), ATR (attenuated total
reflectance), GPC (gdl permestion chromatogragphy) and
DSC (differential scanning calorimetry).

Surfactant freeemulsion polymerization method

Denizli et al .*9% synthesi zed poly(hydroxyethyl
methacrylate) (PHEMA) nanoparticleswith an aver-
ageszeof 150 nmindiameter andwith apoly-dispersity
index of 1.171 by asurfactant free emulsion polymer-
ization. Reectiveimidazolecontaining 3-(2-imidazoline-
1-yl)propyl(triethoxysilane) (IMEO) was used as a
pseudo-specific ligand. IMEO wasattached covaently
onto the nanoparticles. PHEMA-IMEO nanopatrticles
wereused for theaffinity binding of immunoglobulin-G
(IgG) from human plasma. Inthismethod, the HEMA/
EGDMA mixture was added to aqueous sol ution of
polyvinyl acohol (used asthe stabilizer for the prepa:
ration of the continuous phase) an ultrasonic bath for
30min. Prior to polymerization, KPSwasadded to the
monomer phase and nitrogen gas blown through the
medium for about 1-2 min to remove dissolved oxy-
gen. Polymerizationwas carried out in aconstant tem-
perature shaking bath at 70°C, under nitrogen atmo-
spherefor 24 h, the PHEM A nanoparticlesformed.

Silaneisacoupling agent and itsbi functiona mol-
ecul e bindsto both the exposed compositefiller par-
ticlesand bonding resin. The silanecompoundsreadily
reat with the surface hydroxyl groups of thedifferent
supports. It isassumed intheliteraturethat the silane
moleculesarefast hydrolyzed by thetrace quantities of
water present elther on the surface of the support or in
the solvent foll owed by theformati on of acova ent bond
with the surface. For the silanization, PHEMA
nanoparticlesand IMEO (mol ratio 1:10) were mixed
and stirred at 25 °C for about 4 days. At theend of this
period, stirringwas stopped. The silanization reaction
takesplaceat 25 °C without any catalyst asshownin
Figure5i5Y,

Suspension polymerization method

Bajpai and coworker prepared PHEMA
nanoparticlesby amodified suspension polymerization
technique, as published by Kaparissideset. a.l*2. In
brief, Inthistechnique, polymerizationwascarried out
in an agueous phase containing PVA, which was used
asthedabilizing agent. Themixturecontaining themono-
mer HEMA, thecross-linker EGDMA andtheinitiator
Bz,0, dispersedintoluenewas added into S00mL coni-
cal flask contai ning the suspension medium (200 mL
aqueous PVA solution (0.5% W/V)). Thereactor was
flushed by bubbling nitrogen and then sealed. There-
action mixturewas placed on magnetic irrer and heated
by vigorousstirring (600-700 rpm) at 80°C for 2hand
thenat 90°C for 1 h. The cross-linking reaction was
completed within three hours. After cooling the poly-
meric particleswere separated from the polymerization
medium(>.

Photochemical polymerization method

Hoffmann™ and Stroyuk®® found that quantum-
sized semiconductor particles were efficient
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photoinitiatorsto initiate polymerization of monomers
in high quantum yiel dsand proposed the mechanisms
of polymerization. SiDeet al '™ synthesized poly(2-
hydroxyethyl methacrylate)(PHEMA) magnetic
nanogels by in-situ polymerization of 2-hydroxyethyl
methacrylate (HEMA) and N,N’-methylene-bis-
(acrylamide)(MBA) in Fe,O, agueous suspension un-
der UV irradiation. When Fe,0O, nanoparticlesaredis-
persed in agqueous solution containing HEMA and
MBA, monomer and cross-linker moleculeswill be
adsorbed onthe surface of Fe,O, duetoitshigh sur-
face energy. The photon section of Fe,O, nanoparticles
isfar larger than that of monomer or cross-linker. As
the system was exposed to UV light, overwhelming
quantitiesof photonswereabsorbed by vinyl molecules
on the surface rather than those in solution.
Photopolymerizationis primarily induced on the sur-
face of magnetitesbefore polymer networksareformed
by freeradical reactionsand polymer chainspropagate
spontaneoudy. At thesametime, afew of monomerin
solution may absorb atiny proportion of photonsand
be convertedinto monomer radicas. Theseradicasare
involved inthereactionssuch aschain propagation and
termination of the polymer shell as well as
homopolymeri zation of monomer occurringinsolution.

