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ABSTRACT
Now a day, cancer is one of the deadliest diseases in the world. Various conventional therapies
are available for treatment of cancer. But most of them come with several drawbacks like poor
bioavailability, intrinsic toxicity etc. So, there is a need to develop anticancer strategies. Metal
nanoparticles have been extensively explored for the management of various disease conditions
including cancer. They have also been explored as diagnostic and imaging agents. Metals like
gold (Au), silver (Ag), zinc (Zn), iron, and titanium, have potential as anticancer agents, either
inherently or as a result of surface modifications. Multifunctionality is the key feature of
nanoparticle based agents. Gold nanoparticle (AuNP) is one of most promising metal
nanoparticle. Gold nanoparticles can be of various types, ex- nanocages, nanospheres, SERS
nanoparticles etc. Gold nanoparticles (AuNP) can be used as delivery vectors for drugs, genes,
proteins, etc. due to their unique physicochemical properties including large specific surface area,
easy surface modification, excellent stability and biocompatibility.
KEYWORD: Nanoparticle, Gold naoparticle(AuNP), Multifunctionality, Nanosphere,
Nanocages, SERS Nanoparticle
______________________________________________________________________________
INTRODUCTION

coupled with relentless experimentation

The rapid advancement of nanotechnology

means that the frontiers of nanotechnology

in recent years has fuelled a burgeoning
interest in the field of nanoparticle research,

are constantly being challenged. At present,

in particular, its application in the medical

there seems to be heightened interest in the

arena. A constantly expanding knowledge

application of AuNPs to the management of

based on a better understanding of the

cancer, encompassing diagnosis, monitoring

properties of gold nanoparticles (AuNPs)

and treatment of the disease. These efforts
are undertaken in the hope of revolutionizing
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current methods of treatment and treatment

SYNTHESIS OF GOLD

strategies for a multifactorial disease such as

NANOPARTICLE

cancer. This review will focus on the current

There

status and current applications of AuNPs in

nanoparticle according to their size shape

cancer management.

and physical properties.The earliest studied

Nanotechnologies can be defined as the

gold

design, characterization, production and

Subsequently

application

nanoshells, SERS nanoparticles have also

of

structures,

devices

and

are

various

subtypes

nanoparticles

gold

are

nanosphere.

nanorods,

nanocages,

systems by controlling shape and size at a

been

nanometer scale. In medicine, most interest

development on this sector over the last two

is in the use of nanoparticles to enhance drug

decades, most of these gold nanoparticles

delivery with

invitro

can now be produced with well-controlled

design,

size distribution, sometimes with stunning

diagnostics,

interest

novel

also

in

biomaterial

bioimaging, therapies and active implants.
Nanotechnology
research

field

is

an

reported.

of

With

the

continued

precision (e.g., nanocages).

interdisciplinary

involving

chemistry,

GOLD NANOSPHERE

engineering, biology, and medicine which
has great potential for early detection,
accurate

diagnosis,

and

personalized

treatment of cancer. Nanoparticles are
defined as microscopic particles between
1nm to 100nm but definitions including
particles of up to 1µM have also been
reported [1]. In cancer treatment they have
provided

better

penetration

ability for

Fig. 1: Gold nanosphere (SEM photograph)

substances used for therapy and diagnosis
with lower risk compared to conventional

Gold nanospheres are also known as gold

drugs [2, 3].

colloids. Gold nanosphere (as figure 1) of 2
nm to over 100 nm in diameter can be
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synthesized by controlled reduction of an

GOLD NANORODS

aqueous HAuCl4 solution using different

Synthesis of gold nanorods (as fig. 2) have

reducing agents under varying conditions.

been reported with using a various wide

The most commonly used reducing agent is

strategies.

citrate,

which

can

produce

nearly

monodisperse gold nanosphere [ 4 , 5 ]. The
size of a nanosphere can be controlled by
varying the citrate or gold ratio. In most of
the cases smaller amount of citrate yields
larger nanosphere.

