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ABSTRACT

Over centuries, Gold nano particles have been used by artists due
to the vibrant colors produced by their interaction with visible
light. Optical property of Gold nano particles is utilized in various
technological applications, such as sensory probes, organic photo
voltaic, catalysis, electronic conductors, therapeutic agents,
medical applications, and drug delivery. The electronic as well as
optical properties of nano particles of gold such as surface
chemistry, size, shape, etc. can be fine tuned and used accordingly.
Colloidal gold is a sol or colloidal suspension of submicrometre-
size nanoparticles of gold in a fluid, usually water. The liquid is
usually either an intense red colour (for particles less than 100 nm)
or blue/purple (for larger particles). Due to the unique optical,
electronic, and molecular-recognition properties of gold
nanoparticles, they are the subject of substantial research, with
applications in a wide variety of areas, including electron
microscopy, electronics, nanotechnology, and materials science.
The properties of colloidal gold nanoparticles, and thus their
applications, depend strongly upon their size and shape. For
example, rod like particles have both transverse and
longitudinal absorption peak, and anisotropy of the shape affects
their self-assembly. The synthesis of colloidal gold was crucial to
the 4th-century Lycurgus Cup, which changes color depending on
the location of light source. Later it was used as a method
of staining glass. During the Middle Ages, soluble gold, a solution
containing gold salt, had a reputation for its curative property for
various diseases. Modern scientific evaluation of colloidal gold did
not begin until Michael Faraday's work in the 1850s. Faraday
recognized that the color was actually due to the miniature size of
the gold particles. He noted the light scattering properties of
suspended gold microparticles, which is now called Faraday-
Tyndall effect. With advances in various analytical technologies in
the 20th century, studies on gold nanoparticles has accelerated.
Advanced microscopy methods, such asatomic force
microscopy and electron microscopy, have contributed the most to
nanoparticle research. Due to their comparably easy synthesis and
high stability, various gold particles have been studied for their
practical uses. Different types of gold nanoparticle are already
used in many industries, such as medicine and electronics. For
example, several FDA-approved nanoparticles are currently used
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in drug delivery. Generally, gold nanoparticles are produced in a
liquid ("liquid chemical methods") by reduction of chloroauric
acid (H[AuCl4]). After dissolving H[AuCly], the solution is rapidly
stirred while a reducing agent is added. This causes Au’* ions to
be reduced to Au*ions. Then a disproportionation reaction occurs
whereby 3 Au*ions give rise to Au®*and 2 Au’atoms. The
Aulatoms act as center of nucleation around which further
Au* ions gets reduced. To prevent the particles from aggregating,
some sort of stabilizing agent that sticks to the nanoparticle
surface is wusually added. This paper focuses review on
Applications of gold nanoparticles in medical research which
includes in vitro assays, cancer therapy, drug delivery, tumor
detection, gene therapy, photothermal agents, radiotherapy dose
enhancer, detection of toxic gas, gold mnanoparticle based
biosensor, optical biosensor, electrochemical biosensor and
applications of gold nanoparticles in cosmetics. Paper also deals
with Scanning Electron Microscope (SEM) images, Transmission
Electron Microscope (TEM) images and FTIR spectra of Gold
Bhasma medicine. This research, along with better regulation and
reporting, will enable consumers to choose products with
confidence. This in turn will allow companies to benefit from these
novel technologies in the long term while retaining customer
confidence. There are a lot of cosmetics companies that have been
using gold nanoparticles in different products such as Day and
Night creams, eye serums, and facial masks. The cosmetics
industry has discovered multiple positive effects of gold
nanoparticles, and the gold infused products has gained
popularity due to its luxury appeal and effective therapeutic
effects. The nanoparticles can also aid the faster delivery of
vitamins and minerals to the skin, as it is in the smallest and most
perfect form to stimulate the blood circulation in the skin with a
gentle massage in its application. Gold has always been known to
aid in healthy skin cell regeneration, especially in its nanoparticle
form. They can gently stimulate the skin cells for a better cell
renewal, which in turn gives the skin better elasticity and also
improves the skin tone. Morphological graphs of the Gold Bhasma
medicine samples are provided by scanning electron microscopy
(Digital Scanning Electron Microscope - JSM 6100 - JEOL) with a
Link analytical system operating at 15 KV (acceleration voltage)
and transmission electron microscope (Transmission Electron
Microscope, Hitachi H-7500, 120 kV). Scanning Electron
Microscope images of Gold Bhasma medicine shows that the
material mainly consisted of spherical to dumbbell shaped
particles with 5-10 pm in diameter, and has a smaller aggregated
particle size. Although the majority of material consists of
micrometer grains, smaller particles with nanoscale (10-20 nm) are
also present in the TEM images. Transmission Electron
Microscope images of Gold Bhasma medicine shows that the
material mainly consisted of spherical to dumbbell sized particles
with 10-20 nm in diameter, and has a smaller aggregated particle
size. Investigations well confirm the presence of gold particles
with nanometric size between 10 and 20 nm.

FTIR can be routinely used to identify the functional groups and

identification/quality control of raw material/finished products.
FTIR spectra of Gold Bhasma medicine is obtained at room
temperature by using an FTIR SPECTROPHOTOMETER - Perkin
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Elmer - Spectrum RX-IFTIR. The spectra is collected in a range
from 450 to 4000 cm~'. Interpretation of FTIR Spectra of Gold
Bhasma medicine shows presence of various functional groups
such as Alkane - Ethyl, n - propyl, tertiary butyl; Alcohols -

Secondary CH-OH; Aromatic - Monosustituted Benzene ©

Ortho disustituted Benzene @f, Meta disustituted Benzene ('l

Vicinal trisustituted Benzene L [

Key Words : Gold nano particles, Cancer therapy, Drug delivery,
Tumor detection, Gene therapy, Photothermal agents,
Radiotherapy dose enhancer, Gold nanoparticle based biosensor,
Optical biosensor, Electrochemical biosensor, Gold Bhasma
medicine.

