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Abstract  Cancer, one of the leading causes that bring 
confirm death, is the subject of widespread fear and taboos. 
Although the complete elimination of cancer hasn’t been 
discovered yet, “the war against cancer” has already been 
declared worldwide and research works are ongoing for 
cancer medicines. This paper presents a review on “Gold 
Nano Particle (GNP)”, a magic bullet which might be the 
timely solution to bring win against cancer malignancy. 
GNPs can be used as cancer drug carriers, contrast agent or 
in target cancer therapy etc. Because cancer cell membrane 
has Nano size holes, the Nano structure of GNP would help it 
to enter the cancer cells. It has also the dissolving abilities, so 
no harm would be done to other parts of the body. By using 
near infrared LASER, localized heating of GNPs is also 
possible to destroy cancer cells. Test on rats using GNPs is 
found successful and the implementation on human is a 
matter of time. In Vitro and In Vivo observations on GNPs 
show much promises in near future. 
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1. Introduction 
According to GLOBOCAN database of International 

Agency for Research on Cancer (IARC), WHO, an estimated 
14.1 million new cancer cases and 8.2 million cancer-related 
deaths occurred in 2012, compare to 12.7 and 7.6 million, 
respectively, in 2008 [1]. It is feared to raise the cancer cases 
to 22 million within next two decades. Major cancer deaths 
due to cancer in 2012 includes: lung cancer (1.59 million), 
liver (0.745 million), stomach (0.723 million), colorectal 
(0.649 million), breast (0.521 million) and esophageal cancer 
(0.40 million) [1]. Cancer is the sixth leading cause of death 
in Bangladesh; currently about 12 lakh cancer patients have 
been identified and every year around two lakh new people 
are being attacked by cancer and 1.5 lakh people die of it. 
IARC has assessed cancer-related death rate in Bangladesh 
was 7.5% in 2005 and projected to increase up to 13% by 
2030 if immediate preventive and curative actions are not put 
into practice. 

In 2013, WHO launched the Global Action Plan for the 
Prevention and Control of cancer [2], but still there has been 
no confirm solution how cancer can be cured. The National 
Cancer Institute (NCI) of US believes that nanotechnology 
could be the solution to cancer and has launched a plan of 
actions for achieving this great goal of harnessing power of 
nanotechnology to create a way to diagnose cancer and to 
locate and destroy these cancerous cells in the person’s body 
with the help of nanotechnology [3]. Various nonorganic 
nanoparticles like Gold Nanoparticles (GNPs), SPIONs 
(Super Paramagnetic Iron Oxide Nanoparticles) and 
quantum dots (QDs) could be used as cancer Nano medicine. 
Of all nanoparticles, GNP hints the most promising future to 
cure cancer diseases because of its dissolve properties, small 
size, non-toxicity etc. Special magnetic characteristics are 
also found in GNPs which can be used to increase heat by 
MRI or X-Ray machine; those increased heat can be tooled 
to destroy cancer cells. In Vitro and In Vivo observations on 
GNPs are ongoing and significant result has been found. This 
paper reviews these special applications of GNPs in cancer 
treatments to have a clear insight of the futures of 
nanoparticle in medical treatment. 

2. Background Study 
(i) Overview of Cancer Treatment: 

Cancer is a broad class of diseases characterized by 
out-of-control cell growth. Normal body cells grow, divide, 
and die in an orderly fashion and much faster in childhood. 
As the person grows adult, most cells divide only to replace 
worn-out or dying cells or to repair injuries. Cancer harms 
the body when damaged cells divide uncontrollably to form 
lumps or masses of tissue, called tumors. Tumors eventually 
grow and interfere with the digestive, nervous, and 
circulatory systems and release hormones that alter body 
function. Tumors also spread to other parts of the body 
through the blood and lymph, grow, invade and destroy other 
healthy tissues [4]. This process itself is called metastasis, 
and the result is a serious condition that is very difficult to 
treat. The series of mutations that alters the behavior of cell 
individually is presented in Figure1 with a comparison with 
normal cell growth. 
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Figure 1.  Comparison of abnormal cell division with normal healthy cells [5] 

understood. The chances of surviving from this disease vary 
greatly by the type and location of the cancer and the extent 
of the disease at the start of treatment. Primary prevention, 
early detection, prompt diagnosis, appropriate treatment, and 
palliative care are the main strategies for cancer control. 
Treatment of cancer is complex, involving a range of 
therapies like surgery, radiotherapy, immunotherapy and 
chemotherapy (including hormonal manipulation) with 
psychological support. Still these therapies seek alternative 
because of some concerning side effects like infection, 
weight loss, fall in blood count, hair loss, nausea, vomiting, 
constipation, diarrhea, anemia, depression of the immune 
system etc. Having no target specificity, generic cancer drug 
not only kills cancer cells but also kills neighbor healthy cells; 
hence confirms toxicity. All these problems have led to the 
only solution Nano Medicine, the direct medical application 
of nanotechnology [6]. 

