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FROM THE PRESIDENT...

Welcome to yet another exciting Controlled Release Society - Indian
Chapter2012!!

The pharmaceuticalindustry is usheringinto the defining chapter of its
existence In recenttimes, the fierce competitivenessrom the allied fields
has compelledthe industry to diversifyits researchinterests Further,the
uncertainty grapplingthe pharmaceuticalmarket has made INNOVATION
pivotal for the longevity of the industry. Although, the academiahas
embraced this fact, the industry at large is still lagging behind in
acclimatizingo this reality. Neverthelessthis dismalscenariois provingto
be a catalyst in overhaulingthe entire outlook of the pharmaceutical
community,

Innovation, however, should not be restrictedto but hasto transcendthe
ambit of drug deliverytechnologies It shouldbe borne in mind that there
are myriad of opportunities waiting to be explored especiallyin newer
avenuessuchas biopolymer synthesis genedrug delivery, medicaldevice,
vaccine, diagnostics and theranostics Further, the revolution of
nanotechnologyhas made it essentialto explore newer technologiesfor
easeof fabrication of these versatilecomponentsat industriallevel These
favorableprospectshavenecessitatedhe needfor upgradationand lateral
thinking of inventivewaysto bolster everyquarter of the industryi.e., from
researchto commercialization

Sinceits inception,ControlledReleasesociety- IndianChapterhaszealously
pursuedthe goalof disseminationof the currentand innovativeknowledge
for edifyingthe intellectualmindsof the scientificcommunity. Thisyeartoo
is not an exception,the ControlledReleaseSociety- IndianChapterthrough
the conference and the Newsletter has made conscientiousefforts to
introducethe delegatedo the recentadvancementsn the scientificarena
Likewisethe editorial committee hasalsoinvestedcommendablesfforts in
collating information on the most relevant topics in sync with the
conferenceideology Throughthis Newsletter,the organizationintends to
encouragethe young minds and my fellow colleaguesto fearlesslytackle
the challengesf the emergingfuture which holdsthe promiseof only rich
dividends

Asalways,we earnestlyhope that the efforts of the editorial team provide
impetus to our colleagueto think innovative! Finally, | would like to
concludewith the motivating quote of former PresidentAbdul J Kalam
Wookat the sky. We are not alone. Thewhole universeis friendly to usand
conspiresonly to give the bestto thosewho dreamandwork.Q

Dr. AMARJITSINGH
PRESIDENJCRSNDIANCHAPTER
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FROM THE EDITOR,.,

The Twelfth International Symposiunmon 'Advancesn Technologyand Business
Potential of New Drug Delivery Systems'holds specialrelevanceto the CRS
Newslettereditorial team. Recallinghe lastfew years,a familiar senseof déjavu
gripsusasCRNewslettercelebratests 51 gloriousyearof publication Although
stillin its infancy,the endeavorhasbeengraduallygainingrecognitionamongthe
patrons of the CR9ndian Chapterfor its attempt to propagatethe ideology of
innovativenessn outlook towardsresearch

In the pastfew decadesthe pharmaceuticatesearchhastranscendedrom just
being mediocre to something more avantgarde However, this phenomenal
changein the knowledgesectorhasonly contributed to further the dividein the
academiaand industrial doctrines Ironically, it is the same knowledgewhich
holds the key to dissipatethis issue As dauntingasit will be, embracingthis
changeis the only decidingfactor for Indian pharmaceuticaldo metamorphose
into world classleadingbrands Thischangingparadigmis the underlyingtheme
of the 5t edition of CRSNewsletter