INTRODUCTION

Over centuries, Gold nano particles have been used by
artists due to the vibrant colors produced by their
interaction with visible light. Optical property of Gold
nano particlesis utilized in various technological
applications, such as sensory probes, organic photo
voltaic, catalysis, electronic conductors, therapeutic
agents, medical applications, and drug delivery. The
electronic as well as optical properties of nano particles
of gold such as surface chemistry, size, shape, etc. can be
fine-tuned and used accordingly.

Colloidal goldis asolorcolloidal suspension of
submicrometre size nanoparticles of goldin a fluid,
usually water. The liquid is usually either an intense red
colour (for particles less than 100 nm) or blue/purple
(for larger particles) [1, 2]. Due to the unique optical,
electronic, and molecular-recognition properties of gold
nanoparticles, they are the subject of substantial
research, with applications in a wide variety of areas,
including electron microscopy, electronics, nanotechno-
logy [3, 4], and materials science. The properties of
colloidal gold nanoparticles, and thus their applications,
depend strongly upon their size and shape [5]. For
example, rod like particles have both transverse and
longitudinal absorption peak, and anisotropy of the
shape affects their self-assembly [6].

History
Cranberry glass bowl made by adding a gold salt to
molten glass.

The synthesis of colloidal gold was crucial to the 4th-
century Lycurgus Cup, which changes color depending
on the location of light source [7]. Later it was used as a
method of staining glass.

During the Middle Ages, soluble gold, a solution
containing gold salt, had a reputation for its curative
property for various diseases.

In 1618, Francisci Antonii, a philosopher and member of
the medical profession, published a book called Panacea
Aurea, sive tractatus duo de ipsius Auro Potabili
[8] (Latin:  gold  potion, or two  treatments
of potable gold). The book introduces information on the
formation of colloidal gold and its medical uses.

About half a century later, English botanist Nicholas
Culpepper published book in 1656, Treatise of Aurum
Potabile [9], solely discussing the medical uses of
colloidal gold.

Int. Res. |. of Science & Engineering, 2018; Volume 6, No. 5, Sept.- Oct., 2018.


https://en.wikipedia.org/wiki/Sol_(colloid)
https://en.wikipedia.org/wiki/Colloidal_suspension
https://en.wikipedia.org/wiki/Micrometre
https://en.wikipedia.org/wiki/Nanoparticles
https://en.wikipedia.org/wiki/Gold
https://en.wikipedia.org/wiki/Nanometre
https://en.wikipedia.org/wiki/Metallic_bond#Optical_properties
https://en.wikipedia.org/wiki/Electronics
https://en.wikipedia.org/wiki/Nanotechnology
https://en.wikipedia.org/wiki/Nanotechnology
https://en.wikipedia.org/wiki/Materials_science
https://en.wikipedia.org/wiki/Absorption_(electromagnetic_radiation)
https://en.wikipedia.org/wiki/Anisotropy
https://en.wikipedia.org/wiki/Self-assembly_of_nanoparticles
https://en.wikipedia.org/wiki/Cranberry_glass
https://en.wikipedia.org/wiki/File:Vintage_cranberry_glass.jpg
https://en.wikipedia.org/wiki/Lycurgus_Cup
https://en.wikipedia.org/wiki/Stained_glass
https://en.wikipedia.org/wiki/Middle_Ages
https://en.wikipedia.org/wiki/Gold_salts
https://en.wikipedia.org/w/index.php?title=Francisci_Antonii&action=edit&redlink=1
https://en.wikipedia.org/wiki/Drinking_water
https://en.wikipedia.org/wiki/Nicholas_Culpeper
https://en.wikipedia.org/wiki/Nicholas_Culpeper

184 |

Applications of gold nano particles in medical research and cosmetic

In 1676, Johann Kunckel, a German chemist, published a
book on the manufacture of stained glass. In his
book Valuable Observations or Remarks About the Fixed
and Volatile Salts-Auro and Argento Potabile, Spiritu
Mundi and the Like [10], Kunckel assumed that the
slight pink color of Aurum Potabile came from small
particles of metallic gold, not visible to human eyes.

In 1842, John Herschel invented a photographic process
called chrysotype (from the Greek xpvoog meaning
"gold") that used colloidal gold to record images on

paper.

Modern scientific evaluation of colloidal gold did not
begin until Michael Faraday's work in the 1850s [11,
12]. In 1856,
Institution, Faraday accidentally created a ruby red

in a basement laboratory of Royal
solution while mounting pieces of gold leaf onto
microscope slides [13]. Since he was already interested in
the properties of light and matter, Faraday further
investigated the optical properties of the colloidal gold.
He prepared the first pure sample of colloidal gold,
which he called in 1857. He
used phosphorus to reduce a solution of gold chloride.

'activated  gold',

The colloidal gold Faraday made 150 years ago is still
optically active. For a long time, the composition of the
'Tuby' gold was unclear. Several chemists suspected it to
be a gold tin compound, due to its preparation [14, 15].
Faraday recognized that the color was actually due to
the minjature size of the gold particles. He noted
the light
microparticles, which is now called Faraday-Tyndall
effect [16].

scattering properties of suspended gold

In 1898, Richard Adolf Zsigmondy prepared the first
colloidal gold in diluted solution [17]. Apart from
Zsigmondy, Theodor Svedberg, who
and Gustav Mie,

provided the theory for scattering and absorption by

invented ultracentrifugation, who
spherical particles, were also interested in the synthesis
and properties of colloidal gold [6, 18].