There are two major

limitation of this method. The first one is
low yield and the second one is restriction of
water as solvent. In 1857 Faraday used a two

Fig. 2: Gold Nanorods

phase method which is capable of producing
thermally and air stable gold nanosphere of

Gold nanorods are generally synthesized

reduced dispersity and well-controlled size

using the template method, based on the

(usually 10 nm in diameter) and was

electrochemical deposition of gold within

reported in 1993 [6]. Later in this technique

the pores of nanoporous polycarbonate or

a phase transfer reagent was added, such as

alumina template membranes.[ 11 , 12 ]

tetraoctylammonium bromide [7]. There are

Generally diameter of the gold nanorod is

also various other methods have been

determined by the pore diameter of the

investigated for gold nanosphere synthesis

template membrane, while the length of the

such as the use of other reluctant or ligands

nanorod can be controlled through the

[ 8 -10]. Biocompatible block copolymers

amount of gold deposited within the pores of

have been employed for the synthesis of

the membrane. The main disadvantage of

sterically stabilized gold nanospheres in

this

aqueous solution [ 9 ]. In human shell the

monolayer of nanorods is prepared. Gold

growth of gold nanosphere has also been

nanorods can also be formed through

reported [10 ].

electrochemical synthesis which is also been

method is low yield since one
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reported [13-15]. Moreover, gold nanorods

gold nanoshells (as figure 3)can be designed

can be produced in quantitative yield with

and

the addition of AgNO3 [14,15]. Besides the

resonance (SPR) peaks ranging from the

methods mentioned above, several other

visible to the NIR region [ 20 ]. Gold

approaches have also been investigated for

nanoshells with surface plasmon resonance

the fabrication of gold nanorods, including

peaks in the NIR region can be prepared by

bio-reduction [16], growth on mica surface

coating silica or polymer beads with gold

[17], and photochemical synthesis [18].

shells of variable thickness [21, 22]. Small

fabricated

with

surface

plasmon

gold nanospheres (2–4 nm in diameter) can
be attached to the silica core using an amine-

GOLD NANOSHELLS

Fig. 3: Gold Nanoshells
terminated silane as a liner molecule,
Optical imaging, include those that uses gold

allowing additional gold to be reduced until

nanoparticles as the contrast agents, has very

the seed particles coalesced into a complete

limited applications in human studies.

shell.[23] The diameter of the nanoshell is

However, in the near-infrared region (NIR)

determined by the diameter of silica core and

(700–900 nm), the absorbance of all

shell thickness can be controlled by the

biomolecules

which

amount of gold deposited into the core. Gold

provides a relatively clear window for

nanoshells have also been synthesized via in

optical imaging [ 19 ]. By varying the

situ gold nanoparticle formation using

composition and dimensions of the layers,

thermosensitive core-shell particles as the

reaches

minimum
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template [24]. The use of microgel as the

dimension and wall thickness of the resultant

core offers significantly reduced particle

gold nanocages could be readily controlled,

aggregation, as well as thickness control of

to very high precision, by adjusting the

the gold nanoshells using electroless gold

molar ratio of silver to HAuCl4.

plating. In a study, a virus scaffold has been
used to assemble gold nanoshells. This

SERS NANOPARTICLE

approach may potentially provide cores with
a narrower size distribution and smaller
diameters (<80 nm) than those of silica [25].
GOLD NANOCAGES

Fig. 5: SERS nanoparticles
Another type of gold-based nanoparticles,
with excellent surface enhanced Raman
scattering properties is termed as “SERS
Fig. 4: Gold nanocages

nanoparticles”(as figure 5). SERS is an
optical

technique

that

offers

various

Gold nanocages (as figure 4) with

advantages over traditional technologies,

controllable pores on the surface have been

such

synthesized via galvanic replacement

chemiluminescence,

reaction between truncated silver nanocubes

sensitivity, high levels of multiplexing,

and aqueous HAuCl4.[26] The silver

robustness, and superior performance in

nanostructures, used as a sacrificial template,

blood and other biological matrices [29, 30].

can then be transformed into gold

In a report, gold nanospheres (∼13 nm in

nanostructures with hollow interiors via the

diameter)

galvanic replacement.[27, 28] The

alkylthiolcapped

as

fluorescence

and

including

better

modified

with

Cy3-labeled,

oligonucleotide

strands
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were used as probes to monitor the presence

APPLICATION OF GOLD

of specific target DNA strands [ 31 ].

