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ABSTRACT

Many chemicals are continuously being screened as antitumor agents. Ad-
vances have been made to envisage site-specific delivery of chemothera-
peutic drugs which can effectively reduce problems associated with drug
resistance and toxicity. Tremendous progress has been madein the exploita-
tion of the photothermal properties of gold nanoparticles in therapeutics.
Nanoparticles of gold, which are in the size range 10-100nm, undergo a
plasmon resonance with light. Thisisa process whereby the electrons of the
gold resonate in response to incoming radiation causing them to both ab-
sorb and scatter light. This effect can be harnessed to either destroy tissue
by local heating or release payload molecules of therapeutic importance.
Gold nanoparticles can also be conjugated to biologically active moieties,
providing possibilities for targeting to particular tissues. We describe the
recent studies regarding synthesis and use of such metal nanoparticles for
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early cancer detection and treatment.
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INTRODUCTION

One of the most important properties of gold
nanoparticleswhich makethem agentsof choiceinde-
tectionand trestment of cancer istheir biocompatibility.
Sincethetraditiona systemsof medicine, colloida gold
has been successfully used for rgf uvenation especially
in the old age under the name “Swarna Bhasma”
(swarna=gold, bhasma=ash). Owing to its non-toxic
nature, itisinuseinAyurveda Gold nanoparticleshave
avery largesurfaceareato volumeratio. Hencealarge
amount of drug can beloaded onasinglenanoparticle.
Surface modifications can be carried out in order to
attach organic compounds such asdrugs, peptidesand

antibodiesto these nanoparticles. Gold nanoparticles
also have anti-angiogenic properties. They inhibit the
function of certain heparin binding growth factors. Thus,
these nanoparticlesa one can alsoinduce apoptosi S,
Ease of characterizationisanother advantagethat these
nanoparticles provide. Characterization can bedone
using avariety of techniques such aselectron micros-
copy, atomic forcemicroscopy[ AFM], dynamic light
scattering[ DL S], X-ray photoel ectron spectroscopy
[XPS], powder x-ray diffractometry[ XRD], and fourier
transforminfrared spectroscopy[FTIR].

Synthesis
A magjor hindrancein achieving stableandfeasible


mailto:libranush@hotmail.com,
mailto:mints_16j@yahoo.co.in

NSNTAIJ, 2(2-3) December 2008

Anushree Kishor Herwadkar et al. 49

drug delivery systems has been synthesis of colloidal
gold and characterization of theparticles zesand shapes.
Oncean optimum sizedistribution isobtained, these
nanoparticles can be used as stable suspensionsowing
tother interaction with solventsin spite of differences
inthedensties. Thesmplemethodsinvolved reduction
of anagueoussolution of chloroauricacid (HAUCI ) in
the presence of areducing agent. The mixture cons st-
ing of agold solution and thereducing agent isheated.
The solutionisthen quenched and astabilizing agent is
addingwhilecongtantly stirringthemixture ASAU* ions
arereduced (detected by achangein colour), subnano
metric particlesstabilized € ectrochemica ly by adsorp-
tion of thestabilizing agent ariseinthe solution. This
was first demonstrated by Turkevich et a in 19511
who synthesized monodisperse spherical gold
nanoparticles of sizerange about 10-20nm. Sodium
tricitratewas used asthereducing aswe | asstabilizing
agent to prevent agglomeration by caus ng surfacecharge
repulsion by the negative citrateions. The diameter of
the gold nanoparticleswasfound to beinversely pro-
portional to theamount of citrateions.

Thisbas cconcept for the synthesishasbeenmain-
tained but few modificationshave beenincluded to over-
comecertan demeritsof themethod. Gold nanoparticles
used as sensorsor targeting agentswith ligandshaveto
be biocompatible. Thisconcept was materialized by
A.Sugunan® and his coworker who found that amino
acidswith acidic functional groups could be used to
synthesize biocompatiblenanoparticles. Thesynthes's
was doneusing monosodi um glutamatein varying pro-
portionsand theresultant productswere characterized
using transmission e ectron microscopy (TEM) and dud
beam spectrophotometry (operating between 350-
1000nmrange). Theresultsindicating ared shift and a
blue shift respectively suggested that at molar concen-
trationsof above3for theaminoacid, large, nonsphericd
nanoparticleswere obtained duerapid crystal growth.
On the other hand, anisotropic crystalswere obtained
at molar concentrationsbelow 3. These nanoparticles
ranged from 14.5nm to 24nm for molar ratio of mono-
sodium glutamateto chloroauric acid of 10:2.