With advances in various analytical technologies in the

20th century, studies on gold nanoparticles has

accelerated. Advanced microscopy methods, such
as atomic force microscopy and electron microscopy,
have contributed the most to nanoparticle research. Due
to their comparably easy synthesis and high stability,
various gold particles have been studied for their

practical uses. Different types of gold nanoparticle are

already used in many industries, such as medicine and

electronics. For example, several FDA-approved

nanoparticles are currently used in drug delivery.[19]

Synthesis

Generally, gold nanoparticles are produced in a liquid
acid (H[AuCL]).  After
dissolving H[AuCly], the solution is rapidly stirred while

by reduction of chloroauric

areducing agentis added. This causes Au®*ionsto be
reduced to Au*ions. Then a disproportionation reaction
occurs whereby 3 Au*ions give rise to Au®*and 2
Aul atoms. The Aulatoms act as center of nucleation
around which further Au* ions gets reduced. To prevent
the particles from aggregating, some sort of stabilizing
agent that sticks to the nanoparticle surface is usually
added.

This paper focuses review on Applications of gold
nanoparticles in medical research which includes in vitro
assays, cancer therapy, drug delivery, tumor detection,
gene therapy, photothermal agents, radiotherapy dose
enhancer, detection of toxic gas, gold nanoparticle based
biosensor, optical biosensor, electrochemical biosensor
and applications of gold nanoparticles in cosmetics.
Paper also deals with Scanning Electron Microscope
(SEM) images, Transmission Electron Microscope (TEM)
images and FTIR spectra of Gold Bhasma medicine. This
research, along with better regulation and reporting, will
enable consumers to choose products with confidence.
This in turn will allow companies to benefit from these
novel technologies in the long term while retaining
customer confidence.

APPLICATIONS OF GOLD NANOPARTICLES IN
MEDICAL RESEARCH

In vitro assays

Gold nanoparticles have been employed for many
applications such as immunoassay [20-22], protein assay
[23], time-of-flight secondary ion mass spectrometry
[24], capillary electrophoresis [25], and detection of
cancer cells [26, 27]. In one report, dynamic light
scattering (DLS) enabled quantitative estimation of the
concentration of intravenously injected gold nanoshells
in mouse blood [28]. This technique may also be
applicable towards estimating the circulation life time of
other solid nanoparticles. Gold nanoshells functionalized
with a pH-sensitive SERS reporter molecule, 4-
mercaptopyridine, were shown to be responsive to the
pH of the surrounding media within the range of 3 to 7

http:/ /www.irjse.in
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[29]. Another study has evaluated the use of gold
nanoshells as optical biosensors for real-time detection of
streptavidin-biotin interactions in diluted human blood
[30]. However, both the sensitivity (~3 ug/mL) and the
dynamic range (3-50 pg/mL) were very poor.

Cancer therapy

Conventional strategies for cancer intervention include
surgery, chemotherapy, and radiation therapy. Taking
advantage of their unique properties, most studies of
gold nanoparticle-based cancer therapy have used
photothermal therapy for the destruction of cancer cells
or tumor tissue, which may be potentially useful in the
clinical setting. When irradiated with focused laser
pulses of suitable wavelength, targeted gold
nanospheres, nanorods, nanoshells, and nanocages can
kill bacteria [31] and cancer cells [32-37]. It was
estimated that 70-80 °C was achieved through light
absorption by the gold nanoparticles [34] and up to 150
antibodies can be conjugated to a nanoshell through a

bifunctional PEG linker [38].

Drug delivery

Several studies have reported the use of gold
nanoparticle as drug delivery vehicles. Tumor necrosis
(INF-a), a with
anticancer efficacy, is systemically toxic which severely
applications [39, 40]. A

nanoparticle delivery system, consisting of PEG coated

factor-alpha cytokine excellent

limited its therapeutic
gold nanoparticle loaded with TNF-a, was constructed
to maximize the tumor damage and minimize the
systemic toxicity of TNF-a [41]. Combination of local
heating and nanoparticle-based delivery of TNF-a
resulted in enhanced therapeutic efficacy than either
treatment alone. Thermally-induced tumor growth delay
was enhanced by pretreatment with the nanoparticle,
when given intravenously at the proper dosage and
timing. Tumor blood flow suppression, as well as tumor
perfusion defects, suggested vascular damage-mediated
tumor cell killing. Surprisingly, following intravenous
administration, little to no accumulation in the RES (eg,
liver and spleen) or other healthy organs of the animals
was observed [42]. Subsequently, this nanoparticle
conjugate has also been used to destroy the tumor within
an iceball, again without significant systemic toxicity
[43]. Phase I clinical trials of this conjugate, subsequently
termed “CYT-6091" [44], are currently ongoing to
evaluate its safety, pharmacokinetics, and clinical
efficacy.

Gold nanoparticles can be used to optimize the
biodistribution of drugs to diseased organs, tissues or
cells, in order to improve and target drug delivery [45,
46]. It is important to realize that the nanoparticle-
mediated drug delivery is feasible only if the drug
distribution is otherwise inadequate. These cases include
drug targeting of difficult, unstable molecules (proteins,
siRNA, DNA), delivery to the difficult sites (brain,
retina, tumors, intracellular organelles) and drugs with
serious side effects (e.g. anti-cancer agents). The
performance of the nanoparticles depends on the size
and surface functionalities in the particles. Also, the
drug release and particle disintegration can vary
depending on the system (e.g. biodegradable polymers
sensitive to pH). An optimal nanodrug delivery system
ensures that the active drug is available at the site of
action for the correct time and duration, and their
concentration should be above the minimal effective
concentration (MEC) and below the minimal toxic
concentration (MTC) [47].

Gold nanoparticles are being investigated as carriers for
drugs such as Paclitaxel [48]. The administration of
hydrophobic drugs require molecular encapsulation and
it is found that nanosized particles are particularly
efficient in evading the reticuloendothelial system.

Gold nanoparticles are also used to
circumvent multidrug resistance (MDR) mechanisms
[49]. Mechanisms of MDR include decreased uptake of
drugs, reduced intracellular drug concentration by
activation of the efflux transporters, modifications in
cellular pathways by altering cell cycle checkpoints,
increased metabolism of drugs, induced emergency
response genes to impair apoptotic pathways and
altered DNA repair mechanisms.

