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INTRODUCTION 
The economic and societal impact of Green 

nanotechnology is revolution unfolds to unleash its 
power on our day-to-day lives. Green nanotechnology 
is an interdisciplinary rapidly developing knowledge 
base at the interface of chemistry, physics, medical, 
engineering. The convergence of nanotechnology and 
biomedical science opens the possibility for a wide 
variety of biological research topics and medical uses at 
the molecular and cellular level. Current and future 
research achievements in nanobiotech could ultimately 
lead to the development of revolutionary new 
modalities of biomolecular manufacturing, early 
diagonosis, medical treatment and disease prevention 
beyond the cellular level to that of individual proteins 
[14]. Biosynthesis is a kind of bottom up approach where 
the main reaction occuring is reduction/oxidation. The 
three main steps in the preparation of nanoparticles 
that should be evaluated from green chemistry 
perspective are the choice of the solvent medium used, 
the choice of an environmentally beingn reducing 
agent and the choice of a non toxic material for the 
stabilization of the nanoparticle [5]. Toxic chemicals are 
utilized in several of the processes for production of 
nanoparticles, either in the form of reducing agents to 
reduce various metal salts to their corresponding 
nanoparticles, or as stabilizing agents to prevent 
agglomeration of nanoparticles. For example, 
hydrazine and sodium borohydride are powerful 
reducing agents that are currently used to produce 
gold and other metallic nanoparticles[4,6]. These 
reducing agents are highly toxic to living organisms and 
to the environment, and care must be exercised in their 
proper handling and disposal of toxic chemicals.  

 
 

 
Results indicate that large scale production of 

nanoparticles using phytochemicals occurring in 
natural resources such as plant species will minimize or 
eliminate chemical interventions, thereby resulting in 
true green and non-polluting eco-friendly industrial 
processes for the manufacture of nanoparticle-based 
smart materials [8,14]   

  
Nanotechnology has at last provided a way for us 

to rearrange and restructure matter on an atomic 
scale, allowing us to reach down to the very roots of 
any problem. Provided that we can thoroughly 
understand the problem on an atomic scale and 
develop the know-how to turn our innovative ideas for 
the perfect solution into reality, we now have all the 
tools that we need to combat the highly scaring 
disease, cancer. [5,16]  
 

Nanotechnology preventive approach  
In fact, nanotechnology-based treatments are no 

more challenging to devise than the currently used 
disease-time treatment methods. Nonetheless, it 
requires time and monetary investments to develop 
such treatment methods in short time. Preventive 
treatments are not much good to those who have 
already developed the disease and since these are the 
people who require the most immediate medical help, 
it is no wonder that a majority of innovative treatments 
are focused here.  

 
Pioneering work was carried out by the 

researchers to administer the nanoparticle drug 
formulation directly to the tumour cells. This was done 
partly to minimise the uptake of the spheres by 
macrophages and partly to improve the comparison of 
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the effectiveness of this new treatment with 
Cremophor EL (drug for prostate cancer treatment). 
The results indicated the survival rates of the mice 
treated with the Cremophor EL suspension were much 
lower than those treated with conjugated 
nanoparticles. Furthermore, tumour growth, which 
was also monitored, was actually reversed with the use 
of conjugated nanoparticles at  24 mg/kg for the period 
of observation [34].   