(ii) Concept of Nanotechnology: 

Nanotechnology is not the simple technology of matters 
in reduced nanometer scale. Materials in the nanometer 
scale often exhibit some physical properties which is 
completely different from its bulk form. In US, 
nanotechnology has been defined as being “concerned with 
materials and systems whose structure and components 
exhibit novel and significantly improved physical, chemical 
and biological properties, phenomena and processes due to 
their Nano scale size” [7]. In general, nanotechnology deals 
with Nano materials, nanostructures and nanoparticles. 
Nano-materials are those which have structured component 
with at least one dimension less than 100 nm. A 
nanostructure is an atomic structure of Nano scale, size no 
longer than 100 nm. Particle satisfies this criterion is called 
nanoparticle. Nanoparticles’ usages have already been 
explored; for instance, Cerium Oxide nanoparticles act as 
an antioxidant in traumatic injury. Silicon Dioxide 
crystalline nanoparticles are now being used to 
strengthening tennis racquets. Carbon fibers, silver 
nanoparticles have usage in fabric like killing bacteria, 

making clothing odor-resistant etc. Iron nanoparticles are  
 

commonly used to clean up carbon tetrachloride pollution in 
ground water. Silicon nanoparticles coating anodes of 
lithium-ion batteries can increase battery power and reduce 
recharge time etcetera. Nonorganic nanoparticles like GNPs, 
SPIONs, QDs, Albumin bound paclitaxel are proposed to be 
used as cancer Nano medicine. Of them, GNPs have exciting 
features to be the global cancer medicine. 

3. Gold Nano Particles (GNPs) 
GNPs are simply the nanoparticles of gold atoms [8]. In 

recent years there has been an explosion in GNP research in 
diverse fields including imaging, bioengineering and 
molecular biology [9]. The rapid increases in GNP 
publication graph (shown in Figure 2) testify this claim. 

 
Figure 2.  Year by Year Publications on Gold Nano Particles (Gnps) in 
Last Two Decades [10] 

Synthesis of other metal nanoparticles may be achieved by 
reducing metal salts in organic solvents (like ethanol), but 
gold nanoparticles synthesis is different, by either: 

1) Reduction of HAuCl4 (Chloro-auric acid) in a solution 
of sodium citrate; further boiling in a wine-red 
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solution cause gold nanoparticles to form. 
2) Mixing HAuCl4in water to produce a solution that is 

subsequently transferred into toluene 
usingtetraoctylammonium bromide (TOAB), a phase 
transfer catalyst. Afterwards, the solution is stirred 
with sodium boro hydride, in the presence of certain 
alkanes which bind to the gold in the solution, 
allowing the formation of gold nanoparticles. 

GNP in Cancer Treatment 

Gold nanoparticles shows much promises as an agent for 
cancer therapy and has been researched thoroughly as drug 
carriers, contrast agents or in target therapy etc. Prospect of 
GNPs in cancer treatment with comparisons with alternates 
is discussed below. 

3.1. Porous Cancer Cell Membrane 

There are some marked difference between the outer coat 
or membrane of cancer cells and that of normal cells. The 
outer membrane of cancer cell is generally porous with holes 
of nano-meter range (Figure 3) [11]. But a normal cell does 
not have any pores. So nanometer GNPs can penetrate cancer 
cells easily and deliver carried cancer drugs. Whereas normal 
cells with no pore would remain unaffected. 

 

Figure 3.  Delivery of Cancer Drugs to Porous Cancer Cell with 
Unaffected Nonporous Cells 

3.2. Water Soluble GNPs 

Gold is one of the few metals that are not rejected by our 
body unlike nickel, titanium [12]. Gold nanoparticles 
(AuNPs) thus provide non-toxic routes to drug and gene 
delivery applications. Researchers at the University of 
Trieste (Italy), The University of Bologna (Italy) and The 
University of Groningen (Netherlands) have successfully 
synthesized gold water soluble nanoparticle, protected by a 
thin layer of fluorinated amphiphillicthiols 
(sulphur-containing organic compound) that justify the claim 
[13]. 