NANOPARTICLE IN CANCER

Subsequently, various other reports have

THERAPY

also used SERS nanoparticles. In one study,

The

gold nanospheres whose diameter is 60 nm

intervention

were encoded with a Raman reporter and

chemotherapy,

stabilized

thiolated

therapy. These strategies have some unique

polyethylene glycol (PEG) [ 32 ]. Another

properties. Taking advantage of their unique

type of SERS nanoparticle is composed of a

properties, most studies of AuNP based

gold core, a Raman-active molecular layer,

cancer therapy have used photo thermal

and a silica coating [33]. The silica coating

therapy for destruction of tumor tissue or

can ensure physical robustness and inertness

cancer cells which may be useful in clinical

to various environmental condition.

setting. When irradiated with focused laser

with

a

layer

of

most

trusted

strategies

generally
surgery

cancer
includes

and

radiation

pulses of suitable wavelength, targeted gold
GENERAL APPLICATION OF GOLD

nanospheres,

NANOPARTICLE

nanocages can kill bacteria [38] and cancer

There are versatile properties of gold

cells [39-40]. It was estimated that 70–80 °C

nanoparticles have been employed for

was achieved through light absorption by the

biomedical application in many areas. As for

gold nanoparticles [ 41 ] and up to 150

example it has a huge area in ex vivo and in

antibodies can be conjugated to a nanoshell

vivo imaging (e.g., reflectance, raman [34]

through a PEG linker [ 42 ]. Since the

etc.). It also includes in vitro assays (e.g.,

absorbance wavelength (in the visible range)

DNA [35], immunoassay) and drug delivery

of small gold nanospheres is not optimal for

(e.g. TNF-α [36], MTX [37]). But we are

in vivo applications, the assembly of gold

going to

use of gold

nanoclusters on the cell membrane was

nanoparticles in cancer therapy (e.g. photo

investigated.[43] In one recent study, human

thermal, radio or photo sensitizer etc.).

breast carcinoma cells incubated with gold

discuss

about

nanorods,

nanoshells,

and

nanoshells were found to undergo photo
thermally induced morbidity upon exposure
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to NIR light [44]. In vivo testing revealed

Besides

photothermal

therapy,

gold

that exposure to low dose NIR light in solid

nanoparticles have also been investigated in

tumors treated with gold nanoshells results

other therapeutic studies. As for example

significant average temperature increase,

phthalocyanine stabilized gold nanospheres

capable of inducing irreversible tissue

(2–4 nm in diameter) have been reported for

damage, while the controls much lower

photodynamic therapy of cultured tumor

average temperature when exposed to NIR

cells [ 49 ]. Gold nanoparticles have been

light and appeared undamaged [ 45 ]. In a

shown to enhance the antiproliferation and

report, it was suggested that 5000 gold

apoptosis of human hepatoma cells induced

nanoshells per prostate cancer cell was

by Paclitaxel, a chemotherapeutic drug.[50]

needed to achieve cell kill [46]. In one recent

A recent study has also shown that

study, all tumors treated with the NIR laser

enhancement of radio sensitivity can be

were ablated and the mice appeared tumor

achieved due to the increased absorption of

free for several months while tumors in

ionizing radiation by the gold nanoparticles,

control animals (NIR laser treatment without

which in turn caused breaks in single- and

nanoshell injection) continued to grow. In

double-stranded DNA [51]. Although it was

another study, 93% of tumor necrosis and

proposed that targeting the DNA of cancer

regression was observed in a high dose

cells with gold nanoparticles may offer a

nanoshell (8.5 μL/g) treated group [47]. The

novel approach which is generally applicable

use of monocytes into hypoxic regions

to external beam radiotherapy treatments,

within tumors has been exploited for photo-

but achieving DNA targeting in vivo is very

induced cell killing with old nanoshells [48].

difficult.