 
A second potential treatment landmarks to gold 

nanoparticles which readily absorb laser radiation and 
convert it to heat [5,12]. To achieve the desired results, 
one may use commercially available gold nanoparticles 
and conjugate them to certain recognition molecules 
engineered to target CD8+ lymphocyte cells. To 
distinguish between CD8+ and regular lymphocytes 
under a fluorescence microscope, a fluorescent dye (R-
phycoerythrin) conjugated to anti-CD8 IgG antibodies 
was used. Each type of latex microspheres (Iron-oxide 
doped) was conjugated to recognise the CD8+ protein 
imbedded within the cell membranes. The cells under 
study were first labelled with a general fluorescent dye 
that was non-cell-specific. The cells were then 
conjugated to both kinds of particles and the 
population labelled with latex microspheres was 
analysed by a FITC fluorescence microscope. The cells 
were briefly irradiated with a 532nm or 565nm laser  for 
10 ns pulses for the nanoparticle run.These were kept 
approximately 100 ns after irradiation. The 
observations showed an interesting phenomenon 
known as cavitation due to phase transition. Cavitation 
is caused by the rapid temperature increase, which 
causes the water in the immediate vicinity of the 
particle to vapourise and to form a bubble as the 
vapour pressure overcomes the surface tension of the 
liquid. As the bubble grows in volume, it cannot sustain 
itself and collapses inward. The impact can be so 
violent that for smaller particles, it can cause 
fragmentation. Particle fragments have been observed 
which support this phenomena[25]. This phenomena is 
believed to be the mechanism of cell destruction and 
responsible for the subsequently observed cell death. 
Cell death was confirmed by the leaking out of the 
fluorescent dye due to lacerated cell membranes. 

 
The conclusions to be drawn from this study are 

that light-responsive nanoparticles are potent tools for 
nanosurgery and cancer treatment. They are highly 
effective cell-destruction agents that can be targeted 
quite effectively at specific cell types by the use of the 
appropriate recognition molecules. As one of the 
leading applications of nanoparticles, this technique 
deserve extra attention from prospective researchers. 
In fact, some current investigations have successfully 
applied this technology to biological systems in vivo 
[8,14,17]. A study done on mice has recently shown to be 
just as effective in leading to complete remission and 

elimination of malignant tumours, and is scheduled to 
enter clinical trials in humans in the near future [34] . 
Finally, the third nanoparticle method for direct cell 
destruction to be discussed is the magnetic 
nanoparticle hyperthermia method[43]. This study was 
done in vivo with murine mammary carcinoma cells 
transplanted in the hind leg of mice. The mice were 
treated for 30 minutes at a steady intratumoural 
temperature of 47ºC. The study was the first to use 
nanoionised particles to achieve hyperthermic 
conditions and has managed to prove the method to 
be quite effective[44].  

 
In the study, nanoparticles were used to coat the 

tumour cells, which were then subjected to magnetic 
fields from 50 kHz to 100 kHz using a prototype AC 
magnetic field applicator. One benefit of using this 
method is that it can be applied internally, thus 
opening up the prospect of treating types of cancer 
that involve deep-seated tissues and organs. The 
particles, which consist of aminosilan shell magnetite 
with a core diameter of about 10 nm, are strongly 
adhesive to human colon adenocarcinoma cells. 
However, this effect is either far decreased or not 
observed at all with other kinds of cells, making 
prospective conjugation to recognition ligands 
(artificial antibodies) [42]. 

 
Furthermore, basic anatomy and biology tell us 

that cells within the human body get a vast majority of 
their nutrients and energy from the bloodstream, and 
likewise use the bloodstream to eliminate the toxins. 
Cells that are cut off from circulation quickly undergo 
necrosis and are effectively eliminated. Therefore, our 
goal is to separate the tumour from the circulation in 
order to kill it. Numerous studies have explored the 
possibility of isolating cancer tumours from the 
bloodstream. One that is exemplary will be discussed 
here [44]. The underlying principle of the study is that 
the cells within the growing tumour produce and send 
out basic Fibroblast Growth Factor (bFGF) 
accompanied by Vascular Endothelial Growth Factor 
(VEGF), the  combination of which stimulates the 
development of new capillaries that grow into the 
tumour. The study used nanoparticles specifically 
designed to target cells that make up these freshly 
created capillaries by delivering to them ATPm-RAF, or 
pre-synthesised RNA (ribonucleic acid) strands 
responsible for inducing apoptosis. The nanoparticles 
consisted of a core of phospholipids, with the 
hydrophobic tails directed inward, which gave the 
outer surface of the particle a net negative charge. The 
charge allowed for facilitated conjugation of any 
desired DNA or RNA sequence to the particle’s surface. 
Also imbedded in the core were integrin-antagonist 
lipids, whose tails were identical to the phospholipids 
tails, and whose heads served as the targeting moieties 
for the epithelial cells. As a result of intravenous 
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treatment with these nanoparticles in live mice, the 
newly formed capillaries were destroyed; cutting off 
the tumour from circulation and preventing further 
growth. The tumour cells underwent necrosis and were 
eliminated shortly thereafter. 