Gold nanoparticles (AuNPs) provide non-toxic carriers
for drug and gene delivery applications. With these
systems, the gold core imparts stability to the assembly,
while the monolayer allows tuning of surface properties
such as charge and hydrophobicity. An additional
attractive feature of AuNPs is their interaction with
thiols, providing an effective and selective means of
controlled intracellular release [50].

Recent advances in the use of gold nanoparticles in drug
and gene delivery systems has been reviewed. The topics
of surface modification, site-specificity and drugs and
gene and gene delivery are discussed [51].

Int. Res. |. of Science & Engineering, 2018; Volume 6, No. 5, Sept.- Oct., 2018.


https://en.wikipedia.org/wiki/Paclitaxel
https://en.wikipedia.org/wiki/Molecular_encapsulation
https://en.wikipedia.org/wiki/Reticuloendothelial_system
https://en.wikipedia.org/wiki/Multidrug_resistance

186 |

Applications of gold nano particles in medical research and cosmetic

Tumor detection
The current state-of-the-art of gold nanoparticles in
biomedical applications targeting cancer is summarized.
Gold nanospheres, nanorods, nanoshells, nanocages, and
surface enhanced Raman scattering nanoparticles
discussed in detail regarding their uses in in vitro assays,
ex vivo and in vivo imaging, cancer therapy, and drug
delivery. A multifunctional platform based on gold
nanoparticles, with multiple

receptor targeting,

multimodality imaging, and multiple therapeutic
entities, holds the promise for a “magic gold bullet”

against cancer [52].

In cancer research, colloidal gold can be used to target
tumors and provide detection using SERS (Surface
Enhanced Raman Spectroscopy)in vivo. These gold
nanoparticles are surrounded with Raman reporters,
which provide light emission that is over 200 times
brighter than quantum dots. It was found that the
Raman reporters were stabilized when the nanoparticles
were encapsulated with a thiol-modified polyethylene

(or an antibody fragment such as scFv), against,

e.g. Epidermal growth factor receptor, which is
sometimes overexpressed in cells of certain cancer types.
Using SERS, these pegylated gold nanoparticles can then

detect the location of the tumor [53].

Gold nanoparticles accumulate in tumors, due to the
leakiness of tumor vasculature, and can be used as
contrast agents for enhanced imaging in a time-resolved
optical tomography system using short-pulse lasers for
skin cancer detection in mouse model. It is found that

administrated
broadened the
reflected optical signals and enhanced the contrast

intravenously spherical gold

nanoparticles temporal profile of

between surrounding normal tissue and tumors [54].

Cancer cells reduce adhesion to neighboring cells and
migrate into the vasculature-rich stroma. Once at the
vasculature, cells can freely enter the bloodstream. Once
the tumor is directly connected to the main blood
circulation system, multifunctional nanocarriers can

glycol coat. This allows for compatibility and  interact directly with cancer cells and effectively target
circulation in vivo. To specifically target tumor cells, the  tumors.
pegylated gold particles are conjugated with an antibody

Cancer cell

Epithelial cell

Multifunctional
Nanocarriers

(S Stromal cell
. { Endothelial cell

Tumor targeting via multifunctional nanocarriers

Therefore, gold nanoparticles have the potential to join
numerous therapeutic functions into a single platform,
by targeting specific tumor cells, tissues and organs. The
evaluation of the and

inflammatory  response

therapeutic siRNA silencing via RGD-nanoparticles in

alung cancer mouse model has been reported. This
siRNA/RGD gold
nanoparticles capable of targeting tumor cells in two

study reported the use of

lung cancer xenograft mouse models, resulting in
successful and significant c-Myc oncogene downregula-
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tion followed by tumor growth inhibition and prolonged
survival of the animals. This delivery system can achieve
translocation of siRNA duplexes directly into the tumour
cell cytoplasm and accomplish successful silencing of an
oncogene expression. Actually, RGD/siRNA-AuNPs can
target preferentially and be taken up by tumor cells via
integrin avp3-receptor-mediated endocytosis with no
cytotoxicity, showing that can accumulate in tumor
tissues overexpressing avP3 integrins and selectively
delivered c-Myc siRNA to suppress tumor growth and
angiogenesis [55].

Gene therapy

Gene therapy is receiving increasing attention and, in
(siRNA)
importance in novel molecular approaches in the

particular, small-interference RNA shows
knockdown of specific gene expression in cancerous
cells. The major obstacle to clinical application is the
uncertainty about how to deliver therapeutic siRNAs
with maximal therapeutic impact. Gold nanoparticles
have shown potential as intracellular delivery vehicles
for siRNA oligonucleotides with maximal therapeutic

impact.

Evidence of in vitro and in vivo RNAI triggering via the
synthesis of a library of novel multifunctional gold
nanoparticles, using a hierarchical approach including
three biological systems of increasing complexity: in
vitro cultured human cells, in vivofreshwater polyp
(Hydra vulgaris), andin vivo mice models has been
privided. Effective conjugation strategies has been
developed to combine, in a highly controlled way,
specific biomolecules to the surface of gold nanoparticles
such as: (a) biofunctional spacers: Poly(ethylene glycol)
(PEG)
biocompatibility; (b) cell penetrating peptides such as

spacers used to increase solubility and
TAT and RGD peptides: A novel class of membrane
translocating agents named cell penetrating peptides
(CPPs) that exploit more than one mechanism of
endocytosis to overcome the lipophilic barrier of the
cellular membranes and deliver large molecules and
even small particles inside the cell for their biological
actions; and (c) siRNA complementary to a master
regulator gene, the protooncogene c-myc, were bond
(thiol-siRNA)  and (naked/

unmodified siRNA) to gold nanoparticles [56].

covalently ionically

COVALENT IONIC
APPROACH APPROACH
[ ] . AUNP
.
\ HS-PEG-COOH @
by
HS-PEG-N o
" - ’ ’f\
==
9 Pa gy TATIRGD e

Multifunctional siRNA-gold nanoparticles with several
biomolecules: PEG, cell penetration and cell adhesion
peptides and siRNA

Two different approaches were employed to conjugate
the siRNA to the gold nanoparticle: (1) Covalent
approach: use of thiolated siRNA for gold-thiol binding
to the nanoparticle; (2) Ionic approach: interaction of the
negatively charged siRNA to the modified surface of the
AuNP through ionic interactions.

