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ABSTRACT

Gold nanoparticles have immense potential for cad@gnosis and therapy on acount of their lighgaaption
and scattering. Conjugation of gold nanopartickesNPs) to ligands specifically targeted to biomasken cancer cells
allows molecular-specific imaging and detectiorcaficer. The development of smart AUNPs that caneteherapeutics
at a sustained rate directly to cancer cells mayige better efficacy and lower toxicity for treadicancer tumors. Using
targeted nanoparticles to deliver chemotherapag@nts in cancer therapy offers many advantagespmve drug/gene
delivery and to overcome many problems associati#gkd @onventional chemotherapy. AuNPs efficientlyneert the

absorbed light into localized heat, which can bgl@ied for the selective laser photothermal thgrafcancer.
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INTRODUCTION

Cancer Image

Targeted therapies are a major focus of canceraregsetoday. With recent advances of nanotechnology,
nanoparticle-based targeted drug delivery, espged@l cancer therapies, has attracted increaditggtéon in the past two
decades. Nanoparticles have several advantagésrd@ted drug delivery. First, they are small iesind can escape the
uptake of mononuclear phagocytic system (MPS) d¢elthe blood and organs. Second, the advantagesrafr targeting
and controlled drug release often result in inaedaberapeutic efficacy of the antitumor agents, waakened side effects
[1], whereas most free anticancer drugsare takenomgpecifically by all types of cells, resulting serious side-effects.
In addition, noble metal nanoparticles are pardéidyl well-suited for crossing various biologicalrbars, such as leaky
vasculature. This approach uses the unique prepedi the tumor microenvironment, most notably: |¢aky tumor
vasculature, which is highly permeable to macromuies relative to normal tissue; and (ii) a dystiomal lymphatic
drainage system, which results in enhanced fluténteon in the tumor interstitial space [2]. As esult of these
characteristics, the concentration of polymericapamticles and macromolecular assembliesfoundrotuissues can be

up to 100x higher than those in normal tissue [2].

The lymph system of tumours is poorly operationatl anacromolecules leaking from the blood vessels
accumulate - a phenomenon known as “enhanced pbiliheand retention (EPR) effect” [3]. It has beshown that
entities in the order of hundreds of nanometreiie san leak out of the blood vessels and accumuléthin tumours.
However, large macromolecules or nanoparticlesccbalve limited diffusion in the extracellular spddé Experiments
from animal models suggest that sub-150 nm, neatrslightly negatively or positively charged eietst can move through
tumour tissue [5,6]. However these nanoparticldshairestricted from exiting normal vasculaturdeaftrequires sizes less

than 1-2 nm); however they will still be able texess the liver, as entities up to 100-150 nm imdiar are able to do so.
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2 Ignac Capek

Although proliferating endothelial cells are a coomrhallmark of angiogenic microvascular sproutsgesive
sprouts can grow for periods of time, mainly by thigration of endothelial cells [7]. Physiologi@lgiogenesis is distinct
from arteriogenesis and lymphangiogenesis and sdoureproduction, development and wound repais itsually focal,
such as in blood coagulation in a wound, and $mitéd in time, taking days (ovulation), weeks (wduhealing) or
months (placentation). By contrast, pathologicajiagenesis can persist for years. Pathologicalogagiesis is necessary
for tumours and their metastases to grow beyondceoatopic size and it can give rise to bleediragoular leakage and
tissue destruction. These consequences of patlkaloghgiogenesis can be responsible, directly dirgotly, for the
symptoms, incapacitation or death associated withoad range of ‘angiogenesis-dependent disea8psEkamples of
such diseases include cancer, autoimmune disespeselated macular degeneration and atherosdefdsese molecules
regulate the proliferative and invasive activitytbé endothelial cells that line blood vessels. 8afthe most prominent
angiogenesis stimulatory molecules include vascetatothelial growth factor (VEGF), basic fibroblagbwth factor,

platelet-derived growth factor and certain matristatioproteinases (Figure 1).
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Figure 1

Figure 1.| Angiogenesis and vascularization medmasii tumour expression (1) of an angiogenic facar,
angiogenic factor after its secretion from a tumand an endothelial cell receptor. VEGF (2), vaacahdothelial growth
factor. Continued tumor development beyond diffadimited maximal size. In (B), the angiogenic sskithas occured
creating an imbalance of positive to negative ragus causing endothelial cell proliferation andgration. These
endothelial cells (4) form a vessel which extermsards the tumor and provides nutrients to sustalhproliferation.
A fully vascularized tumor is capable of continugdbwth with metastatic potential due to the proxynto the blood
stream (3) [9, 10].