 
Carbon nanotubes [13] possess interesting property 

of adsorbing materials on their surface and heating up 
upon absorbing near-infrared light wave. In one study 
they showed that cancer cells tend to be coated with 
folate receptors, whereas normal cells are not. This is 
how carbon nanotubes target to cancer cells. When 
exposed to near-infrared light, carbon nanotubes 
quickly release excess energy as heat (~70°C), which 
can kill cancer cells[42]. 

 
Cancer and other disorders often require repeated 

administration of medication, making the development 
of nontoxic pharmaceuticals of major significance in 
modern treatment protocols. From the above 
discussions, it is clear that gold nanoparticulate vectors 
can play a significant role in the advancement of 
clinically useful diagnostic and therapeutic medical 
products. A serious drawback in this effort is the rarity 
of nontoxic gold nanoparticulate constructs and 
formulations that can be administered as described. 
 

Novel nanotechnologies and delivery systems of 
curcumin: 

Diverse curcumin formulations have been 
developed with different nanotechnologies consisting 
of its encapsulation or conjugation with nanoparticles, 
polymeric micelles or liposomes to improve its stability, 
bioavailability and specific and sustained delivery into 
cancer cells and, consequently, its anticarcinogenic 
effects (Fig.1) (19,21,40]. For instance, it has been shown 
that the curcumin encapsulation in biodegradable and 
biocompatible poly (lactic-co-glycolic acid) (PLGA) 
nanospheres resulted in an enhanced intracellular 
uptake of curcumin-loaded polymeric nanospheres and 
improved cytotoxic effects of curcumin on metastatic 
LNCaP, PC3 and DU145 prostate cancer cell lines in vitro 
relative to free curcumin, via the inhibition of NF-κB 
activity [20,40]. Similarly, a PLGA nanoparticle 
formulation of curcumin conjugated with a monoclonal 
antibody specific for ovarian cancer cells also 
sensibilized the cisplatin-resistant A2780CP ovarian 
cancer cells to the anti-proliferative and cytotoxic 
effects induced by cisplatin or radiation via the down-
regulation of the expression of β-catenin, Bcl-xL and 
Mcl-1 pro-survival proteins[40]. The complexation of 
poly-β-cyclodextrin (PCD) and curcumin was also 
effective at improving the intracellular uptake of 
curcumin into C4-2, DU145 and PC3 prostate cancer 
cells and its cytotoxic effects on these cancer cells as 
compared to free curcumin [37]. Moreover, the 
cyclodextrin-curcumin complex formulation was more 
effective than the free curcumin at blocking NF-κB-

induced gene expression such as cyclin D1, MMP-9 and 
VEGF, mediating the anti-inflammatory and anti-
proliferative effects on various cancer cell lines and 
inducing apoptosis in leukemia cells [39]. Moreover, the 
loading of curcumin into the copolymeric micelles of 
poly (ethylene oxide)-b-poly (epsilon-caprolactone) 
(PEO-PCL) has also been shown to be an effective 
strategy to enhance its solubility, metabolic stability 
and delivery in diverse cancer cells [36].   