REFERENCES
1.

Praetorius NP, Mandal TK. Engineered nanoparticles in cancer therapy. Recent Pat Drug

Deliv Formul 2007;1:37–51.

7

(www.newresearch.in/wrjpt) A Kundu et al | January, 2016, WRJPT, 2(2)

ISSN: 2454-5546

Pharma technology
2.

Review Article

Mukherjee P, Bhattacharya R, Bone N, Lee YK, Patra CR, Wang S, et al. Potential
therapeutic application of gold nanoparticles in B-chronic lymphocytic leukemia (BCLL):
enhancing apoptosis. J Nanobiotechnol 2007;5:4.

3.

Porcel E, Liehn S, Remita H, Usami N, Kobayashi K, Furusawa Y, et al. Platinum
nanoparticles: a promising material for future cancer therapy? Nanotechnology
2010;21:85–103.

4.

Turkevich J, Stevenson PC, Hillier J. 1951. The nucleation and growth processes in the
synthesis of colloidal gold. Discuss Faraday Soc, 11:55–75.

5.

Frens G. 1973. Controlled nucleation for the regulation of the particle size in
monodisperse gold suspensions. Nature, 241:20–2.

6.

Giersig M, Mulvaney P. 1993. Preparation of ordered colloid monolayers by
electrophoretic deposition. Langmuir, 9:3408–13.

7.

Brust M, Walker M, Bethell D, et al. 1994. Synthesis of thiol-derivatized gold
nanoparticles in a two-phase liquid-liquid system. J Chem Soc Chem Commun, 801–2.

8.

Leff DV, Brandt L, Heath JR. 1996. Synthesis and characterization of hydrophobic,
organically soluble gold nanocrystals functionalized with primary amines. Langmuir,
12:4723–30.

9.

Yuan JJ, Schmid A, Armes SP, et al. 2006. Facile synthesis of highly biocompatible
poly(2-(methacryloyloxy)ethyl phosphorylcholine)- coated gold nanoparticles in aqueous
solution. Langmuir, 22:11022–7.

(www.newresearch.in/wrjpt) A Kundu et al | January, 2016, WRJPT, 2(2)

2

ISSN: 2454-5546

Pharma technology
10.

Review Article

Anshup A, Venkataraman JS, Subramaniam C, et al. 2005. Growth of gold nanoparticles
in human cells. Langmuir, 21:11562–7.

11.

Martin CR. 1994. Nanomaterials: a membrane-based synthetic approach. Science,
266:1961–6.

12.

van der Zande BMI, Boehmer MR, Fokkink LGJ, et al. 1997. Aqueous gold sols and rodshaped particles. J Phys Chem B, 101:852–4.

13.

Reetz MT, Helbig W. 1994. Size-selective synthesis of nanostructured transition metal
clusters. J Am Chem Soc, 116:7401–2.

14.

Jana NR, Gearheart L, Murphy CJ. 2001a. Seed-mediated growth approach for shapecontrolled synthesis of spheroidal and rod-like gold nanoparticles using a surfactant
template. Adv Mater, 13:1389–93.

15 .

Jana NR, Gearheart L, Obare SO, et al. 2002. Anisotropic chemical reactivity of gold
Spheroids and nanorods. Langmuir, 18:9227.

16.

Canizal G, Ascencio JA, Gardea-Torresday J, et al. 2001. Multiple twinned gold nanorods
grown by bio-reduction techniques. J Nanopart Res, 3:475–81.