Addressingthis changeis the eclectic mix of distinguishedauthors who have
contributed insightful viewpointson an array of topics For their unflaggingand
timely supportto this endeavor,the editorial team expresseseartfelt gratitude
to all our immensely busy and talented authors In recent times, relatively
ambiguousnanotechnologyhas been pannedas well as extolled for its virtues
However,the ongoingresearchhas made us realizethat there is more to this
technologythan meetsthe eye Explainingwhat make nanomedicinepivotal in
diseasemanagementis the feature on Nanoparticleand cell interactionswhich
succinctlyelucidatesthe possibleinteractions of nanopatrticlesat the cellular
level While debatingon the latest trend of exploitingy” | (i dHeIB & a brief
insight on the possible impact of natural antioxidants on the ADME of
concomitant administered drugs under the ambit of DrugNutraceutical
Interactions lllustrating change is the introductory article on the widely
acclaimed green technology Supercritical fluid: simplifying nanotechnology
Althoughin its nascencethis technologyis beingtouted as one of the possible
alternativesto industrializenanotechnologyKeepingpacewith the innovationsis
the feature on patents which promisesto be an insight on the significanceof
recognitionof the opportunitiesandrisksin patentinginnovations Bringingusto
reality isthe recountof the one of the most successfuéntrepreneurin the Indian
scenario This article is an attempt of abreast the young and aspiring
entrepreneursabout the possiblestrugglesarising due to the lacunaein the
system Addingto the much needed twist to ubiquitous Infra Red analytical
technique is an interesting feature on the imaging analytical technique for
facilitating better understandingof the drug and excipientsinteractionsin drug
deliverysystemsFinally,asalwayswe havelined up brain teasersfor providinga
breatherfrom thesetopics

Reiteratingthe fact, the realizationof this issueof Newsletteris an enrichingand
exhilaratingexperiencefor the entire editorial team. We hope we are successful
in challengingour readersto think innovative We striveto excelin our endeavor
and we believe attaining excellenceis impossiblewithout your feedbacks So
lookingforward to your encouragingeedbacksand hopingall of you havea great
networkingexperience

VandanaB. Patravale
Professorof Pharmaceutics|CT ,Mumbai.
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Nanoparticle - cell interactions

Introduction

It is closeto half a century sincethe use of nanoscale
phospholipidvesicler liposomeswvasproposedfor drug
delivery purposes Since then nanoparticles made of
various organic and inorganic materials have been
successfully used for diagnostic and drug delivery
applications Recent nanoparticulate drug delivery
systemshave been designedfor increasedtherapeutic
efficacy Thisis achievedviatargeteddeliveryof the drug
to the afflicted site and its controlled release,thereby
reducingabsolute concentrationas well as fluctuations
in the concentration of the drug. Nanoparticle based
systemshave provento be very effective for delivery of
adenoviruses, proteins and siRNA The use of
nanoparticles has also been demonstrated for
applications such as in vitro diagnosticsand in vivo
imaging Moreover, enhancement of therapeutic
techniquessuchasX-ray treatment by gold-nanoparticles
and hyperthermiawith magneticnanoparticleshas also
beenachieved[1]. Furthermore,theranosticapplications
have been proposedwhere diagnosticand therapeutic
actions are simultaneouslyemployed [2]. For example,
liposomes enclosing quantumdots and the cytotoxic
drug doxorubicin, have been used for imaging and
treatment of tumors [3]. Apart from drug delivery and
diagnostics,nanoparticleshave also been used in the
design of novel biomaterials for tissue engineering
applicationq1].

Typesof nanoparticles

Based on the materials used nanoparticles may be
classified as (a) lipid-based nanoparticles such as
liposomes micelles, (b) polymerbased nanoparticulate
dendrimers hydrogels polymerosomes made of
polylacticacid, poly-caprolactone poly-(ethyleneglycol),
polylacticcoglycolic acid etc. (c) metaktbased
nanoparticlesmade of gold, silver etc. (d) metaloxide
nanoparticlesmadeof iron oxide, silica,titania etc. [1, 4].
In addition to these classesthere are several hybrid
nanoparticulatesystemssuchasliposomesandhydrogels
that encapsulatequantumdots or adenovirusesas well
as coreshell nanoparticleswith a metal core and a
polymershell[2, 3, 5]. Targetingof the nanoparticlesto
specific tissue/cells is achieved by conjugation with
ligandssuchas antibodiesand adhesivepeptideswhich
bind specificallyto cell surfacereceptors[4]. Newreports
of novel nanomaterials with more varied biomedical
applications continue to appear in scientific literature
with increasedrequency