Another method devel oped by Brust and Schiffrin
intheearly 1990sinvolves synthesisin atwo-phase
system of water and immiscible organic solvents. Gold
nanoparticlesaround 5-6nmin sizewereobtainedina
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system of water and toluene. Tetraoctylammonium bro-
mide (TOAB) was used as a phase transfer catalyst,
while sodium borohydride (NaBH,) wasused asare-
ducing agent. Inorder toincreasethestability of sucha
suspension, the stabilization by TOAB can be aug-
mented by including dkanethiols. Thethiol groupsco-
vaently bond with the gold nanoparticleand thus, pre-
vent precipitation. Dueto presence of astronger stabi-
lizing agent (thial), such adispersion can be purified
further, dried, stored and redispersed whenever re-
quired. Asaresult, suspensonswith lower rate of sedi-
mentation can be obtained. Theonly drawback inthe
use of anon-aqueous solvent istheapplication in solu-
tion-based diagnostic and therapeutic vehicles.

Oneof the novel techniquesfor synthesisdevel-
oped by A. Sugunan et a . providesthe same advan-
tagesasthat of the non-aqueous systems, but the tech-
niqueissimpler practically asit involves an aqueous
system. Theprind pleremainsthesame, inthat anamino
acid isused asareducing agent, but the mechanism of
gabilizationisdifferent. Instead of screening of charges
on thenanoparticle by adsorption of negatively charged
ions, steric hindrance dueto adsorption of abio-poly-
mer caled ‘chitosan’ preventsaggregation. Chitosanis
apolycationic polymer and cons stsof numerousunat-
tached amines. Theentiremol eculewrapsaround each
gold nanoparticleand hence, prevents agglomeration.
Such asuspension can thus, be preserved for months.
Theuseof chitosan asastabilizing agent increasesthe
rate of reduction and resultsin polydisperse nanopar
ticlesof sze~10nm.

Sonochemica reduction™ involvesultrasoundirra
diation of an agueous solution of gold in presence of
glucose or cyclodextrin. Surfactants such assodium
dodecyl sulfateor polyethyleneglycol monostearate can
beincluded. Theseact asstabilizing agentsand in addi-
tion also help in generation of the pyrolysisradicals.
Thismethod of synthesiscanyield nanoparticlesand
nanoribbonsof width 30-50nmwith auniformsizedis-
tribution.

Properties

For bulk materid sinthemicroscal e, the number of
atomsonthesurfaceisnegligiblecomparedtothosein
thebulk of thematerid. However, thistrend changesas
one approachesthe nanoscale. In the case of nanopar
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ticles, surface propertiesare dominant. For example,
gold nanoparticlessmaller than 50nm aretoo hard to
exhibit mdlesbility and ductility. Theopticd properties®
of thegold nanoparticleswhich causethem to absorb
aswell asscatter radiation aremost exploited in medi-
ca research. Themolecular imaging and photothermal
therapy using metal nanoparticlesisbased on the con-
cept of plasmon resonance (aplasmonisahybrid of
the dectron plasma(in ametal or semiconductor) and
aphoton). Plasmon resonanceisacollectiveoscillation
of alargenumber of free el ectronsat optical frequen-
cies. Bdow the plasmon resonancefrequency, incident
light isreflected asthe electronsin the metal screen
shiddthedectricfidd of thelight. Ontheother hand, a
higher frequenciesthe el ectrons cannot respond fast
enough and theincident radiationistransmitted. Thus,
aproportion of incident light is scattered and above a
threshold of luminescence, considerableamount of heat
is generated due to absorption. In case of gold
nanospheres, plasmon resonance occurs at awave-
length of 520nm, considerably larger ascompared to
theparticlesize. Thegenerated heat isdissipated tothe
surrounding resulting inariseintemperature.

A.Govorov and H.Richardson™ observed that such
hyperthermiain opticaly stimul ated gold nanoparticles
isinfluenced by the particlesize, particleinteractions
and dengity. Nanorodsand nanoshdllsof gold with plas-
mon frequencies of 650-900nm (red shift) have been
devel oped to reduce absorption by the biological flu-
ids. It can be confirmed that an accumul ative effect by
addition of heat fluxes of numerousgold nanoparticles
generatesahigher temperaturethan expected within-
dividua nanoparticles (1000 times). The proximity of
two nanoparticles can a so causeanincrease or ade-
creasein heat dissipation asaresult of thepartial screen-
ing of theelectric fiel dsinsdethe nanoparticles.

The application of these principlesto molecular
imaging and photothermal therapy is pragmatic only
whentheamount of heat generated by gold nanoparticles
can bequantified. Thishasbeendoneby observations
of heating effectslike phasetrangtionsin the surround-
ings, for example, changein chain length of apolymer
or melting of ice embedded with such nanoparticlesd.