Angiogenesis and vascularization are well-chargdrfor tumors [11]. In tumors, blood vessel wdllscome
leaky because of defective vascular architectinduding poorly aligned endothelial cells with witlnestrations and a

lack of a smooth muscle layer. These propertiesltréom rapid angiogenesis or vascularization biseatumor cells
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develop so fast and demand a large supply of misriand oxygen [12]. The vascular permeabilityushor tissues can
also be enhanced by the actions of secreted factach as kinin and vascular endothelial growth diact
[13, 14].Furthermore, tumor tissues usually ladective lymphatic drainage. Therefore, macromolesur leukocytes
can be drained through the leaky blood vesselsangtained. This phenomenon was defined as ERRt¢H, 15]. As a

result of such increased vascular permeabilitytigias ranging from 50 to 500 nm in size can bedelely delivered to

tumor tissue [16, 17]. When these particles ardddawith anticancer drugs, the therapeutics coelddbectively delivered
to the tumor tissue [18]. In contrast, very smalhoparticles (<20-30 nm in diameter) can easilysghsough the leaky
capillary wall in the tumor but can also be retatne circulating blood by diffusion [19]. Thereforemall particles have
good permeability but poor retention. However, raffenjugation with a targeting ligand, their retentin the tumor could

be greatly enhanced [20]. For tumor targeted drelivery systems, EPR-effect is now widely accepasda guiding

principle [21].

Nanoscale gold particles show great potential aggthermal therapy agents. At sizes larger thammb the
general assumption is that gold is chemically ihi&e the bulk. However, the chemical reactivity gdld particles for
diameters less than 3 nm is most likely differdraint both organogold complexes [22]and larger galdoparticles [23].
It was found that 50 nm transferrin-coated goldapenticles were taken up by mammalian cells atdrightes and extents
compared to smaller and larger sizes in the rafig®-6100 nm [24]. The explanation of this optimakswas based on the
so-called wrapping effect”, which describes howellular membrane encloses nanoparticles. Two factictate how fast
and how many nanoparticles enter the cellular cotnpEnt via ,wrapping“: the first is the free enerthat results from
ligand—receptor interaction; the second is theptreadiffusion kinetics onto the wrapping sitestba cellular membrane.
Considering the contribution of these factors asthgt mathematical calculations, [25]suggested tiaaioparticles with

27-30 nm diameter would have that fastest wrapfiing and thus the fastest receptor-mediated endsisyt
Nanoparticle Conjugates

Nanoparticles that are sterically stabilized (feample by poly(ethylene glycol) (PEG) polymers bait surface)
and have surface charges that are either sligletative or slightly positive tend to have minimalfsself and self—non-
self interactions. Also, the inside surface of blogessels and the surface of cells contain manwtiedy charged
components, which would repel negatively chargembparticles. As the surface charge becomes laegief positive or
negative), macrophage scavenging is increased amdékad to greater clearance by the reticulo-erdiatrsystem. Thus,
minimizing nonspecific interactions via steric stahtion and control of surface charge helps tevent nanoparticle loss

to undesired locations.

Gold nanoparticles with their ,special“ surface etigtries/arrangements can enter cells by direcefpation[26].
AuNPs (~5 nm) decorated with two capping molec(gasonic and hydrophobic, with alternating posiam the surface)
enter the cells directly (endocytosis-independeiityg without destruction to the cell membrane naation similar to the
cell-penetrating peptides. The gold nanopartictesable to enter cells and are trapped in vesiblatsare not able to enter
the nucleus [27]. Using TEM, Nativo et al. showénhtt16 nm citrate-capped gold nanoparticles enddis ceadily
(incubation time 2 h) and are trapped into endosoribey did not find free nanoparticles in the egloor the nucleus.
However, they were able to deliver the nanopasidte the cytosol and nucleus by modifying theseoparticles with
cell-penetrating and nuclear-localizing peptide8][AuNPs with especially surface functionalizeghresent smart and

promising candidates in the drug delivery applamadi due to their unique dimensions, tunable funelibes on the
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4 Ignac Capek

surface and controlled drug release [29].Biolodycalynthesized and functionalized, AuNPs providenynaesirable

attributes for use as carriers in drug deliverytays as the functionalized AuNP core is essentiaéiyt and nontoxic [30].