3.3. GNP as Cancer Drug Carrier 

Docetaxel, Doxorubicine, Paclitaxel etcetera well known 
cancer drugs, must be routed the cancer cells to destroy them. 
These drugs can be bonded covalently to GNPs and enable 
GNPs as drug carrier. Thus, GNP would act as a bus that 
carries passengers of cancer drugs. When the bus reaches the 
destination, passengers normally leave the bus. Similarly 
when GNPs reach the cancer cell, the drug would react with 
the cancer cells leaving GNPs behind. Example of such drug 
carrier GNP is GNP-paclitaxel [14], where two nm GNPs 
covalently functionalized with the chemotherapeutic drug, 
paclitaxel. The covalent bond of GNP with paclitaxel is done 
by a flexible hexa-ethylene glycol linker at the C-7 position 
of paclitaxel followed by phenol-terminated gold Nano 
crystals (shown in Figure 4). Paciotti et al. described that, 
coating of 26 nm Au particles with a mixture of tumor 
necrosis factor (TNF), polyethylene glycol and paclitaxel is 
capable of targeted drug delivery to solid tumors. 

There are several techniques which is used to drug 
formulation and delivery, especially the production of 
nanosized drugs and pharmaceuticals. Mostly used 
technique is to penetrate a cell via passive diffusion across 
the lipid bilayer in a needle-like manner [15]. How much 
drug will be loaded that depends on the following equation: 

Drug Loading (%) = 
 Mass of drug in nanoparticles

 Mass of  nanoparticles
X 100 

The basic principle of dissolution rate (the mass of drug 
dissolved at a given time) was given by Noyes & Whitney 
(1897) and is described by the well-known equation: 

𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

=  
𝐷𝐷𝐷𝐷
ℎ

 (𝐶𝐶𝑠𝑠 − C) 

where dM/dt is the mass rate of dissolution, D is the 
diffusion coefficient of the drug in solution, A is the surface 
area of solid in contact with dissolution medium, CS is the 
solubility of the drug, C is the concentration of the drug at 
time t and h is the thickness of the diffusion boundary layer 
at the solid’s surface. 

If a drug is encapsulated into Nano capsules, the drug has 
to traverse the capsule shell prior to reaching the 
surrounding medium. Release can occur by permeation 
through the capsule wall, erosion of the shell or diffusion 
through pores (if existing). The mass rate of permeation 
dM/dt of a drug through the capsule shell can be written 
according to the first law of Fick under sink condition: 

𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

=  
𝐷𝐷𝐷𝐷𝐷𝐷𝐶𝐶𝐷𝐷

ℎ
 

where D is the diffusion coefficient of the drug in the 
capsule shell, A is the surface area, K is the partitioning 
coefficient of the drug between capsule interior and shell, 
CD is the solubility (solid) or concentration (dissolved) of 
the drug in the interior of the capsule and h is the thickness 
of the capsule shell. 
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Figure 4.  Illustration of GNP and paclitaxel covalent bond formation 

3.4. GNP in Target Therapy 

Generic drugs cause harmful side effects due to interaction 
with non-target tissues. But this problem can be mitigated 
using GNPs. GNPs provides targeted therapeutics (i.e. drug 
or gene delivery to specific locations for cancer treatment) 
[16].Receptor is a protein molecule usually found inside or 
on the surface of a cell, which receives chemical signals from 
outside the cell. GNPs could be bound to a receptor, and can 
cause some form of cellular/tissue responses (e.g. change in 
the electrical activity of the cell) which would block the 
growth and spread of cancer by interfering with cancer cells 
involved in tumor growth and progression (Figure 5). 

 

Figure 5.  Illustration of Targeted GNP therapy [17] 

3.5. Liposome GNPs 

If any object is injected from the outside of human body, 
the defense mechanism inside the body shows resistance. 
But, lipid-lipid bilayer liposomes, generally created with two 
lipid layer, can avoid the attack of antibody when implanted. 
They are similar to normal cells in appearance, cover and 
structure; hence, body’s defense mechanism cannot 
differentiate cells from liposome. GNPs, in drug delivery 
case, could be attached with liposome to avoid the attack of 
anti-body. Gold nanoparticles that successfully loaded into 
the bilayer of dipalmitoylphosphatidyl choline (DPPC) 
liposomes are stated as gold-loaded liposomes [18]. After 
targeting the cancer cell this drug will only damage the 

cancer cell, not the normal cell. The existence of gold 
nanoparticles in this DPPC bilayer is confirmed by 
transmission electron microscopy and energy dispersive 
X-ray spectrometers. 

