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Abstract

Gold nanoparticles are produced in a liquid ("ldjushemical methods™) by reductioof
chloroauric acid (H[AuCJ)), although more advanced and precise methods xiki. €5old
nanopatrticles are also found to distinguish betwegter cells and noncancerous cells. Another
benefit is that the results are instantaneousydif take cells from a cancer stricken tissue and
spray them with these gold nanoparticles that héwe antibody you can see the results
immediately. The scattering is so strong that yan detect a single particle. The interaction

between light and gold nanostructures is not oslful for the treatment of cancer but also for
its diagnosis.
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Introduction

Colloidal gold, also known as "nanogold”, is a srspon (or colloid) of sub-micrometre-sized
particles of gold in a fluid — usually water. Theuid is usually either an intense red colour (for
particles less than 100 nm), or a dirty yellowiskoar (for larger particles). “Gold nanoparticles
are very good at scattering and absorbing lightiak scattering property in a living cell to make
cancer detection easier [1-2].

Many cancer cells have a protein, known as Epide@nawth Factor Receptor (EFGR), all over
their surface, while healthy cells typically do mofpress the protein as strongly. By conjugating,
or binding, the gold nanoparticles to an antibaatyEFGR, suitably named anti-EFGR. It is able
to get the nanoparticles to attach themselves @¢octincer cells. “If you add this conjugated
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nanoparticle solution to healthy cells and cance@alls and you look at the image, you can tell
with a simple microscope that the whole cancerisedhining,” “The healthy cell doesn't bind to
the nanoparticles specifically, so you don’t seeemghthe cells are. With this technique, if you
see a well defined cell glowing, that’s cancer[3*4]
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The gold nanoparticles have 600 percent greatimitgffor cancer cells than for noncancerous
cells. The particles that worked the best were 8bometers in size. Technique using cell
cultures of two different types of oral cancer am#& nonmalignant cell line. The shapes of the
strong absorption spectrum of the gold nanopasi@ee also found to distinguish between
cancer cells and noncancerous cells. Another ieaehat the results are instantaneous [5]. “If
you take cells from a cancer stricken tissue amdysghem with these gold nanoparticles that
have this antibody you can see the results immalglialhe scattering is so strong that you can
detect a single particle,” Finally, the technigse’t toxic to human cells. A similar technique

using artificial atoms known as Quantum Dots usssisonductor crystals to mark cancer cells,
but the semiconductor material is potentially totacthe cells and humans. “This technique is
very simple and inexpensive to use”. It making esndetection easier, faster and less
expensive[6-8].”

Synthesis of gold nanoparticles:

Generally, gold nanopatrticles are produced in aidi¢"liquid chemical methods") by reduction
of chloroauric acid (H[AuCl4]), although more adead and precise methods do exist. After
dissolving H[AuCl4], the solution is rapidly stidevhile a reducing agent is added. This causes
Au3+ ions to be reduced to neutral gold atoms. As moceraore of these gold atoms form, the
solution becomes supersaturated, and gold gradatdlys to precipitate in the form of sub-
nanometer particles. The rest of the gold atomisftinen stick to the existing particles, and, if the
solution is stirred vigorously enough, the parsciall be fairly uniform in size. To prevent the
particles from aggregating, some sort of stabifizigent that sticks to the nanopatrticle surface is
usually added. They can be functionalized with auasi organic ligands to create organic-
inorganic hybrids with advanced functionality.lihcalso be synthesised by laser ablaf®i1].

Fig.3 Steps of Gold Nanoparticles Synthesis
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* Add 20 mL of 1.0 mM HAuCI4 to a 50 mL beaker ordnneyer flask on a stirring hot
plate. Add a magnetic stir bar and bring the sofujust to a boil.

* To the boiling solution, add 2 mL of a 1% solutioh trisodium citrate dihydrate,
Na3C6H507.2H20. The gold sol gradually forms as diteate reduces the gold(lll).
Remove from heat when the solution has turned (@dps in the movie indicate equal
gaps in time. The total elapsed time is approxifyédté times the movie length.).