Due to a straightforward synthesis, stability, a@@se of incorporation of functional groups for &digg
capabilities, gold nanomaterials have great apjpticain gene, drug and protein delivery, biologidalaging, cancer
treatments, and in implants [31]. Particles withder circulation times, and hence greater abibityarget to the site of
interest, should be 100 nm or less in diameterhane a hydrophilic surface in order to reduce eleee by macrophages
[32]. Coatings of hydrophilic polymers can createl@ud of chains at the particle surface which wéfbel plasma proteins

and work in this area began by adsorbing surfastanthe nanoparticles surface.

Polymeric nanoshells consist of diblock copolymtitat can be assembled into a gold composite steictn
general, nanoshells are made by self-assembly pbsifely charged polymers covering the surfacehef drug NPs.
Therefore, the drug release rate is controlledheyahemistry of the polymers and the diffusion fioeit through the
polymeric layer. For example, nanoshells encapsgiatdoxorubicin have been synthesized using amjidph
tercopolymer based on polyacrylamide and undeceamit derivatives that can trigger intracellulaxdubicin release at
pH 6.6. Furthermore, these composite nanopartpbssess a highly tunable plasmon resonance medigitéte size of
the core and the thickness of the shell, whichuim tdetermines their absorbing and scattering ptigseover a broad
range of the spectrum from the near-ultravioleth® mid-infrared [33]. Au nanoshells have been tgpead for in vivo
photothermal therapy using near-infrared light. damhnoshell particles with a magnetic core have laéen developed for
controlled release of 5-fluorouracil [34]. The candiion of magnetic particle domains with a drugagsulated
biodegradable polymer allows for particle targetiogspecific sites of the body in response to arereslly applied

magnetic field.

Target cell-specific aptamers have the potentiabéove as molecular probes for specific recognitidrthe
cancerous cells, but unfortunately, aptamers has@kvbinding affinity and thus gives low signal imlecular imaging,
limiting their ability for highly sensitive detecth of cancer cells [35]. Conjugating aptamers tooparticles has shown to
result in more efficient targeted therapeutics eleive diagnostics than nontargeted NPs. Farakietaal. have
developed NP-aptamer (NP-Apt) conjugates that tathe prostate specific membrane antigen (PSMA)],$36
transmembrane protein that is upregulated in a&#adf cancers, using the A10 aptamer. This fortiaishas been further
evaluated in vivo in a tumor model of LNCaP prasteancer cells, which express PSMA antigens, andéan shown to
regress tumor size effectively [36(38]. These arghm@mve also shown that deocetaxel delivered ukimdNP-Apt is more
efficacious than nontargeted deocetaxel therapgalat et al.[37]has also demonstrated a novetesiyafor the targeted
delivery of anthracyclic agents including doxorubicdirectly to cancer cells through the formatiord an
aptamer-doxorubicin physical conjugate. Other ladrge also embraced the potential of NP-Apt techgiey including a
report of colometric assays to detect the presengdatelet-derived growth factor (PDGF) and itsaptor using AUNP-
Apt conjugates[38].

Specifically, gold nanoclusters of 1.4 nm have bebown to selectively and irreversibly bind to timajor
grooves of B-DNA and cause increased cytotoxicitgnpared to larger particles (18 nm). The lack tériaction of larger
particles with DNA is suggested to be due to stéif@rance. While gold nanoclusters may be vergatiffe cancer
treatments, healthy cells would also be affectetemg@lly causing toxicity [23, 39]. Similarly, Pagt al. studied the

size-dependent cytotoxicity of AuNPs (water solubled stabilized with triphenylphosphine derivatives several
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different cell lines. They discovered that nanotts of 1.4 nm exhibited increased cytotoxicitysgfC30 and 46 uM),
whereas nanoclusters of 0.8, 1.2, and 1.8 nm wfare to six-fold less toxic. Larger sizes (15 nnyhibited no