17.

Mieszawska AJ, Zamborini FP. 2005. Gold nanorods grown directly on surfaces from
microscale patterns of gold seeds. Chem Mater, 17:3415–20.

18.

Kim F, Song JH, Yang P. 2002. Photochemical synthesis of gold nanorods. J Am Chem
Soc, 124:14316–7.

(www.newresearch.in/wrjpt) A Kundu et al | January, 2016, WRJPT, 2(2)

3

ISSN: 2454-5546

Pharma technology
19.

Review Article

Frangioni JV. 2003. In vivo near-infrared fl uorescence imaging. Curr Opin Chem Biol,
7:626–34.

20.

Oldenburg SJ, Westcott SL, Averitt RD, et al. 1999b. Surface enhanced Raman scattering
in the near infrared using metal nanoshell substrates. J Chem Phys, 111:4729–35.

21.

Caruso F, Spasova M, Salgueirino-Maceira V, et al. 2001. Multilayer assemblies of
silica-encapsulated gold nanoparticles on decomposable colloid templates. Adv Mater,
13:1090–4.

22.

Oldenburg SJ, Averitt RD, Westcott SL, et al. 1998. Nanoengineering of optical
resonances. Chem Phys Lett, 288:243–7.

23.

Oldenburg SJ, Jackson JB, Westcott SL, et al. 1999a. Infrared extinction properties of
gold nanoshells. Appl Phys Lett, 75:2897–9.

24.

Suzuki D, Kawaguchi H. 2005. Gold nanoparticle localization at the core surface by
using thermosensitive core-shell particles as a template. Langmuir, 21:12016–24.

25.

Radloff C, Vaia RA, Brunton J, et al. 2005. Metal nanoshell assembly on a virus
bioscaffold. Nano Lett, 5:1187–91.

26.

Chen J, McLellan JM, Siekkinen A, et al. 2006. Facile synthesis of gold-silver nanocages
with controllable pores on the surface. J Am Chem Soc, 128:14776–7.

27.

Chen J, Saeki F, Wiley BJ, et al. 2005. Gold nanocages: bioconjugation and their
potential use as optical imaging contrast agents. Nano Lett, 5:473–7.

(www.newresearch.in/wrjpt) A Kundu et al | January, 2016, WRJPT, 2(2)

4

ISSN: 2454-5546

Pharma technology
28.

Review Article

Chen J, McLellan JM, Siekkinen A, et al. 2006. Facile synthesis of gold-silver nanocages
with controllable pores on the surface. J Am Chem Soc, 128:14776–7.

29.

Sha MY, Xu H, Penn SG, et al. 2007. SERS nanoparticles: a new optical detection
modality for cancer diagnosis. Nanomed, 2:725–34.

30.

Hering K, Cialla D, Ackermann K, et al. 2008. SERS: a versatile tool in chemical and
biochemical diagnostics. Anal Bioanal Chem, 390:113–24.

31.

Cao YC, Jin R, Mirkin CA. 2002. Nanoparticles with Raman spectroscopic fingerprints
for DNA and RNA detection. Science, 297:1536–40.

32.

Qian X, Peng XH, Ansari DO, et al. 2008. In vivo tumor targeting and spectroscopic h
surface-enhanced Raman nanoparticles tags. Nat Biotechnol, 26:83–90.

33.

Keren S, Zavaleta C, Cheng Z, et al. 2008. Noninvasive molecular imaging of small
living subjects using Raman spectroscopy. Proc Natl Acad Sci U S A, 105:5844–9.

34.

Laurent G, Felidj N, Truong SL, et al. 2005. Imaging surface plasmon of gold
nanoparticle arrays by far-fi eld Raman scattering. Nano Lett, 5:253–8.

35.

Lal S, Grady NK, Goodrich GP, et al. 2006. Profi ling the near fi eld of a plasmonic
nanoparticle with Raman-based molecular rulers. Nano Lett, 6:2338–43.