Targeting of gold nanoparticles
Gold nanoparticlesare promising agentsin detec-
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tion and treatment of cancer. One of the mgjor prob-
lemsin cancer treestment istargetingthedrug to thesite
of action. A disadvantage of many drug based thera-
piesisthat the compound doesnot locaizeto thetarget
site but is widely dispersed. Treatments based on
nanoparticlesinvolveslocalizing the thergpeutic agent
by either passive targeting, where the body concen-
tratesinert nanoparticlesor by activetargeting, where
functiona modification of the surface of thegold par-
ticleenhancesthethergpeutic ddivery sysem resulting
ingpecifictissuetargeting.

Passivetargeting

Gold nanoparticles can be designed such that they
can passfredythrough al other organsinthebiologica
system, but are big enough to beretained by theliver
and the spleen. Thisproperty canbeusedintheradio
therapeutictrestment of liver cancers. Since, it waspro-
posed that tumor vascul aturesare more permegbl e than
that of healthy tissues gold nanoparticles can be accu-
mulated passively!®. Thenanoparticlespassthroughthe
tumour vascul atureand get deposited in the surround-
ing tumor tissues. Thisphenomenonisaso called ex-
travasation.

Activetargeting

Passvetargeting rdieson s ze-specificfiltration for
concentration of nanoparticles A morespecific gpproach
would beto modify the surface of nanoparticlesby con-
jugating it with an antibody or ligand® with an affinity
for thedesired target. Thelimitationsof thisapproach
would include non-specificbinding and potentia acti-
vation of thehost immunesystem. Theinteractionswith
the immune system can be reduced by coating the
nanoparticleswith aself assembled layer of thiolated
PEG (poly-ethyleneglycal) or liposome, rendering the
surfaces of these particlesinert with respect to protein
absorption. However, thiscan also lead to the particle
losing itsaffinity to bind to specific receptors.

Once the gold nanoparticles are concentrated at
thedesired site, they can be activated by absorption of
radiations of adesired wavelength. Depending onthe
design of theparticle, thiswould lead tolocdized gen-
eration of heat or localized rel ease of chemicals. Addi-
tionally, theattached gold nanoparticles can beused to
track orimagecdlls.

o T Ponal, e ——————
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Cancer detection

Many cancer cellshaveaprotein, known asepi-
dermal growth factor receptor (EFGR), all over their
surface, whileheglthy cellstypicaly donot expressthis
protein strongly. When gold nanoparti cles are conju-
gated with an antibody for the EFGR (anti —EFGR),
they can bemadeto concentrate near the cancer cdll9.

If conjugated nanoparticle solution is added to
healthy cellsand cancerouscells, the cancer cellscan
be detected asashining particleunder asmplemicro-
scope and thereby, can bedifferentiated from thehedthy
cells. It isfound that gold nanoparticleshave 600 per-
cent greater affinity for cancer cellsthan for non can-
cerouscells. Thistechnique hasadvantagesinthat it
requiresonly asmple, inexpens vemicroscopeto view
theresults. Also, theresultsareinstantaneous and the
techniqueisnot toxicto human cdlls.

Cancer treatment
1. Release of payload at alocalized tumor tissue

Theproperty of plasmon resonance alongwith the
heeting effect of metd nanoparticlescanbeexploitedin
cancer therapy by first attaching the nanoparticlestoa
‘biolinker’ (for example, an antibody to the epidermal
growth factor receptor present on tumor cellsaone).
Oncethegold nanoparticleshome-in onthetumor cdls,
afar infra-red sauna can be used to promote hyper-
thermia. Owing to their disorganized vascul ature, tu-
mor cellsfaceadifficulty in heat dissipation and un-
dergo apoptosis. Sincethebiolinker isspecific to the
cancerouscells, the healthy tissues of the body remain
unaffected. Evenif gpoptosisdoesnot occur, thetumor
cells can be sensitized to subsequent radiations and
chemotheragpies.

Thetherapeutic payload can aso bedelivered by
temperatureinduced swelling of polymeric nanopartides.
Most of the drugson distributioninto various cellular
compartments are entrapped by the endosomeswhich
destroy considerableamount of thedrug. Earlier stud-
iesinvolved use of amixture of poly(ethyleneimine)
(PEI) and Pluronic F-127 toddliver genesto thecell9.
A 40-fold increasein thevolumewas observed on a
temperaturedrop from 33°C to 24°C leading to arup-
ture of theendosomesand rel ease of the payload. Iden-
tical temperature sensitive nanoparticles with gold
nanoparticlesand Pluronic F-127 are being analyzed
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for asimilar responseto atemperature drop. Dueto
incorporation of gold, stability to the physical turbu-
lenceintheblood stream can beobtaned. Also, ligands
with specific chemistry can be attached to the outer
capsuleof goldfor targeting tumor cells. Another novel
delivery techniquecdled ‘smart bombs’™? involvesthe
use of temperature-dependent and pH-dependent
nanoparticles. Theresearch focuses on therel ease of
the chemotherapeutic agentswithout anincreaseintem-
peraturewnhich could otherwiseharm hedlthy cdllsa so.
Gold nanoparticleswith alower consolutetemperature
(LCST) lower than the body temperature (37°C) at the
physiological pH 7.4 have been formulated. Here, the
fact that at acidic pH, thereisafurther decreaseinthe
LCST was applied. Since, the pH at the cancer cells
(siteof action) isacidic, precipitation occurs and the
nanocapsul e breaks apart releasing the payload as a
sngleburst.