cytotoxicity even at high concentrations (6.3 mMY]. Moreover, Chithrani et al. examined the uptakd4, 50, and 74
nm sized citric acid ligand stabilized gold nandicées into HelLa cells and determined that 50-nresps were more
quickly taken up by endocytosis than both the senalhd larger sizes [24]. They further studiedrtite of exocytosis of
transferrin-coated gold nanoparticles and deterchitieat the rate of exocytosis was size-dependerth wwiore

accumulation of larger gold nanopatrticles in th# gEL]. When studying the effect of gold nanopeldi size after i.v.
injection of colloidal gold in mice, smaller patés (10-50 nm) were found to disperse quickly taat all tissues, mainly
accumulating in the liver, lungs, spleen, and kidnat 24 h post injection. Larger particles (10@-Bén) were found in the
liver, lungs, spleen, and kidneys, but they wereawwidely dispersed into other tissues as wegesthaller particles.
These studies concluded a size-dependent distibwtnd potential toxicity of smaller (< 50 nm) gatdnoparticles
[31, 42].

Surface Plasmon

Gold at the nanoscale can appear red, blue, goedirown according to their size and shape (FidyreThese
colors arise as a result from interaction of baedteons in the metallic nanoparticles with theidient light. Furthermore,
the optical cross-sections of AUNPs are typicadlyrfor five orders of magnitude higher than thokeamventional dyes
[43]. That is, AuNPs with a diameter of 40 nm havealculated molar absorption coefficieg)t¢f ~7.7 x 16 M™* cm* at a
wavelength maximum around 530 nm, four orders ofmitade larger than the extinction coefficient fondamine 6G
(e =1.2 x 16 M cmi* at 530 nm). Another interesting property of AUNPRS(surface plasmon resonance) is its sensitivity
to the local refractive index/dielectric constant the environment surrounding the nanoparticle auef [44].
The nanosphere plasmon resonance shifts to higheelengths with increasing refractive index of thedium. This
phenomenon has been explored in the sensing ofdbéeniar analytes by monitoring a change in the SRRelength
with the occurrence of an adsorption/binding earihe surface of silver or gold nanoparticles [#4¢ nanoparticle SPR
can also be redshifted by the self-assembly oregggion of particles [45].

The intense surface-plasmon-enhanced scattering dadnanoparticles makes them promising as oppicahes

and labels for imaging-based detection of cancers.

Depending on the gold nanoparticle’s size, shamel, surrounding medium, a relatively narrow range of
frequencies of incident light induce resonant catidm band electron oscillation. This resonanceaited the localized
surface plasmon resonance (LSPR), which occurshénvisible and near-infrared regime of the spectfomgold
nanoparticles, depending on their shape and siklifjdthe case of spherical nanoparticles, a singlasmon® band is
observed in the visible region. But, when the namtiges have an anisotropic shape (1D nanopaxtibh® plasmon
bands occur as a result of electron oscillatiom@lthe two axes [47]. The transverse “ plasmon kafngbld nanorods
occurs at ~520 nm, corresponding to electron @simh along the short axis of the particle; thegitudinal “plasmon
band at longer wavelengths is governed by the masdlength/width ratio (aspect ratio) (Figure Phe wavelength of the
longitudinal band can be tuned by controlling theehsions of the gold nanorods. Thus, it is possiol prepare
nanoparticles which absorb in the biological “watgmdow” of ~800-1200 nm. In this wavelength randew
chromophores absorb, background fluorescence is Water does not absorb, and thus light can paerettaeper in

biological tissues [48].These 1D nanoparticles @frelinical significance and contribute to the ptgsity of gold and
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6 Ignac Capek

silver nanorods for biomedical therapeutic/imagaygnts [49]. The strong light extinction (absomtand scattering) of
gold nanorods has been employed in various biorakdimaging applications. Furthermore, the depenéeoic the
plasmon band position on the degree of aggregaifothe nanoparticles and on the dielectric const#nthe local

environment forms the basis for chemical sensing gold nanoparticles[50].

Absorbance / a.u.