SameerJadhay PhD (Johns Hopkins U.)
Assistant Professor,
Department of Chemical Engineering, Indian Institute of Technology Bomba:
Powai, Mumbai 400076.
Email: srjadhav@che.iitb.ac.in

Barriersto nanoparticleuptake

Theroute of drug administrationis critical for the design
of nanocarriers There is a need for strategies to

overcomephysicalbarriersto transport of nanoparticles
suchasthe skinin transdermalroute, endotheliumin the

case of vascular delivery and epithelium for gastro

intestinal and respiratory administration[6]. The mucus
lining the enteric route is the first obstacle to

nanoparticle transport, and maybe circumvented by
alternatingarraysof positiveand negativechargeson the

nanoparticles[7]. Rapidclearanceof nanoparticlesfrom

the blood and lymphatic vessels by the reticulo-

endothelialsystemhasbeeninhibited by poly-electrolyte
brushesgrafted on the nanoparticlesurface In the case
of drugsadministeredto the central nervoussystem,a
possiblestrategyto breachthe blood-brain barrier may
be via caveolaemediated transcytosis[8]. To enhance
nanoparticle transport through solid tissues such as
tumors, it has been suggestedthat the permeability of

the extracellulammatrix maybe increased9].

M echanismof nanoparticleuptake

Basedon the nature of target cellsand their responseto
the nanocarriers cellular uptake of nanoparticles is
primarily accomplished by either phagocytosis or
pinocytosis(Fig 1). Duringphagocytosivariousopsonins
suchas immunoglobulinsand complementcomponents
from the blood plasma adsorb on the nanoparticle
surface which are then recognized by receptors on
phagocyticleukocytes[10]. This receptorbinding and
clusteringleadsto signaltransductionmediatedby small
GTPasesnd their downstreameffectors which regulate
the local reorganization of the actin cytoskeleton
beneath bound nanoparticles The resulting membrane
protrusions engulf the nanoparticlesinto phagosomes
whichare activelytransportedinto the cell[10].

In contrastto phagocytosisvhichis limited to certaincell
types, pinocytosisis carried out by almostall cell types
The pinocytic pathways primarily consist of clathrin-
mediated endocytosis caveolaemediated endocytosis
and macropinocytosi$ll]. Receptordependentclathrin
mediated endocytosis is initiated by receptorligand
clathrin-rich membraneregionsform clathrin-coatedpits
which then close at the mouth to form vesicles These
vesiclesare subsequentlytransported into the cell and
end up in lysosomes A similar vesicle formation by
clathrin cagesis also observedin the caseof receptor
independentclathrinrmediatedendocytosis



Figurel. Nanoparticleuptake by biological cells

(A) Opsonization and phagocytosis of nanopatrticles, (B)
receptor dependent or independent clathrin-mediated
pinocytosis (C) caveolaemediated pinocytosis and, (D)
macropinocytosis

Caveolaanediated endocytosisis observed particularly
in endothelialcells, smooth musclecellsand fibroblasts
Caveolaeare membrane invaginations, lined by the
dimeric  protein,  caveolin Caveolaenediated
endocytosisresults in transport to caveosomethereby
avoiding the acid degradation typically observed in
lysosomes[10]. Macropinocytosisis another pinocytic
process whereby the large membrane protrusions
envelope contents at the cell surface leading to
formation of macropinosomeswhich are speculatedto
subsequentlyffusewith lysosomeg11].