Dispersion polymerization method

Beneset a5 synthesized PHEMA particlesby
disperson polymerizationof HEMA inamixtureof tolu-
ene and 2-methyl propan-1-ol of agiven composition
using cellulose acetate butyrate as stabilizer. Dibenzoyl
peroxidewas used asan initiator of polymerization.
Partideswerecross-linked with ethylenedimethacrylate
added at alater stage after the start of polymerization.
Thereaction mixturewas stirred for 5 min, bubbled
with purenitrogen for 10 min, and then heated (typi-
cally at 70 °C) under stirring at 500 rpm. Two hours
after thestart of the polymerization, definiteamount of
EDMA wasadded; theoverad| polymerizationtimewas
8h. at least

CHARACTERIZATION OFPHEMABASED
NANOPARTICLES

FTIR analysisof PHEM A nanoparticles
The FT-IR spectra of HEMA and PHEMA are
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Figure6: FTIR spectrum of (a) HEM A and (b) polymer of
HEMA

givenin Figure6. Inthe spectrum of monomer (Figure
6a) the—OH peak is broad in the range of 3300-3700
cmrt indicating hydrogen bonding. It a sowasretained
inthe spectrum of polymer (Figure 6b)>. However,
the shoulder at 3100 cmr?; peaks at 1637, 933 and
816 cm'* corresponding to —C=C- in the spectrum of
monomer arenct present in the polymer spectrum. The
—C=0 (1719 cm?), -C-O-C- (1321-1032 cm?), -
CH2 (1404-1379 cm®) are present in both spectrum.
Thus, polymerization proceedsviatheopening of double
bonds.

DSC analysisof PHEM A nanoparticles

The DSC thermogram of PHEMA isgiveninFig-
ure 7. Thedetailed anaysisof thermogram by apro-
gram showed that the Tg value is around 88°C and
peak at 110-160 (maximizeat 140 °C) correspondsto
further polymerization which was not observedinthe
second runthermogram. The polymerization peak has
theenthdpy of AH=-61.3 J/g. The poly-(HEMA) shows
adistinct featurein the DSC curve, having an endot-
herm at about 303 °C, dueto therma degradation. An
additiona endothermic peak appears at around 477
°C 58, Water in hydroge sisclassified asfreeand bound
water; bound water exits asfreezing-bound water and
nonfreezing-bound water (Figure 8)¥. In DSC stud-
ies, freezingwater exhibitsacrystallization exothermat
about -20°C, where as freezing bound water associ-
ated with the matrix exhibitsan exotherm at about -40
°CI®1, Nonfreezing water molecules aretightly associ-
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Figure7: DSC thermogram of PHEMA

ated with the hydrophilic groups on the polymer and
cannot be detected by DSC. Nonfreezing water is,
however, cd culated from theintercept of plotsof total
exotherm areaversuswater content.

Kim et al.[%! determined thefree and bound water
content inthe PHEMA gel by DSC techniquesand ex-
plained that 21% and 19% bound water present iniso-
tactic and syndiotactic PHEMA gel. similarly, Yishi
et.al %4 studied the state of water in the copolymer of
poly(N-vinyl pyrrolidone- methylmethacrylate) and
poly(N-vinyl pyrrolidone- hydroxylethyl methacrylate)
gelsby DSC. They determined that water content ba-
scaly depandsupon nature of monomer and itshydro-

philicity.

Ice cage water

Bound water

Figure8: Different typeof water contentin PHEM A
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Figure9: SEM imageof PHEM A nanoparticled®”

Scanning electron microscopy of PHEMA
nanoparticles

The surfacetopography of animplantable materia
Is a significant parameter in the appreciation of
biocompatibility. Thesurfaceroughness, for example,
can notably influencethe adherence of certain cdlular
types (fibroblasts, osteoblasts. . .). The surface rough-
nessabiomateria can bevisuaized by different meth-
odslike scanning € ectron microscopy (SEM). The
SEM image of surfactant free emulsion polymerized
PHEMA nanoparticlesis shownin Figure 93, The
SEM imageof nanoparticlesclearly suggestsfor anon-
smooth morphology of thePHEM A nanoparticlesaand
uniform sizeof PHEMA nanoparticles.
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Figure10: AFM imageof PHEM A nanopar ticlesg®!
Atomicforcemicroscopy of PHEMA nanoparticles

Accurates zemeasurement during nanoparticlepro-
ductionisessentid for the continuinginnovation, quaity
and saf ety of nano-enabled products. Size measure-
ment by analysing anumber of separate particlesindi-
vidualy has particular advantagesover ensemblemeth-
ods. In the latter case nanoparticles have to be well
dispersed in afluid and changesthat may occur during
analysis, such asagglomeration and degradation, will
not be detected which could lead to mid eading results.
Atomic force microscopy (AFM) allowsimaging of
particlesbothinair and liquid, however, the strongin-
teractionsbetweenthe probeand theparticlewill cause
the broadening of thelaterd dimensioninthefina im-
age®. TheAFM image of PHEM A nanoparticlessug-
gest that the PHEM A nanoparticlesand perfectly spheri-
cd witharedatively smooth surface (Figure 10)5Y,