400 S(IJD 600 760 800 9(|)0 1000 1100
Wavelength / nm
Figure 2: Surface Plasmon Absorption Spectra of Gdl Spherical Nanoparticles (Solid Line) and
Nanorodsof Differentgpect Ratios (Dotted and Dashed Lines), Showing ti8ensitivity of the
Strong Longitudinal Band to the Aspect Ratios of te Nanorods
There are two current approaches, both of whichdywe structures with two tunable plasmon resonances

cylindrical nanoparticles, or nanorods, and dielectore-shell nanoparticles, or nanoshells [51].¥&® grow a thin,
homogeneous gold shell around a hematite particleréate a layered nanostructure with a shape krasva prolate
spheroid. Nanorice are special particles becausg tituly are hybrids, combining the tunable plasnpwoperties of
nanoshells with the high field focusing shape afarads in a single particle. The results indichtg plasmon tunability
arising from variation in the shell thickness is fi;ore geometrically sensitive than that arisirapfrvariation of the length

of the nanorice.

Nanoshells can be composed of various material, (@liga) core surrounded by a thin gold shell aill absorb
energy (heat up) when exposed to the appropriaieleagth of light. The near-infrared characteristigere chosen
because absorption by tissues is minimal and pai@irof the light is optimal at this wavelengthhernanoshells can
accumulate in implanted tumors. This can occur astitumor vasculature is “leaky” and will allowmasized particles to
penetrate into the tumor while normal tissue oraogy are not affected. The tumors are then illurethavith a
near-infrared diode laser to heat the tumor andeaellular destruction. By this protocol all thenbrs were ablated, and
the mice remained tumor-free for many months. prapriate settings, thermal ablation methods cbeldised to replace
surgical resection of tumors, and targeted thesapied immunotherapy as a substitute for toxic clieerapy. The
nanomedicinal methods being developed have a ghadce of achieving this goal with much less damagaormal

tissue than existing therapeutic protocols [52].

In addition to enhance all the radiative propersiesh as absorption and scattering, the field esdsmthe Raman
scattering of adjacent molecules because the Rambamsity is directly proportional to the squaretbé field intensity

imposed on the molecules [53]. This phenomenoerimied as surface enhanced Raman scattering (SERS)nduced
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field for the Raman enhancement is determined bypdrticle size, shape, composition and partidigtive orientation
and distance [54, 55]. This indicates that for égaRrman enhancement, asymmetric AuNPs, which djiigs curvature
surface, are more favorable due to the “lighteniad” effect. As demonstrated by Nikoobakht et ahhancement factors
on the order of 18-10° were observed for adsorbed molecules on the ndsambile no such enhancement was observed
on nanospheres under similar condition [56]. Huahgl. applied SERS by gold nanorods to diagnoseeracells from
normal cells [57]. Gold nanorods are conjugatedrti-EGFR antibodies and then specifically bountuman oral cancer
cells. Compared to HaCat normal cells, the anti-RGiatibodies as well as cellular components ingtingace plasmon
field of the gold nanorods on the cancer cell sugfare found to give a Raman spectrum which istigreahanced due to
the high surface plasmon field of aggregated nahassembly and sharp due to a homogenous enviranifika
polarization property of the SERS of the molecutesnitored by the strongest band of the cetyltrirplaiimmonium
bromide (CTAB) capping molecules indicates thatgumhnorods are assembled and aligned on the ceeltsurface and
thus giving much stronger Raman enhancement. Toteserved properties can be used as molecular diigrsignatures
for cancer cells. Although traditional Raman hadbeen used to diagnose abnormal breast cansee {iS8],SERS is

more advantageous because it greatly enhancegidetsensitivity and decreases signal acquisitiore t(Figure 3).
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Figure 3: Schematic Showing the Physical Events th@®ccur as a Result of Satisfying the Localized
Surface Plasmon Resonance Condition, with thea@responding Applications [47]

Cancer Cell Imaging by Gold Nanoparticle Bioconjugées

Many nanomaterials are functionalized on the serfac increase blood circulation, make them more
biocompatible, and for targeted therapy. While fiomalization has shown promise in many applicatjofunctional
groups added to the surface can potentially intewdth biological components, alter biological ftion, and allow
passage of nanomaterials that would not normallytab@n up by certain cells. The flavonoid functiizetion, for
example, helps for reducing the toxicity in the thasd offers only synergic effect in case of thactionalized AuNP.
Thus, this flavonoid-conjugated AuNP disturbs aedtbys the cell externally. Figure 4 shows theopial representation
of shape-dependent anti-cancer effect of gold nartigfes. The irregularly shaped nanoparticles nave easily in
between the abnormally high and irregularly spre@dplastic cells compared to polyshaped or rougphgerical ones; it
is reasonable to infer that these special unpraolietamoebic shaped is having better anti-prolifezaeffect. Particle size
can also affect the mode of endocytosis, cellupaake, and the efficiency of particle processinghiem endocytic pathway
[59].Some studies of non-phagocytic cellular uptakéatex spheres have demonstrated slower uptatgoeocessing of

