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Telomerase activity is the key modulator of most of the cancer cells. Telomerase, a reverse
transcriptase, has been found to be activated in more than 80% of human cancers and,
therefore, can be considered as a potential marker for tumorigenesis. The ability of
curcumin indicates the possibility of developing as a potential universal cancer
chemoprevention and chemotherapeutic agent. Curcumin may regulate multi-targeted
human therapy. The present investigation is made to review the nanoparticle-curcumin
complex in the detection and regulation of telomerase activity. Nanoparticles encapsulated
curcumin like nanocurcumin are one of the major means that could be used to improve
bioavailability of curcumin. Nanoparticle mediated delivery of curcumin like nanoparticle
encapsulated curcumin, barbicode assay, curcumin embedding phospholipids vesicles or
lipid-nanospheres, liposome mediated curcumin drug delivery system and curcumin
analogues are extensively reviewed. Therefore, nanoparticle curcumin complex could be
clinically acceptable carrier for the regulation of telomerase activity of most of the cancer
cells as well as development of novel therapeutic agents. Thus potentials of curcumin
could be multifold enhanced and clinically significant.
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1. Introduction

Curcumin a hydrophobic polyphenolic compound (molecular formula C,;H,iOg¢ ) is the
major biologically active and yellow phytochemical compound of Turmeric Curcuma longa
(Zingiberaceae) [1]. Chemically, curcumin is a bis-a B-unsaturated p-diketone commonly known
as diferuloylmethane, has recently gained a plenty of attention for its curative impact on a number
of ailments [2-3]. Curcumin (1, 7-bis (4-hydroxy-3-methoxyphenyl)-1,6-heptadiene-3,5-dione) is a
natural compound, widely used as a spice and coloring agent in food, possesses potent antioxidant,
anti-inflammatory and anti-tumor promoting activities [3-4]. Commercially curcumin contains
approximately 77% diferuloylmethane, 17% demethoxycurcumin, and 6% bisdemethoxycurcumin.
Immunomodulatory effects of curcumin at low doses of curcumin have also been shown [5].
Although, curcumin is poorly absorbed after ingestion, multiple studies have suggested that even
low concentrations of curcumin are sufficient for its chemopreventive and chemotherapeutic
activity [5-6]. Recently, studies have shown that a chemopreventive effect of curcumin could be
due to the hyper production of reactive oxygen species (ROS) inducing apoptosis in tumor cells.
However, toxicologically, it is relatively inert and does not appear to be toxic to either animals [7]
or humans [7] even at high doses. Curcumin has been shown to exhibit antioxidant, anti-
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inflammatory, antimicrobial and anticarcinogenic activities [8]. Furthermore, curcumin also shows
the hepato- and nephro-protective, thrombosis supressing, myocardial infarction protective,
hypoglycemic, and antirheumatic effects [8]. Thus, curcumin regulates multiple targets
(multitargeted therapy), which is needed for treatment of most diseases, and it is inexpensive and
has been found to be safe in human clinical trials. Various animal models [9-10] or human studies
[11-12] proved that curcumin is extremely safe even at very high doses.

The absorption, biodistribution, metabolism, and elimination studies of curcumin have,
unfortunately, shown only poor absorption, rapid metabolism, and elimination of curcumin as
major reasons for poor bioavailability of this extremely human beneficial polyphenolic compound.
Some of the possible ways to overcome these problems are discussed below. Nanoparticles
encapsulated curcumin like nanocurcumin are one of the major means that could be used to
improve its bioavailability due to its significant beneficial characteristics. Nano-crucumin
complexes are the promising novel formulations, which appear to provide longer circulation, better
permeability, and resistance to metabolic processes. Therefore the ability of curcumin indicates the
possibility of developing as a potential universal cancer chemoprevention and chemotherapeutic
agent. Thus, curcumin may regulate multitargeted human therapy, which is cost effective and also
safe for human clinical trials.