 

Figure 6.  Structure of Liposome 

3.6. No Vaccination by Injection 

Fear of needles, also known as needle phobia, is the 
extreme fear of medical procedures like injections or 
hypodermic needles. Studies suggest that almost 5% of the 
population may be phobic of needles in general while 
children are more afraid of poking by injection. The Adult 
Dental Health Survey (UK) 1988 reported 8% of respondents 
with a fear of injections [19]. This needle problem can be 
solved by nanotechnology, especially with GNPs. GNPs or 
other nanoparticles can be taken orally or it can be rubbed 
into skin [20] for enabling nanoparticles to penetrate through 
skin and enter the blood stream. This procedure is also 
proved safer. 

3.7. GNP Hyperthermia 

Current Hyperthermic cancer therapies include applying 
heat to whole body altogether with cancer cells and other 
tissues, causing damage even to healthy tissues. Using gold 
nanoparticles this problem might be solved. Both In vivo 
(Latin of in life) experiment on a living subject and In vitro 
(in glass, outside of the organism in a test tube or petri dish) 
experiments have been carried out in this regard. After 
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completing the In Vitro studies, the researchers at Rice 
University under Prof. Jennifer West have demonstrated the 
use of 120 nm diameter Nano shells coated with gold to kill 
cancer tumors in mice. By conjugating antibodies or peptides 
to the Nano shell surface, Nano shells can be targeted to bond 
to cancerous cells. When the cancerous area is irradiated 
with a near-infrared LASER (of 808-852 nm), (Figure 7), it 
penetrates deep into the tissue without heating other muscles, 
only heating the nanoparticles to about 1200Fahrenheit, 
results the destruction of targeted cancer cells [21] in around 
30 days. This procedure has been justified by Dr. Dickson K. 
Kirui, Houston Methodist Research Institute [22]. 

 

Figure 7.  Near-infrared laser heating GNPs [23] 

3.8. GNPs as Contrast Agents 

A medical contrast medium (or contrast agent) is a 
substance used to enhance the visibility of internal body 
structures in medical imaging [24]. Several types of contrast 
media are in use in medical imaging, for instance, iodine and 
barium are using frequently for enhancing x-ray-based 
imaging methods. The properties of GNPs including small 
size, biocompatibility, high atomic number (high-Z) and the 
ability to bind targeting agents prove that they have 
potentials as contrast agents. 

Mass attenuation coefficient is another important term 
defines the measurement of how strongly a chemical species 
or substance absorbs or scatters light at a given wavelength. 
It is seen that at energies above 80 KeV, the mass attenuation 
of gold is higher than that of iodine, suggesting that better 
contrast would be achieved with gold. For instance, at 100kV, 
the mass attenuation for gold is 5.16cm2g-1, 1.94cm2g-1 for 
iodine, 0.186cm2g-1 for bones and 0.169cm2g-1 for soft tissue. 
It is obvious gold provides 2.7 times more contrast per unit 
weight than iodine. 

4. Limitations of GNPs 
Regardless of many features of GNP as the solution to 
cancer, there are some marked limitations too. Though GNP 
promises greatly not to cause major harm human body, it is 
still unknown how much it will affect the body. Hence, 

GNP is still not tasted in human being and extensive In Vivo 
technique is yet to perform. There might be some side 
effects and scientists are not risking any human life without 
absolute confirmation. Again, GNP said to be rubbed into 
skin, but there are some other researchers who showed that 
it is not possible or if possible not much of the GNP will 
penetrate the skin [25].The major limitation of GNP is its 
high production cost and unavailability in the market. As 
scientists are not collaborating their initial findings and 
ideas with each other due to rigid terms and conditions of 
research organizations, GNP prospects like carrier drug, 
targeted therapy, liposome GNP all are getting invented in 
different lab considering different perspectives. Therefore, 
after satisfying all issues, it will take longer time to market 
GNP cancer drug at the cheaper rate. 

5. Conclusions 
Researches have confirmed that GNPs have many 

properties that are attractive for using in cancer therapy and 
have the ability to destroy cancer cells if properly applied. 
Still it can’t be applied directly in cancer treatment unless the 
minimized cost factor is confirmed with increased 
effectiveness of cancer cure. State of art researches on GNPs 
are ongoing and will continue until the peak of success is 
reached. It is not too far that GNPs eradicates the cancer 
completely; the whole world is eagerly waiting for that 
glorious day. 
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