T siRMNA

P

o,

* [ x a0 O
T N\,
<

Gold nanoparticles have also shown potential as
intracellular delivery vehicles
(ssDNA,dsDNA) by

providing protection against intracellular nucleases and

for antisense oligonucleotides

ease of functionalization for selective targeting [57, 58].
A new theranostic system capable of intersecting
all RNA pathways: from gene specific downregulation to
silencing the silencers, i.e. siRNA and miRNA pathways
developed. The
nanoparticles functionalized with a fluorophore labeled
hairpin-DNA,

have Dbeen development gold

i.e. gold nanobeacons, capable of
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efficiently silencing single gene expression, exogenous
siRNA and endogenous miRNAs while yielding a
quantifiable fluorescence signal directly proportional to
the level of silencing [59]. This method describes a gold
nanoparticle-based nanobeacon as an innovative
theranostic approach for detection and inhibition of
sequence-specific DNA and RNA forin vitroand ex
Under

proximity to gold nanoparticles leads to fluorescence

vivo applications. hairpin ~ configuration,
quenching; hybridization to a complementary target

restores fluorescence emission due to the gold
nanobeacons' conformational reorganization that causes
the fluorophore and the gold nanoparticle to part from
each other [60]. This concept can easily be extended and
adapted to assist the in vitro evaluation of silencing
potential of a given sequence to be later used for ex
vivo gene silencing and RNAi approaches, with the

ability to monitor real-time gene delivery action [61].

Photothermal agents

Photothermal cell damage is a promising direction in
both tumor therapy [62] and the therapy of infectious
diseases, which has been intensively developing. The
essence of this technique is that gold nanoparticles reach
their absorption maximum in the visible or near-infrared
region and become hot when irradiated at the
corresponding light wavelength. If they are located
inside or around the target cells (which can be achieved
by conjugation of gold particles with antibodies or other
molecules), these cells die.

A number of studies have been published in which the
application of gold nanorods [63, 64], nanoshells [65, 66],
and a relatively new class of particles - gold-silver
nanocages [67, 68] - for plasmonic photothermal therapy
(PPTT) is described. The results of a comparison of the
efficiency of heating nanorods, nanoshells, and

nanocages are provided in [69, 70].

Gold nanorods are being investigated as photothermal
agents for in-vivo applications. Gold nanorods are rod-
shaped gold nanoparticles whose aspect ratios tune the
surface plasmon resonance (SPR) band from the visible
to near-infrared wavelength. The total extinction of light
at the SPR is made up of both absorption and scattering.
For the smaller axial diameter nanorods (~10nm),
absorption dominates, whereas for the larger axial
diameter nanorods (>35 nm) scattering can dominate. As
a consequence, for in-vivo applications, small diameter
gold mnanorods

are being used as photothermal

converters of near-infrared light due to their high
light
transmits readily through human skin and tissue, these

absorption cross-sections. Since near-infrared
nanorods can be used as ablation components for cancer,
and other targets. When coated with polymers, gold
nanorods have been known to circulate in-vivo for
greater than 15 hours half-life. Apart from rod-like gold
nanoparticles, also spherical colloidal gold nanoparticles
combination

are recently used as markers in

with photothermal single particle microscopy.

Radiotherapy dose enhancer

Following work by Hainfield et al. [71] there has been
considerable interest in the use of gold and other heavy-
atom containing nanoparticles to enhance the dose
delivered to tumors. Since the gold nanoparticles are
taken up by the tumors more than the nearby healthy
tissue, the dose is selectively enhanced. The biological
effectiveness of this type of therapy seems to be due to
the local deposition of the radiation dose near the
nanoparticles [72]. This mechanism is the same as occurs
in heavy ion therapy.

Detection of toxic gas

Researchers have developed simple inexpensive
methods for on-site detection of hydrogen sulfide H,S
present in air based on the antiaggregation of gold
nanoparticles (AuNDPs). Dissolving H2Sinto a weak
alkaline buff solution leads to the formation of HS-,
which can stabilize AuNPs and ensure they maintain
their red color allowing for visual detection of toxic

levels of H,S [73].

Gold nanoparticle based biosensor

Gold nanoparticles are incorporated into biosensors to
enhance its stability, sensitivity, and selectivity
[74]. Nanoparticle properties such as small size, high
surface-to-volume ratio, and high surface energy allow
immobilization of large range of biomolecules. Gold
nanoparticle, in particular, could also act as "electron
wire" to transport electrons and its amplification effect
on electromagnetic light allows it to function as signal
amplifiers [75, 76]. Main types of gold nanoparticle
and electrochemical

based biosensors are optical

biosensor.

The situation of infectious diseases and biothreats all

over the world remains serious. The effective

identification of such diseases plays a very important
role. In recent years, gold nanoparticles have been
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widely used in biosensor design to improve the
performance for the detection of infectious diseases and
biothreats. Recent advances of gold-nanoparticle-based
biosensors in this field are summarized [77].

Optical biosensor

Gold nanoparticles improve the sensitivity of optical
sensor by response to the change in local refractive
index. The angle of the incidence light for Surface
Plasmon resonance, an interaction between light wave
and conducting electrons in metal, changes when other
substances are bounded to the metal surface [78,
79]. Because gold is very sensitive to its surroundings'
dielectric constant [80, 81], binding of an analyte would
significantly shift gold nanoparticle's SPR and therefore
allow more sensitive detection. Gold nanoparticle could
also amplify the SPR signal [82]. When the Plasmon
wave pass through the gold nanoparticle, the charge
density in the wave and the electron I the gold interacted
and resulted in higher energy response, so called
electron coupling. Since the analyte and bio-receptor
now bind to the gold, it increases the apparent mass of
the analyte and therefore amplified the signal [74]. These
properties had been used to build DNA sensor with
1000-fold than without the Au NP
[83]. Humidity senor was also built by altering the atom

sensitive

interspacing between molecules with humidity change,
the interspacing change would also result in a change of
the Au NP's LSPR [84].