 
In addition, novel curcumin formulations have also 

been shown to improve the therapeutic effects 
induced by different chemotherapeutic drugs. For 
instance, the systemic administration of gemcitabine 
plus polymeric micelle-encapsulated curcumin 
formulation displaying higher bioavailability in plasma 
and tissues as compared to free curcumin, induced 
greater tumor growth inhibitory and antimetastatic 
effects than curcumin on pancreatic cancer cells 
subcutaneously or orthotopically implanted in nude 
mice via an inhibition of NF-kB and its targeted genes 
[3]. Moreover, the co-administration by oral gavage of 
liposomal forms of curcumin or resveratrol, prepared 
by mixing the phytochemical with the liposomal lipid 1, 
2 - dimyristoyl - rac-glycero-3-phosphocholine, 
cooperatively reduced the incidence of prostatic 
adenocarcinoma development in prostate-specific 
PTEN knockout mice as compared to a single liposomal 
curcumin or resveratrol formulation [23]. It has also 
been shown that curcumin or resveratrol, alone or in 
combination, induced the growth inhibitory and 
apoptotic effects on PTEN-CaP8 prostate cancer cells 
derived from PTEN-knockout mice model of PC by the 
down-regulation of the expression levels of pAkt, cyclin 
D1, the mammalian target of rapamycin (mTOR) and AR 
proteins [23]  

 
Hence, the use of these novel chemical analogs 

and nanotechnology-based formulations of curcumin 
represents a potential alternative strategy of great 
clinical interest for overcoming the high metabolic 
instability and poor bioavailability of curcumin, which 
are among the principal factors limiting its therapeutic 
effects when administrated orally.  
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Fig.1: Tumorigenic cascades initiated by different 
growth factors in cancer cells and the anticarcinogenic 
effects induced by dietary curcumin on the 
transduction signaling elements.  
Courtsey: Murielle Mimeault and Surinder K Batras: 
USA, Chinese Medicine; 2011 
 

The inhibitory effect of curcumin on the expression 
and/or activity of EGFR, erbB2, IGF-1R, and their 
downstream signaling elements, sonic hedgehog 
(SHH/SMO/GLIs), Wnt/β-catenin and ATP-binding 
cassette multidrug transporters such as ABCG2 in 
cancer cells are indicated. Moreover, the enhanced 
expression of p21WAP1 and p27KIP1 cyclin-dependent 
kinase inhibitors and inhibition of mitotic effects 
induced by curcumin resulting in a cell cycle arrest and 
reduced expression levels of different gene products 
involved in the growth, invasion and metastasis of 
cancer cells as well as the activation by curcumin of 
mitochondrial factors and caspase pathway-induced 
apoptosis are also indicated. In addition, the scheme 
also shows novel nanotechnology-based curcumin 
delivery systems consisting of using either a poly(β-
cyclodextrin)-curcumin complex formulation, or a 
polymeric micelle-encapsulated curcumin labeled with 
a ligand or monoclonal antibody (mAb) that specifically 
interacts with a receptor expressing by cancer cells for 
the selective targeting of curcumin are also illustrated.  
 
Cinnamon mediated synthesis: 

The application of phytochemicals available within 
soy, tea and cumin as dual reducing and stabilizing 
agents for the synthesis of gold nanoparticles have 
been reported [6,10,12] The utility of phytochemicals 
concluded within cinnamon as reducing and stabilizing 
agents to synthesize biocompatible gold nanoparticles 
from the precursor gold salts are dealt here. 
Phytochemical constituents of cinnamon include up to 
1-4% of an essential oil, 5-10% polyphenols, 80-90% 
carbohydrates, and other  ingredients  that  include  

gum, mucilage, resin and calcium monoterpenes 
oxalate.[16,18,20,22] 

  
Detailed investigations encompassing  (i)  

cinnamon phytochemicals mediated synthesis of gold 
nanoparticles  (Cin-AuNPs) [28]; detailed 
characterization including  size and shape analysis; (ii) 
cellular toxicity (cytotoxicity) on normal human 
fibroblast cells; (iii) cellular internalization efficacy of 
Cin-AuNPs under  in vitro conditions with cancerous 
(PC-3 and MCF-7) cells; (iv) efficacy of Cin-AuNPs 
toward in vitro detection of cancerous cells (PC-3) 
using  photoacoustic technique; (v) in vivo 
biodistribution of Cin-AuNPs in normal mice; and (iv) 
ability of Cin-AuNPs to serve as contrast enhancers for 
use in CT molecular imaging [31].   