large spheres (>200 nm) relative to small onesaftd 100 nm) [60]. Gold nanomaterials can be foumohany different
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8 Ignac Capek

shapes, especially as spherical clusters and ndmofdong with size, Chithrani et al. studied tHe& of shape on the
cellular uptake of gold nanoparticles. They conellidhat both nanorods (74 x 14 nm) and spheriagicfes (74 and 14
nm) are taken up by cells; however, hanorod upigkéower relative to spherical particles in Heledl[24]. Wang et al.
further concluded that nanorods are more cytotthao spherical gold nanomaterials to human HeCadtikecytes [61].
Although both studies concluded differences betwsrerical particles and nanorods, both Chithramil.eand Wang et
al. suggested that the more important differencecefiular uptake rates and cytotoxicity was the wo$edifferent
chemistries to stabilize the gold nanomaterialsh@lgh aggregation of gold nanorods has been shotercellularly,
nanospheres also show aggregation without caustogpsicity [61, 62].

0y ‘®a ™ o d‘
o ® v ¢

Anti-proliferative activity

Figure 4: Shape-Dependent Anti-Proliferative Activty of Gold Nanoparticles from Spherical
(a) to Irregular (d) [63]

Degradability of the material is an important comgot of acute and long-term toxicity. Nondegradable
nanomaterials can accumulate in organs and alsxcéeitularly where they can cause detrimental &fex the cell, similar
to that of lysosomal storage diseases [64]. Inreghtbiodegradable nanomaterials can lead to digbeel toxicity due to
unexpected toxic degradation products [65]. Nanenss may contain transition metals or other metahpounds with
known toxicity that are “masked” for instance byétionalization. Degradation of this material majease toxins to the

biological milieu, leading to free radical formatiand resulting in cellular damage [65].

The addition of targeting ligands that provide sfieianoparticle—cell surface interactions canypdavital role
in the ultimate location of the nanoparticle. Faample, nanoparticles can be targeted to cancés ifeheir surfaces
contain moieties such as small molecules, peptjategeins or antibodies. These moieties can birtd eancer cellsurface
receptor proteins, such as transferrin recepthed,dre known to be increased in number on a vadge of cancer cells
[66]. These targeting ligands enable nanopartitdebind to cell-surface receptors and enter cefisdzeptor-mediated
endocytosis. Further works comparing non-targetetitargeted nanoparticles (lipid-based 67] or pelytmased [68] have
shown that the primary role of the targeting ligaugito enhance cellular uptake into cancer catlser than increasing the

accumulation in the tumour.

The ability of gold nanoparticles developed fromve extract inhibit proliferation of HEK-293, HelLand HT-29
cell line was estimated by its observed effect lwm growth of the cells[63].The growth of the untegha(control) and
treated HEK-293, Hela, and HT-29 cell line aftecubation was followed. The observation of HEK-28#&La, and
HT-29 cells showed that most of the cells werecattd in the culture containing 2@/mL of AuNPs functionalized with
clove moieties. The cells were viable and adhecethé bottom of the well after 48 h of treatmendth@ugh a large

proportion of the cells were found in isolated dtind. Cells of all cancer cell lines are shrunkaem isolated condition
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after 48 h of incubation. AUNP synthesized fromvelocauses 50% cell death in all human cancerioel tested. The
love extract-mediated AuNP has been proven to inklile proliferation of three cancer cell lines aiftfour that were

tested at a strong gvalue (<20ug/mL). These nanoparticles was not active,@#CG30 ug/mL) against K-562.