Electrochemical Biosensor

Electrochemical sensor covert biological information into
could be detected. The
conductivity and biocompatibility of Au NP allow it to

electrical signals that
act as "electron wire" [74]. It transfers electron between
the electrode and the active site of the enzyme [85]. It
could be accomplished in two ways: attach the Au NP to
either the enzyme or the electrode. GNP-glucose oxidase
monolayer electrode was constructed use these two
methods [86]. The Au NP allowed more freedom in the
enzyme's orientation and therefore more sensitive and
stable detection. Au NP also acts as immobilization
platform for the enzyme. Most biomolecules denatures
or lose its activity when interacted with the electrode
[74]. The biocompatibility and high surface energy of Au
allow it to bind to a large amount of protein without
altering its activity and results in a more sensitive sensor
[87, 88]. Moreover, Au NP also catalyzes biological
reactions [89, 90]. Gold nanoparticle under 2nm has
shown catalytic activity to the oxidation of styrene [91].

Other Applications of gold nanoparticles
Gold nanoparticles are used in resonance scattering
dark-field microscopy for the detection of microbial cells
and their metabolites [92], the bio-imaging of tumor cells
[93], and for the detection of receptors on their surface
[94], and for the study of endocytosis [95].

Gold nanoparticles are increasingly actively being used
not only in diagnostics and cell photothermolysis
experiments, but also for therapeutic purposes. In 1997,
the successful application of colloidal gold in a patient
with rheumatoid arthritis was first reported [96].

Antibiotics and other antibacterial agents are also
considered as objects that can be delivered by gold
nanoparticles. The possibility of producing a stable
complex of vancomycin and colloidal gold and the
efficacy of such a various

complex against

enteropathogenic  strains of  Escherichia  coli,
Enterococcus faecium, Enterococcus faecalis (including
vancomycin-resistant ~ strains) have also  been
demonstrated [97]. Similar results were obtained in [98]:
a complex of ciprofloxacin with gold nanoshells showed
high antibacterial activity towardsE. coli. The anti-
leukemia drug 5-fluorouracil, conjugated with colloidal
gold, has a noticeable antibacterial and antifungal effect
against Micrococcus luteus, Staphylococcus aureus,
Pseudomonas aeruginosa, E. coli, Aspergillus fumigates,
and A. niger [99]. It should be noted that in all of the
listed cases, the complexes of drugs with gold
nanoparticles were stable, which could be attested by the

optical spectra of conjugates.

An overview of the recent advances and current
challenges facing the biomedical application of gold
nanoparticles of various sizes, shapes, and structures is
provided. The review is focused on the application of
gold nanoparticle conjugates in biomedical diagnostics
and analytics, photothermal and photodynamic
therapies, as a carrier for delivering target molecules,
and on the immunological and toxicological properties

[100].

APPLICATIONS OF GOLD NANOPARTICLES IN
COSMETICS

There are a lot of cosmetics companies that have been
using gold nanoparticles in different products such as
Day and Night creams, eye serums, and facial masks.
The cosmetics industry has discovered multiple positive
effects of gold nanoparticles, and the gold infused
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products has gained popularity due to its luxury appeal
and effective therapeutic effects. The nanoparticles can
also aid the faster delivery of vitamins and minerals to
the skin, as it is in the smallest and most perfect form to
stimulate the blood circulation in the skin with a gentle
massage in its application. Gold has always been known
to aid in healthy skin cell regeneration, especially in its
nanoparticle form. They can gently stimulate the skin
cells for a better cell renewal, which in turn gives the
skin better elasticity and also improves the skin tone.

Incorporation of engineered nanomaterials into cosmetic

products including sunscreens, makeups, soaps,
moisturizers and shampoos is becoming increasingly
more commonplace. Manufacturers  incorporate
nanomaterials into their products to improve product
stability, improve the delivery of vitamins and
antioxidants and make products more aesthetically

appealing [101].

Brands like Lancome (L'Oreal), Dior and Olay (Procter
and Gamble) employ a variety of nanomaterials into
their products including niosomes, liposomes and
nanoemulsions. Niosomes and liposomes are
amphiphilic, which means they have both hydrophobic
(“water-fearing”)  and hydrophilic  (“water-loving”)
parts. This nature is what allows them to carry vitamins

and drugs across the skin [102].

Skin is composed of three main layers: the epidermis,
dermis and hypodermis. The epidermis is the outermost
skin layer and it mainly comprises dead cells that we
continuously shed. There is a constant generation of new
cells, with the newest cell found in the deeper layers and
the older cells found on the outermost layer. It is
the dermis that supports the epidermis and contains our
hair follicles, oil, sweat glands, muscles, nerves and
blood vessels. The dermis also contains connective
tissues, mostly made of collagen and elastin.Collagen is
a group of proteins that serve as one of the main
structural components of skin and connective tissue. It,
along with other proteins like keratin and elastin, is
responsible for the structural integrity and elasticity of
the skin. As we age, collagen and elastin break down
and as a result skin loses its elasticity and its ability to
retain its shape.