36.

van Horssen R, Ten Hagen TL, Eggermont AM. 2006. TNF-alpha in cancer treatment:
molecular insights, antitumor effects, and clinical utility. Oncologist, 11:397–408.

(www.newresearch.in/wrjpt) A Kundu et al | January, 2016, WRJPT, 2(2)

5

ISSN: 2454-5546

Pharma technology
37.

Review Article

Huennekens FM. 1994. The methotrexate story: a paradigm for development of cancer
chemotherapeutic agents. Adv Enzyme Regul, 34:397–419.

38.

Zharov VP, Mercer KE, Galitovskaya EN, et al. 2006b. Photothermal nanotherapeutics
and nanodiagnostics for selective killing of bacteria targeted with gold nanoparticles.
Biophys J, 90:619–27.

39.

Loo C, Lowery A, Halas N, et al. 2005b. Immunotargeted nanoshells for integrated
cancer imaging and therapy. Nano Lett, 5:709–11.

40.

Tong L, Zhao Y, Huff TB, et al. 2007. Gold nanorods mediate tumor cell death by
compromising membrane integrity. Adv Mater, 19:3136–41.

41.

Huang X, Jain PK, El-Sayed IH, et al. 2006b. Determination of the minimum
temperature required for selective photothermal destruction of cancer cells with the use of
immunotargeted gold nanoparticles. Photochem Photobiol, 82:412–17.

42.

Lowery AR, Gobin AM, Day ES, et al. 2006. Immunonanoshells for targeted
photothermal ablation of tumor cells. Int J Nanomedicine, 1:149–54.

43.

Zharov VP, Galitovskaya EN, Johnson C, et al. 2005. Synergistic enhancement of
selective nanophotothermolysis with gold nanoclusters: potential for cancer therapy.
Lasers Surg Med, 37:219–26.

44.

Hirsch LR, Stafford RJ, Bankson JA, et al. 2003b. Nanoshell-mediated near-infrared
thermal therapy of tumors under magnetic resonance guidance. Proc Natl Acad Sci U S A,
100:13549–54.

(www.newresearch.in/wrjpt) A Kundu et al | January, 2016, WRJPT, 2(2)

6

ISSN: 2454-5546

Pharma technology
45.

Review Article

Hirsch LR, Stafford RJ, Bankson JA, et al. 2003b. Nanoshell-mediated near-infrared
thermal therapy of tumors under magnetic resonance guidance. Proc Natl Acad Sci U S A,
100:13549–54.

46.

Stern JM, Stanfi eld J, Lotan Y, et al. 2007. Effi cacy of laser-activated gold nanoshells
in ablating prostate cancer cells in vitro. J Endourol, 21:939–43.

47.

Stern JM, Stanfi eld J, Kabbani W, et al. 2008. Selective prostate cancer thermal ablation
with laser activated gold nanoshells. J Urol, 179:748–53.

48.

Choi MR, Stanton-Maxey KJ, Stanley JK, et al. 2007. A cellular Trojan horse for
delivery of therapeutic nanoparticles into tumors. Nano Lett, 7:3759–65.

49.

Wieder ME, Hone DC, Cook MJ, et al. 2006. Intracellular photodynamic therapy with
photosensitizer-nanoparticle conjugates: cancer therapy using a ‘Trojan horse’.
Photochem Photobiol Sci, 5:727–34.

50.

Wei XL, Mo ZH, Li B, et al. 2007. Disruption of HepG2 cell adhesion by gold
nanoparticle and Paclitaxel disclosed by in situ QCM measurement. Colloids Surf B
Biointerfaces, 59:100–4.

51.

Zheng Y, Hunting DJ, Ayotte P, et al. 2008. Radiosensitization of DNA by gold
nanoparticles irradiated with high-energy electrons. Radiat Res, 169:19–27.

7

(www.newresearch.in/wrjpt) A Kundu et al | January, 2016, WRJPT, 2(2)