» The presence of a colloidal suspension can be teéetdy the reflection of a laser beam
from the patrticles [12].

Because a laser pointer emits polarized light, gbmter can be oriented such that the beam
appears to disappear. When the beam from the ims#sible in one view, it is invisible in the
view perpendicular to the first. Put a small amoointhe gold nanoparticle solution in two test
tubes. Use one tube as a color reference and d@ddseps of NaCl solution to the other tube.
Does the color of the solution change as the amdibf chloride makes the nanopatrticles closer
together?

Gold nanopatrticles may simplify cancer detection

There are many techniques for cancer diagnosigraatinent, there is still a need for techniques
that are more accurate and/or less invasive to bibéy. The idea is to introduce gold
nanoparticles into tumor cells, to which laser fighould subsequently be applied. The
nanoparticles would heat up to such a degree hiealamaged cells would be completely burnt.
The interaction between light and gold nanostresus not only useful for the treatment of
cancer but also for its diagnosis.
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Fig.4axrer Detection

Nanoparticles are metal structures that measurte gue millionth of a meter: they have a
diameter ten thousand times smaller than that ledia What is revolutionary about this novel
use of nanopatrticles is that they can be designeslich a way that they can be selectively
introduced into a patient's body so that they omlgnetrate damaged cells[13-15]
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GNPs-Ab-1 and GNPs-Ab-2 represent the two typegadl nanoparticles bearing different
antibodies, and Ag represents the CEA antigen. Whewd, a dimer is formed reducing the
total number of nanoparticles in the sample.Thhus,tteatment would only affect tumor tissues
without damaging healthy ones, as happens with oblerapy and radiotherapyOne
promising scheme which is useful for diagnosis as well as therapy,to attach gold
nanopatrticles to tumor cells and illuminate therthvimfrared laser light. This technique is much
less invasive than chemotherapy, X-ray therapyuogesy [16]. Magnetic resonance imaging is
noninvasive and capable of detecting cancer tunvbes) they are very small, but the equipment
and its operation are very expensive, meaning ithist often used at a later stage, when the
cancer is already more advanced. Ultrasound theséipys a much cheaper alternative, but the
high intensity sound waves that are necessaryréatrhent cause tissue heating and cavitation
(creation of small pockets of gas in the bodilyidk or tissues that expand and
contract/collapse). Because of their extremely bsiae, nanoparticles restrict the motion of
electrons in one or more directions. This resticticalled quantum confinement, allows the
properties of the particles to be modified by chaggheir size, in contrast to bulk material
whose properties are independent of size. In pdaticthe properties of the surface become
dominant and, in the case of noble metals, resoglantromagnetic radiation will induce large
surface electric fields that enhance their radeafivoperties. This means that the particles absorb
much more light than would normally be expected dadlight that is not absorbed is scattered
much more strongly than expected[17-18]. This gltsmm and scattering is typically orders of
magnitude stronger than the most strongly absorbiogecules and organic dyes. It has been
found that gold nanorods and nanocages exhibihgtnofrared (IR) absorption and biological
compatibility, making them good candidates for uséiological systems. Gold nanorods of
different sizes and showed that different aspetbvgadetween the rod diameter and the length
resulted in different absorption spectra. This shwhat it is possible to produce biologically
compatible nanoparticles with different optical pedies. For further investigation, they chose
nanoparticles with an aspect ratio of 3.9 becaseabsorption band overlaps the wavelength at
800 nm, which is the wavelength of a commercialsdpphire laser. Furthermore, this
wavelength is in a region where the light extinetaf the human tissue is a minimum, resulting
in a penetration depth up to 10 cm, which meanisainaost the whole human body is accessible.
Due to their strong scattering, gold nanorods hexeellent potential as optical contrast agents
for molecular imaging. Furthermore, the stronglg@bed IR radiation can be converted into
heat efficiently, making it a promising potentidgtothermal therapeutic agent. In photothermal
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therapy, optical radiation is absorbed and tramséar into heat. The heat causes the proteins and
DNA to denature, irreversibly damaging the cell aoohsequently, causing its death. Usually,
photothermal therapy is done with visible light,igrhis absorbed by the agent as well as the
tissue. The use of IR radiation is favourable[19-21
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Fig.6 (a), Gold nanoparticle—-DNA conjugates can bgrogrammed to assemble into different
crystallographic arrangements by changing the sequee of the DNA linkers. (b), Single-component
assembly system (f.c.c.) where gold nanoparticleseaassembled using one DNA sequence, linker-A.
¢, Binary-component assembly system (b.c.c.) in wdfi gold nanoparticles are assembled using two
different DNA linkers -X and -Y. X in the DNA sequence denotes the flexor region: A, PEG6 or no
base. NP1 indicates that the same gold nanopartiel@NA conjugates were used in all experiments.