Over time, the collagen in skin becomes degraded and
contributes to the signs of aging (i.e. wrinkles). In
addition to time, other things that contribute to the aging

process include pollution, eating and sleeping habits,
smoking, exercise, UV radiation, and genetics. One
process that is known to lead to visible signs of aging,
like wrinkles, is the formation of advanced glycation end
products (AGEs). AGEs are the products of a chain of
reactions that initially kick off with a reaction between
carbohydrates (sugars) and proteins, like collagen.
Carbohydrates are one of main fuel sources for your
body and are found in fruits, vegetables, bread and
many other foods. The accumulation of AGEs in the skin
causes the skin to lose some of its elasticity.
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Understanding how the accumulation of AGEs affects
skin elasticity leads us to the role of gold in cosmetics.
compete with
amino acids

Gold nanoparticles are able to
bind to
like lysine and arginine. With gold particles taking up

carbohydrates to

the place where carbohydrates would otherwise bind,
the formation of AGEs should therefore be inhibited,
and fewer wrinkles should form on the skin [103, 104].

Gold nanoparticles have a wealth of pharmaceutical and
medical uses. Notably, the ability of these nanoparticles
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to absorb light and turn this light into heat has put them
at the center of ongoing cancer studies exploring their
efficacy in destroying malignant cells. They have even
been used as contrast agents in electron microscopy, but
their ability to deliver other materials has made them
candidates for drug and gene delivery and interesting to
explore for inclusion in skin care [105].

OROGOLD exclusive 24K Nano Day Recovery

This is extremely light yet very rich. It is gel-like cream
and is infused with Gold flakes, Vitamin A (Retinyl
Palmitrate), Seaweed Extract Japonica
Extract), This

nourishing day cream was formulated to reduce the

(Liminaria
Sodium Hyaluronate and Caffeine.

appearance of fine lines and wrinkles, leaving skin
feeling soft and looking radiantly younger. [106]

OROGOLD exclusive 24K Nano Night Recovery

It is truly ground-breaking with its potent formula
which delivers nutrients, essential oils, and gold for skin
that looks youthful and radiant. [107]

OROGOLD exclusive 24K Nano Hydra Silk Mask

This unique leave-on mask is infused with flecks of Gold
and an exclusive blend to transform the mask from a
This
formulated with Sodium Hyaluronate and Caprylyl
PEG-12 Dimethicone/PPG-20
Crosspolymer, a unique blend to keep skin soft and
looking hydrated. Also, it infused with Vitamin E
(Tocopheryl Acetate), flower and fruit extracts such as

silky cream to water. nourishing mask is

Methicone and

Acai fruit extract (Euterpe Oleracea Fruit Extract) to offer
skin a boost of hydration and exceptional care. [108].

OROGOLD exclusive 24K Nano Ultra Silk Serum
Packed with fruit and plant extracts, this waterless nano
gold serum helps restore loss of moisture while
significantly improving the appearance of wrinkles and
expression lines. This nourishing serum provides skin
with the variety of components it needs to look younger
and healthier. [109]

Other features of this microscope are:

METHODOLOGY

The Electron Microscope is an essential component for
scientific analysis of a variety of materials. Scanning
Electron Microscope (SEM) and Transmission Electron
Microscope (TEM) together comprises a powerful tool
in studying (cell and molecular biology, anatomy,
microbiology, pathology and forensic science)
biological specimens, food stuffs and several other
areas of material sciences (electronics, metallurgy,

polymer and surface science).

Morphological graphs of the Gold Bhasma medicine
samples are provided by scanning electron microscopy
(Digital Scanning Electron Microscope - JSM 6100 -
JEOL) with a Link analytical system operating at 15 KV
(acceleration voltage) and transmission electron
microscope  (Transmission Electron

Hitachi H-7500, 120 kV)

Microscope,

Scanning Electron Microscope (SEM) - Digital
Scanning Electron Microscope - JSM 6100 (JEOL)
SEM facilitates the observation of very fine details
(high resolution) of biological materials and good focus
over a wide range of specimen surface (large depth of
field). It also produces clear image of specimen ranging
from object visible to the naked eye to a structure
spanning few nanometers. Besides its use in studying
soils, sedimentary particles and rock materials, it also
helps to elucidate the architecture and evolution of
microfossils. The JSM-6100 is used with a digital image
processor. It has a large specimen chamber that allows
observation of the entire surface of a specimen upto
150 mm and a tilt of -5 to 90°. A special feature of this
SEM is a cryostage attached to it to study the low
melting point specimens. The image processing
function permits image averaging and storage, filling
of acquired still images and comparison of two/four
images displayed simultaneously on the 12 inch CRT.
This function makes it possible to observe specimens
without causing damage to them.

Resolution =
6 to 48 mm

0.3 to 30 KV
x10 to x300,000

Working distance =
Accelerating Voltage =
Magnification =
Image Recording =

Instant Print =

4.0 nm at 8mm working distance

on 120 B&W Roll Film (100 ASA) or 35mm B&W roll (25 ASA)

an instant print is also possible on a Thermal Video Printer (8x10.5)
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Transmission Electron Microscope (TEM) - 120 kV
Transmission Electron Microscope

TEM is analogous to the optical microscope. It
provides very high resolution which can reach
approximately 0.1 nm in the case of lattice images.
Consequently very high magnification (Close to 1
million times) can be obtained. TEM is used to examine
very thin sections (<60 nm in thickness) through the
cells and tissues or through materials as well as
replicas of the surfaces of the samples.

A Transmission Electron Microscope, Hitachi (H-7500)
120 kV is used with CCD Camera This instrument has
the resolution of 0.36 nm (point to point) with 40-120
kV operating voltage and can magnify object up to 6
lakh times in High Resolution mode. It has Electron
Diffraction, Tungsten Filament, Low Dose Function,
High Contrast Mode with ergodynamic look. The
specific features of the instrument are: maximum field
of views at x700 with dual picture modes, Auto-
navigation, Largest possible field with mose contrast,
auto pre-irradiation mode (APIS). The equipment has

RESULTS AND DISCUSSION
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provision for future up-gradation for an analytical
system by adding EELS, EDS and STEM attachments.