APPLICATIONSOFPHEMABASED
NANOPARTICLESINDRUGDELIVERY

Polymeric materialsthat respond to astimulusare
oftencaled“‘smart” or “intelligent” due to their intrinsic
ability todter their physical or chemica properties. For
themgjority of thepolymersthat fall into thiscategory,
theresponseto achangein the surrounding environ-
ment isnot only quick, onthe order of minutes® to
hourd®” 8, but d so reversible, mimicking thedynamics
observed innaturd polymers, suchasproteins, polysac-
charides, and nucleic acidsinliving organic systemg®.
Polyhydroxyethyl methyl acrylate(PHEMA) isanionic

flano Soienoe and flano Teohnology

copolymer showshigh swelling in neutral or high pH
but do not swell in acidic medium. Therefore, there-
leasekineticsof drugfrom PHEMA basad nanoparticles
can betriggered by changing pH of the medium.

Theddivery of drug moleculesthroughthecarrier
systemsisassumed to avoid their unwanted effectsbe-
causeof controlled biodistribution. Theultimategod of
drug therapeuticsisto increasethesurviva timeand
thequadlity of lifeof thepatient. Nanoscad e drug ddliv-
ery systemshavetheability toimprovethe pharmaco-
Kinetics and increase biodistribution of therapeutic
agentstotarget organs, which will result inimproved
efficacy!™ 72, Biodegradabl e polymeric nanoparticles
have been extensively used for cancer therapeuticg™.
Thematerial propertiesof each nanoparticles system
have been devel oped to enhance ddlivery to thetumor.
For example, hydrophilic surfaces can beused to pro-
videthenanoparticleswith stedth propertiesfor longer
circulation timesand positively charged surfacescan
enhance endocytosis. The types of biomedical
nanoparticles currently used in research for pharma-
ceutica purposesand morespecificaly for cancer thera
peutic goplicationsincludedendrimerd™, liposomes ™,
polymeric nanoparticles™, micelled’, protein
nanoparticles™, ceramic nanoparticles™, viral
nanoparticles®, metalic nanoparticled®, and carbon
nanotubes®.

You et d® synthesi zed pH-Sensitive poly(N,N-
dimethylaminoethyl methacrylate (DMAEMA)/2-
hydroxyethyl methacrylate (HEMA)) by formingan O/
W emulsion followed by photopolymerization
nanoparticlesfor thetriggered rd ease of paclitaxd within
atumor microenvironment. Tumorsexhibit alower ex-
tracellular pH than normal tissues. They found that
peclitaxel rdeasefromDMAEMA/HEMA paticlescan
beactively triggered by smdl, physiologica changesin
pH (within 0.2-0.6 pH units). In vitro results support
that the drug would remain within the particleduring
circul ation; upon exposureto alow pH environment,
theparticlewould swell resultingin release of thedrug.
Monodisperse, pH-sensitive DMAEMA/HEMA
nanocarriersencapsul ating paclitaxe exhibited pH-de-
pendent releasekinetics.

Therapeutic genedelivery isbased on the concept
that recombinant DNA and RNA interferencetechnolo-
gies can be used to regul ate disease at the molecular
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Figurell: Schematicillugration of theddivery of pH-senstivegenecarriers. For example, the DM AEM A/HEM A nanoparticle

releasesDNA inthelow pH endosom™

level. Nonetheless, treatment of human diseasesby ge-
netic material instead of drugs has been limited by ef-
fectiveddivery without cytotoxicity. Itiswiddy accepted
that pH facilitatesendosomd ddivery. Endocytosisgen-
erally occurshby engulfing molecules or therapeutic ve-
hiclesby the plasmamembrane. Plasmamembranein-
vaginationsevolveinto endosomesthat becomelysos-
omes, acidic compartmentsresponsi blefor degrading
foreign agents. Therapeutic agents (i.e. pDNA) are
delivered to the cytoplasm by disrupting endosomes
(Figure 11). You and co-workerg®# studied thetrig-
gered release of DNA for gene transfection from
poly(N,N-dimethylaminoethyl methacrylate
(DMAEMA)/2-hydroxyethyl methacrylate (HEMA))
nanoparticles. Plasmid DNA for green fluorescent pro-
tein was encapsulated. It was al so noticed that HeL.a
cells(cancer cdls) weresuccessfully transfected witha
dependence ontheswelling ratio and crosdinking den-
Sity.

Bajpai and co-workersg® also evaluated in vitro
release of cancer drug from PHEMA nanoparticlesand
they found that rel ease profiles show afast rel easerate

followed by aslow delivery of drug into therelease
medium. Thishiphasic nature of release profilesisdue
totwofact firstly surfacedrugisflushedinto therelease
medium (fast release) and after that the remaining
amount of drug passesdowly into therelease medium
because of thefall in concentration of drugwithinthe
nanoparticles.
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