Because cell tissue is transparent to IR light, ingak possible to diagnose and treat tumor cells
deeper in the body. The convenient characterisdcamjugation (binding to biomolecules) of
gold nanostructures improves the target selectigitythat they can stick to particular proteins,
which makes it possible to target cancer cells \thin nanoparticles and ensure that unhealthy
cells receive most of the energy during therapy.aAesult, the photothermal destruction of
surrounding healthy tissue is minimized and the agamis much less than that caused during x-
ray therapy[22].
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Gold nanoparticles may improve antisense cancer thapies:

The potential of antisense DNA therapies for gendiseases is great, yet the development of
antisense DNA-based drugs has been slow. Strandsantense DNA can bind to
complementary messenger RNA (mRNA) transcripts @edent their translation into proteins.
Aantisense DNA which is complementary to mRNA taips encoding mutated and disease-
causing proteins can prevent production of thos#eprs and so alleviate disease symptoms
[23]. Antisense DNA molecules more stable, and meffective, by attaching them to gold
nanoparticles. Attached multiple strands of @ms® DNA to individual gold nanoparticles,
forming 'antisense nanoparticles' which were ieserhto mouse cells engineered to produce
green fluorescent protein (GFP). Because the DNgnds used were complementary to the GFP
MRNA, their effectiveness could be determined byasoeing the amount of fluorescence
emitted by the cells. The amount of fluorescengeedds on the concentration of GFP in the
cell; upon introduction of the nanoparticles, th&tisense DNA bound to GFP transcripts,
reducing the amount of protein being produced.odinsequence, there was a marked dimming in
the fluorescence of the cells. The antisense natidpa were less toxic, less susceptible to
degradation and more readily taken up by cells wet@mpared to antisense DNA complexed
with Lipofectamine or Cytofectin (commercially aladile reagents for introducing DNA into
cells). "In the future, this exciting new classamitisense material could be used for the treatment
of cancer and other diseases that have a gensii'b&o attached anti-epidermal growth factor
receptor (EGF-R) monoclonal antibodies to gold menticles which adhered to cultured cancer
cells expressing EGF-R, making them easier to t§2de25].

Application
Gold nanopatrticles has been successfully usedresapy for,

* Rheumatoid arthritis

* Alzheimer's disease

» The administration of hydrophobic drugs require ecalar encapsulation and it is found
that nanosized particles are particularly effitie evading the reticuloendothelial system

» Cancer detection

Conclusion

The gold nanoparticles have 600 percent greateritgffor cancer cells than for noncancerous
cells. “This Gold nanoparticle is very simple anéxpensive to uselt makes cancer detection

easier, faster and less expensive.” The healthydoekn’t bind to the nanoparticles specifically,

so you don’t see where the cells are. With thibnegue, if you see a well defined cell glowing,
that’'s cancer.”
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