FTIR Spectrophotometer - Perkin Elmer - Spectrum
RX-IFTIR

FTIR can be routinely used to identify the functional
groups and identification/quality control of raw
material/finished products. Spectrum RX-I offers fast
throughput and rapid access to reliable and dependable
IR results. High signal to noise ratio makes FTIR more
useful for difficult samples. It has resolution of 1 cm-
Tand scan range of 4000 cm™ to 250 cm. In the normal
mode around 10 mg sample is required in the form of
fine powder. The sample can be analyzed in the form of
liquid, solid and thin films also.

FTIR spectra of Gold Bhasma medicine is obtained at
room temperature by using an FTIR Spectrophotometer -
Perkin Elmer - Spectrum RX-IFTIR. The spectra is
collected in a range from 450 to 4000 cm~1.
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Figure 1 (A) - (E) . Scanning Electron Microscope images of Gold Bhasma medicine
Figure 1 (A) - (E) shows Scanning Electron Microscope images of Gold Bhasma medicine. We can learn from Figure 1
(A) - (E) that the material mainly consisted of spherical to dumbbell shaped particles with 5-10 pm in diameter, and
has a smaller aggregated particle size. Although the majority of material consists of micrometer grains, smaller
particles with nanoscale (10-20 nm) are also present in the TEM images (Fig. 2 C to G).
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Figure 2 (A) - (G) shows Transmission Electron Microscope images of Gold Bhasma medicine. These figures
shows that the material mainly consisted of spherical to dumbbell sized particles with 10-20 nm in diameter, and

has a smaller aggregated particle size.

Investigations well confirm the presence of gold particles with nanometric size between 10 and 20 nm.
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Figure 3. FTIR Spectra of Gold Bhasma medicine

Interpretation of FTIR Spectra of Gold Bhasma medicine can be done as follows:

1000 800 600 450.0

Spectral Region
S.N. | Wave  number | Bond causing absorption Pattern and Intensity of Band
cm’!

1 3640.59 Alcohols - Secondary CH-OH Broad and Moderate Intensity

2 3285.45 Alcohols - Secondary CH-OH Broad and Strong Intensity

3 2925.45 - Broad and Strong Intensity

4 2522.59 - Broad and Moderate Intensity

5 1919.69 - Broad and Low Intensity

6 1794.70 - Broad and Low Intensity

7 1655.54 - Broad and Moderate Intensity

8 1600.51 - Broad and Moderate Intensity

9 1449.40 - Broad and Strong Intensity

10 1344.50 - Broad and Moderate Intensity

11 1249.57 - Broad and Moderate Intensity

12 1218.59 - Broad and Moderate Intensity

13 1153.51 - Broad and Moderate Intensity

14 1080.50 - Broad and Moderate Intensity

15 1046.50 - Broad and Moderate Intensity

16 1032.49 - Broad and Moderate Intensity

17 876.62 Alkane - Ethyl, n - propyl, tertiary butyl Sharp and Low Intensity

18 839.67 Alkane - n - propyl Sharp and Low Intensity

19 804.71 - Sharp and Low Intensity

20 758.71 - Sharp and Low Intensity

21 74171 Aromatic -Vicinal trisustituted Benzene LA Sharp and Low Intensity
Aromatic - Meta disustituted Benzene @x Vicinal

22 697.64 Py Sharp and Low Intensity
trisustituted Benzene L

23 658.68 - Sharp and Low Intensity

24 605.69 - Sharp and Low Intensity

25 574.69 - Sharp and Low Intensity
Aromatic - Monosustituted Benzene O Ortho

26 475.71 disustituted Benzene d , Meta disustituted Sharp and Low Intensity
Benzene
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Interpretation of FTIR Spectra of Gold Bhasma medicine
shows presence of various functional groups such as
Alkane - Ethyl, n - propyl, tertiary butyl; Alcohols -
Secondary CH-OH; Aromatic - Monosustituted Benzene

O/ Ortho disustituted Benzene ij, Meta disustituted

s

Benzene i)\ Vicinal trisustituted Benzene -

CONCLUSION

Scanning Electron Microscope images of Diamond
Cellular Anti-Ageing Cream shows that the material
mainly consisted of spherical particles with 5-10 pm in
diameter, and has a smaller aggregated particle size.
Although the majority of material consists of micrometer
or grains, smaller particles with nanoscale (10-20 nm)
are also present in the TEM images.

Transmission Electron Microscope images of Diamond
Cellular Anti-Ageing Cream shows that the material
mainly consisted of spherical particles with 10-20 nm in
diameter, and has a smaller aggregated particle size.

Investigations well confirm the presence of diamond
crystals with nanometric size between 10 and 20 nm.

FTIR can be routinely used to identify the functional

groups and identification/quality control of raw

material/finished products.

Interpretation of FTIR Spectra of Diamond Cellular Anti-
Ageing Cream shows presence of various functional
groups such as Alkane - Ethyl, n - propyl, Iso propyl,
tertiary butyl; Alkene - Vinyl -CH=CH,, -CH-CH-
(Trans), -CH-CH- (Cis), >CH=CH2, >CH=CH-; Acids -
Carboxylic acids COOH; Alcohols - Primary alcohols
CH>-OH, Secondary CH-OH, Aromatic O -OH.
Aldehydes - Aliphatic Aldehydes -CH,CHO, Aromatic

Aldehydes O- CHO; Anhydrides - Normal anhydrides
09 _0
C-CO-0-CO-C, Cyclic anhydrides V ; Aromatic -

Meta disustituted Benzene (EL, Vicinal trisustituted

Benzene -
Amide -CO-NH; Amines - O-NHz , Primary amines
CH>-NH; Amines (Cont) - Hydrochloride C-NH3*Cl;
Imines - Substituted Imines >C=N-C; Ethers - Aliphatic
ethers CH,-O-CH, Aromatic Ethers - () -0-CH2; Esters -

-J'w, Monosustituted Benzene - Amides -

=CH-CO-O-R,
=CH-CO-O-R,

Acetates  -CH,-CO-O-R, Acrylates

Fumarates =CH-CO-0O-R, Maleates
Benzoates, phthalates O -CO-O-R,
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