2. Increase in bioavailabity of antisense cancer
drugs

Antisense drugs are agents which prevent genes
from producing harmful proteins, such asthose that
cause cancer. However, the pace of development of
thesedrugs hasbeen dow. A mgor challenge hasbeen
ddivering antisensedrugsto cdllsins dethebody while
avoiding their breakdown a ong the way. When mul-
tiplestrands of antisense- DNA areattached to the sur-
face of a gold nanoparticle, forming a antisense
nanoparticle', the DNA becomesmorestable. It can
bind tothetarget messenger RNA moreeffectively than
thefreeantisense-DNA aone(likeincommercid agents
such asLipofectamineand Cytofectin). Other advan-
tagesarethat these complexesareless susceptibleto
degradation, possess|esstoxicity and aremorereadily
absorbed by the cells, exhibiting greater than 99 % up-
take. Onceinsdethe cdlsthe DNA - nanoparticle com-
plexesact as messenger RNA “sponges” that bind to
their targetsand prevent them from being converted to
cancer causing proteins. Thegold nanoparticle- DNA
complex isaso moreeffectivein decreasing cancer gene
expression and protein production.

3. Enhanced apoptosis

[3-Chronic Lymphocytic Leukemiaisprimarily char-
acterized by apoptosisresistance. A VEGF (vascular
endothelia growth factor) pathway causes apoptosis
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resistanceinthesecells. Thisisclearly demonstrated
by the fact that addition of VEGF to cellsresultsin
Increasesin anti-gpoptotic proteins. Also, recombinant
V GEF165 can rescue BCLL cellsfrom spontaneous
and druginduced apoptoss. Thus, anti-VEGF antibodies
(AbVF) arehdpful in causing gpoptosis. However, high
amount of antibody has only a moderate effect in
gpoptosis. Theseantibodies can be conjugated with gold
nanoparticles. Preclinica studieswere carried out with
BCLL cellsisolated directly from patientsblood™. It
was found that gold nanoparticle-AbVF conjugation
leadsto significantly high apoptosiscomparedto gold
or AbVF aone. Thereason proposed was this obser-
vationwasas gnificant down regul ation of anti-gpoptotic
proteinsingold-AbV Ftreated cells.

4. Prevention of angiogenesis

Angiogenesis, theformation of new blood vessals
isessentia for formation and growth of tumors. Vascu-
lar endothelia growth factor/vascular permeability fac-
tor (VEGF/VPF) and basic fibroblast growth factor
(bFGF) aretwo critical cytokinesfor theinduction of
angiogeness. Gold nanoparticleshaveanintrinsc prop-
erty whereby they can bind to thesefactorsand inhibit
their activity. Gold nanoparticlesspecifically bind tothe
vascular permesbility factor/vascular endothdid growth
factor (VPF/VEGF)-165 and basic fibroblast growth
factor, two endothelial cell mitogens and mediators of
angiogenesisresultingininhibitionof endothdid/fibro-
blast cell proliferationinvitro and VEGF-induced per-
meability aswell as angiogenesisin vivo™?. In con-
trast, it was found gold nanoparticlesdid not inhibit
VEGF-121 or epidermal growth factor, two non-hep-
arinbinding growth factors, mediated cell proliferation.
Gold nanoparticlessignificantly inhibited V EGF recep-
tor-2 phosphorylation, intrace lular calclumrelease, and
migrationinvitro*3. Thus, gold nanoparticleshavea
novel property to bind to heparin binding proteinsand
thereby inhibit their subsequent sgnaling eventg*3.

CONCLUSION

Thuswe can concludethat gold nanoparticlescan
be synthesi zed in both agueous and non-aqueous me-
diawithacontrol over their particleszeand szedistri-
bution. They are biocompati ble and when conjugated
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with suitablebiomoleculescan beusedfor targeted drug

ddivery. Theinvitroandinvivo studiesreveal aprom-

ising futurein research concerning gold nanoparticles.
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