The freely water-soluble flavonoids present in gluava leaf (Gua) and clove (Clo) buds solution tmatld have
been adsorbed on the surface can stimulate or esgppre immune system due to the presence of —@upgrPresence of
such phenolic moieties may be assumed to have gigneifect for the anti-proliferative activities tfiese bio-adsorbed
metal nanopatrticles [69]. These shape-dependepepies of AUNP have different behaviors and méileert suitable for
therapeutic utilization [70]. AuNPs of certain nmgular shapes can readily be adsorbed to the cegrfaf the
biomolecules which show higher surface plasmon rmasce and will have a greater contrast effect ttiese of
photothermal dyes that are used regularly in detecdf cancer cells [71]. Here, the bio-detecti@nsstivity and
biocompatibility parameters become very importdifie bio-detection sensitivity of nanoparticles nfie associated with
their physical and chemical properties, which imtdepend on the shape of the particles [72]. Nartmpes with different
dimensions have been applied widely to detect giold molecules. Colloidal AUNPs are used to despeicific DNA
sequences and single-base mutations in a homogerieonat. AUNPs synthesized with biological base iateresting,
predominantly because they exhibit the best cornifiati with biomolecules. But, bio-detection semstly derived from
spherical nanoparticles is not strong enough tetthe interaction of biomolecules [73]. Lookingoirall these aspects, it
is reasonable to infer that the biosynthesis @gatar-shaped nanoparticles hopefully might reaéh dim because they
display novel properties and may improve biologidatection sensitivity greatly (Figure 2). The shayf the noble
nanoparticle will also play important role as ari-aancer agent. Raghunandan et al. have specutatettie possible

mechanisms that govern shape-dependent extraceadftdat of nanoparticles [63].

AuNP-Clo conjugate proved to possess antiprolifeeaproperties against all the cancer cell linestetg. The
prominent anti-proliferative effect of functionadid AUNP on HEK-293, HelLa, and HT-29 cancer ce#idinas revealed by
its 1Csg based on XTT assay was found to be ~19.88, ~26-8,12, and ~28.56, respectivelysd@f AUNP-Clo was
specifically less significant on Vero cell lineg.i. ~55.3. Therefore, it can be said that AUNPi€ld promising anti-cancer
“lead”. AUNP-Gua conjugate has shown activity agaiflEK-293 but the IC50>3Qg/mL. These are devoid of
anti-proliferative activity against other threeldaies. AUNPs developed with cow urine as a redg@gent have shown
activity against HelLa, HEK-293, and HT-29 at|@8@mL. Though the inhibitory effect is higher thdrat of AuUNP-Clo, but
looking in to the beneficial effects of cow uriribe AuNPs synthesized with using cow urine as agied) medium can be
a promising anti-cancer agent. Poly-shaped nanofesrtsynthesized using guava extract has showstayit effect on
HEK-293 and the 1. Functionalized AgNP using other different plamtract and bio-excretory have not shown any
cytotoxic effect even at 30g/mL. This also proves that the adsorbed bio-mesetilone are devoid of cytotoxic effect at

that concentration.
CONCLUSIONS

Targeted gold nanoparticles have provided an éffeglatform forimaging and detection of cancer anbetter
and more specific delivery of cancer therapeutidsese targeted nanoparticles would be able to detmtcer cells,
visualize their location in the body, deliver drugsthese cells only, circumvent drug resistand ckncer cells while
sparing normal cells with minimal side effects, ntontreatment effects in real time, and providedieack whether the

patients respond well to the treatments to stogrérment in time. The role and scope of targegbparticles for drug
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10 Ignac Capek

delivery in cancer therapy is growing, and the tgwment of effective multifunctional targeted naadjcles will not be
far in the future. The first of these creative tneant methods have made it to the clinic and hdjyedwe well on their way
to improving the length and quality of life for e patients. However, there is a great deal nf@edan be done to treat
and perhaps prevent advanced cancer by treatingadt early a stage as possible. This will regsineerior detection and
targeting methods which many of the researcherdiored here will undoubtedly pursue and hopefutthiave. There
has been a sharp growth in the pace of discovedydmvelopment of targeted nanoparticles over thst feav years.
Current preclinical data support the hypothesis tdrgeted NPs can provide the means to delivegsdati a prolonged rate
to specific cancer targets. Once optimized, thasgeted NPs will provide the improved treatmenticoys that are so
urgently sought for cancer.In essence, all drugemgdés can be considered as nanoengineered s&sictiumor
destruction via the use of nanoparticles for thérafdation is also being examined and shows promga nonsurgical
method for tumor removal. This will allow the crieat of simple approach for use in the oncologyicliibue to the

complexity of cancers, a combination of approachiidikely be needed for the effective eliminatiofi all tumor cells.
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