Nanoparticleinteractionswith host cells

To assessthe biocompatibility of nanoparticlesit is
typically recommended that they do not exhibit
hemolytic activity, thrombogenicity and complement
activation [12]. Hemolytic activity is a measureof the

ability of a foreign body to induce rupture of the

erythrocyte plasmamembrane Thrombogenicityis the

property of the foreign material to initiate platelet
aggregationleadingto blood coagulation Complement
activation is the mechanism by which the immune
systemof the host respondsto "non-self' materialsvia
leukocyteaction. The nanoparticlesmay directly interact
with the respective cells or through adsorbed plasma
proteins that may result in the activation of
thrombogenicor inflammatory processes Nanopatrticle
sizeand shapehavebeenshownto influencethe kinetics
of their uptake by variouscells, with sizesbetween 25

75nm and spherical nanoparticles exhibiting faster
uptake rates [11]. Surfacechargeand hydrophobicityof

nanoparticleshasbeen known to supporttheir adhesive
interactionswith plasmaproteins, cellssurfacereceptors
aswell asthe cell plasmamembrane[12, 13]. Grafting
neutral and hydrophilic polymerssuchas poly (ethylene
glycol)on nanoparticleshas been shownto significantly
reduce their non-specificbinding to cells and proteins

Polymergrafted nanoparticle interactions with cells or

plasma proteins are very sensitiveto polymer charge,
size and configuration For instance, in contrast to

dendrimers of neutral polymers, those comprising of

cationic polymers were found to disrupt the plasma
membrane [13]. Studies also demonstrated that

disruptionof lipid bilayersby cationicparticles occurs

regardlesf shape chemicalcomposition,deformability,
chargedensity, or size[11]. It has been reported that
nanoparticlescauselocal surfacereconstructionof lipid
bilayers Specifically,a local gelation was observedon
binding of anionic nanoparticlesto a fluid lipid bilayer,
while positivelychargednanoparticlesnducedfluidity in
getlphasebilayers[14].

Forcesat the nano-bio interphase

In order to gain a better understandingof nanopatrticle
adhesiveinteractionswith cells,it isimportant to obtain
guantitative estimatesof the Van der Waals, solvation
depletion and electrostatic forces that act between
nanoparticlesand the cells (Fig 2). The adhesiveforces
between nanoparticlesand specificcell types havebeen
shown to be modulated by the presence of certain
plasmaproteins [15]. Thereforeit is also necessaryto
qguantify the forcesthat act between nanoparticlesand
absorbed proteins as well as those acting between
adsorbed plasma proteins and cell surface receptors
Theseinteractions at single macromoleculelevel have
been measured using atomic force microscopy(AFM)
[16]. While scanningprobe microscopyenabledimaging
the orientation of nanoparticleson cell surfaces,time
lapse AFM has been used to estimate the rate of
nanoparticleinternalizationfrom the cell surface Using
these techniques, it has been reported that
functionalized nanoparticle uptake at the surface is
significantly faster than that of non-functionalized
nanoparticles [17]. Simultaneous imaging and force
measurementdavealsobeen carriedout to understand
the spatialvariation of receptor densityand nanoparticle
adhesiveinteractionsat the cell surface[18]. Usinglaser
scanningconfocalmicroscopyand AFMit wasshownthat
nanoparticleswith random distribution of hydrophobic
patches ended up in lysosomes In contrast sub
nanometer patterned arrangementof the hydrophobic
patchesledto their penetrationof the plasmamembrane
without bilayerdisruption[19].

Figure?2. Forcesrelevant to nanoparticlecell interactions. (A)
Van der Waals (electrodynamig attraction, (B) electrostatic
attraction or repulsion, (C)steric repulsionbetween polymer
brush on nanoparticle and cell surface glycocalyx (D)
hydrophobic attraction between nanoparticle and protein
(opsonin) and, (E)depletion attraction due to exclusion of
large moleculesnearthe cell surface