 
Attempted synthesis of gold nanoparticles from 

NaAuCl  has been done with  each of the major 
components present in cinnamon as phytochemicals 
(linalool, epicatechin, catechin and trans-
cinnamaldehyde) depicting a narrow size distribution. 
The hydrodynamic size (155 nm)  of cinnamon coated 
gold nanopaprticles is greater than the core size 
measured by TEM and DCS (32±2 nm) techniques. The 
negative zeta potential  value (-31.0 mV) for the Cin-
AuNPs  provide  the  necessary repulsive forces for the 
particles to remain stable in solution [30]  

 
Results of their experiments have unambiguously 

confirmed that cinnamaldehyde and linalool are the 
primary reducing agents to reduce Au(III) to gold 
nanoparticles. The carbohydrates present in cinnamon 
act as stabilizers for the gold nanoparticles. AuNPs 
demonstrated excellent in vitro stability under pH 4 to 
9 range implying that these nanoparticles can be used 
in a wide pH range for various biomedical applications. 
number of live cells. The experiment performed using a 
wide range of concentrations of Cin-AuNPs (0, 0.25, 
0.5, 0.75 and 1 mg/mL) showed cell viability to ~ 90% for 
24 h post treatment. The primary aromatic aldehydes 
(e.g. benzaldehyde) showed reduction potential in the 
vicinity of -1.5 V, a value that is far below the reduction 
potential of [AuCl4]/Au (+0.99 V) [24]. Considering these 
values, a redox couple of NaAuCl -cinnamaldehyde is 
thermodynamically feasible and therefore 
cinnamaldehyde is able to reduce NaAuCl  to gold 
nanoparticles.  

 

Researchers have recently demonstrated 
internalizations[30]. To internalize negatively charged 
DNA molecules inside the cells, they  utilized  cationic  
ammonium ions as vectors  which interact  effectively 
with a negatively charged cell membrane, facilitating 
the charge-mediated endocytosis [31]. It is important to 
recognize that Cin-AuNPs also have a negative 
potential of -31.0 mV. This means that Cin-AuNPs are 
expected to show minimal or no interaction with a 
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negatively charged cell surface. The phytochemicals 
present in cinnamon  when coated onto AuNPs provide 
optimal charge, hydrophobic pockets, and 
hydrodyanamic sizeall of which singularly or 
synergistically result in excellent internalization of Cin-
AuNPs in PC-3 and MCF-7 cancerous cells. This unique 
synergistic cocktail effect of Cin-AuNPs may provide 
new opportunities for generating biocompatible AuNPs 
for applications  in vitro [31] and in vivo nanoparticulate-
mediated imaging and therapy[42]. 

 
Gum Arabic mediated phytonanomedicine: 

The ability of plants to absorb and assimilate 
metals provides the potential to utilize plant extracts 
as nontoxic vehicles to stabilize and deliver 
nanoparticles for in vivo nanomedicinal applications. In 
this context, Gum Arabic (Acasia Gum) as a plant-
derived construct for stabilizing gold nanoparticles [4]. 
Emulsification, acid stability, low viscosity at high 
temperatures, adhesive and binding properties and 
good mouth feel are among the reasons for its wide 
acceptance as an additive in confectionaries, 
beverages, bakery products, brewing, and in 
pharmaceutical formulations. In addition, Gum Arabic 
has unique structural features that made it turn to 
nano stabilizer. It has a highly branched polysaccharide 
structure consisting of a complex mixture of 
potassium, calcium and magnesium salts derived from 
arabic acid with galactose, rhamose, glucuronic acid, 4-
O-methyl glucuronic acid and arabinos residues. Its 
molecular structure is comprised of three main 
components: the dominant being arabinogalactan 
(90%) which has a low protein content (5%), a high 
protein content (10%) segment with 10% 
arabinogalactan and the third component (<1%) 
contains glycoproteins with over 50% protein content. 
Recent studies [10] have produced a new class of 
injectable, in vivo stable hybrid nanoparticles derived 
from the tagging of Gum Arabic glycoprotein matrix 
with gold nanoparticles. Preliminary results of in vivo 
pharmacokinetics studies of GA-AuNP in pigs have 
demonstrated that these nanoparticulate phyto-
constructs are nontoxic and thus may be utilized for 
human imaging and therapy applications. Results [14] 
demonstrated the ability of Gum Arabic to provide in 
vitro and in vivo stability to maintain the 
nanoparticulate properties of gold nanoparticles intact 
for several months in aqueous/saline/phosphate 
buffered solutions, as well as in the solid state, 
represent a significant advance. 

 
 
 
 
 
 
 

Table.1: in vitro cytotoxicity assay of some crude 
protein extracts/purified protein using prostate cancer 
cell line (PC-3) 

Plant Extract IC50-SD (µg/ml) 

White cumin- Cuminum cymium >100 
Black cumin-Carum carvi 83.51+-1.08 
Methi –Trigonella foenumgraecum 46.89+-0.65 
Kalonji- Nigella sativa 20.13+-0.41 
Mako- Solanum nigrum 1.82+-0.16 
Doxorubicin- standard 0.28 

Courtesy-: www.mdpi.com/journal/toxins.  ISSN 2072-
6651 
 
Advancement in phyto nano medicne using PLGA coat 

Only Polygala senega has been encapsulated using 
PLGA technique while most of the nanoformulations 
are based on metals especially gold and silver [20]. 
Gelsemium sempervirens; a homeopathic mother 
tincture is in the course of this direction by researchers. 
In 2010, first reportfor the ethanolic extract of Polygala 
senega (EEPS) was reported to have little or no 
cytotoxic effects on normal lung cells,but caused cell 
death and apoptosis to lung cancer cell line A549 [8]. 
The principal active constituent of P. senega are 
saponin glycosides polygallic acid and senegin, which 
make up 5% and 4% of the dried root. Their studies used 
ethanolic root extract of P. senega (EEPS) was 
nanoencapsulated (size:147.7nm) by deploying a 
biodegradable poly(lactic-co-glycolic)acid(PLGA) using 
a stabilizer (Pluronic F-68). The small size of the NEEPS 
resulted in an enhanced cellular entry and greater 
bioavailability. The growth of cancer cells was inhibited 
better by NEEPS than EEPS [40]. Both EEPS and NEEPS 
induced apoptosis of A549cells, which was associated 
with decreased expression of survivin, PCNA, mRNA, 
and increased expression of caspase 3 , p53mRNAs of 
A549cells. The results show that the anticancer 
potential of the formulation of EEPS loaded PLGA 
nanoparticles was more effective than EEPS per se. 
Therefore, nanoencapsulated ethanolic root extract of 
P. senega may serve as a potential chemopreventive 
agent against lungcancer.  

 

CONCLUSION 
An important aspect of cancer treatment is its 

early detection. There have been significant 
improvements largely due to breakthroughs, both, in 
the bottom-up and in the top-down nanotechnology. 
Developments in such areas as in nanoarrays, 
nanosensors, liposomes, monoclonal antibodies, 
improved nanoparticles (dendrimers, diamondoids, 
gold-based nanoparticles, magnetic nanoparticles, and 
quantum dots) and nanoelectronics are making early 
detection, prevention and treatment with a high 
degree of accuracy and ease possible. Also other 
recent discoveries and inventions in nanotechnology 
are suggesting that a safe and effective cure for cancer 
is just around the corner. 
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Despite the encouraging preamble and the  
abundant literature describing the molecular 
mechanisms triggered by phytochemicals to inhibit cell 
growth and induce apoptosis in cancer cells, only few 
of them entered clinical trials. Hence,there is a need to 
pay attention on a selection of representative 
molecules, namely isothiocyanate, curcumin, genistein, 
epigallocatechin gallate, lycopene and resveratrol, 
which largely are present in the literatures and reports 
conducted previously[18]. For each of them, their 
putative mechanism(s) of action from in vitro and 
animal studies, and the current status of their clinical 
application has to amalgmated with the upcoming 
technologies for the preparation of novel anti-cancer 
drugs. 
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