“~O)
Curcumin

Fig. 1. The structure of curcumin

2. Role of curcumin in cancer antiproliferation

Literature shows that curcumin has potential as an antiproliferative, anti-invasive,
chemopreventive and antiangiogenic agent as well as therapeutic agent in Alzheimer disease,
Parkinson disease, cardiovascular disease, wound healing, diabetes, pulmonary disease, and
arthritis [3, 5, 13]. Multiple research show curcumin regulates various immune cells like T
lymphocytes (CD4), (CDS), B lymphocytes, natural killer cells, macrophages, dendritic cells and
other immune cells [12]. Moreover, therapeutic potentials of curcumin has also been reported
against various human diseases, including cancer, cardiovascular diseases, diabetes, arthritis,
neurological diseases and Crohn’s disease also [8]. In vitro studies have demonstrated curcumin’s
ability to promote apoptosis, among leukemia, B cell lymphoma and other cancerous cells [5].
Furthermore, it has been demonstrated that curcumin inhibits protein kinase C (PKC) [6], a kinase
that plays a significant role in regulation of cytokine synthesis during growth of cancer cells [28].
Curcumin arrests the growth of cancer cells in the G2/S phases of cell cycle [14]. Curcumin also
aids in control of tumor progression through its indirect actions and its ability to stimulate hosts’
anticancer immune responses. Curcumin enhances immunity by stimulating the CD4+ T-helper
cells and B lymphocyte [3]. Moreover, immunomodulatory potentials of curcumin has also been
shown in modulating the activation of T cells, B cells, macrophages, neutrophils, natural killer
cells and dendritic cells [15]. Evidences show curcumin’s potential to downregulate the expression
of various pro-inflammatory cytokines including TNF, IL-1, IL-2, IL-6, IL-8 and IL-12 [16].

3. Telomere

Telomere is a repeating (5’-TTAGGG-3’), non-coding DNA sequence located at terminal
ends of the chromosomes. Telomeres function by preventing chromosomes from losing base pair
sequences at their ends [17]. However, each time a cell divides, some of the telomere length is lost
(about 25-200 base pairs per cell division) [18]. As an outcome of this telomere becomes too short
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and the chromosome reaches a "critical length" and can no longer replicate. Such cells are
designated as senescent and are induced to undergo apoptosis [19]. Telomere is regulated by an
enzyme namely telomerase, which is a ribonucleoprotein, with the function of a DNA polymerase,
which synthesizes and adds the tandem hexameric telomeric repeats (TTAGGG) via reverse
transcriptase reaction onto the 3' termini with substantial pausing after the addition of each
hexamer, of existing telomeres using its one segment of RNA component as a internal template
(natural primers for telomerase) [20]. Telomerease is mainly composed of an RNA template region
(hTR); it provides a template r-5’-CUAACCCUAAC-3’ [20] and a catalytic component the
telomerase reverse transcriptase termed hTERT [21]. While analyzing human cancers, the positive
frequency of human telomerase RNA component (hTR) and human telomerase reverse
transcriptase (W\TERT) was overwhelmingly displayed in cancers of the breast, colon, gallbladder,
lung, stomach and oesophagus [22]. Telomerase, a reverse transcriptase, has been found to be
activated in more than 80% of human cancers and, therefore, can be considered as a potential
marker for tumorigenesis [23]. Telomerase is thus proving to be a reliable marker for the
proliferating capacity and tumor mass of cancer patients [24]. Recent studies have shown that
telomerase activity is found in 85% to 90% of all human cancers. Telomerase provides an exciting
drug target for the prevention of cancer. This makes telomerase a good target not only for cancer
diagnosis, but also for the development of novel therapeutic agents [25]. Activation of telomerase
has been shown to be an important event for immortalization and carcinogenesis. Telomerase,
playing a key role in making cancer cells immortal. Up-regulation of hTR expression has been
shown to be an early event in various cancers [25]. The expression of ZTERT seems to be
coordinated with proliferation activity, because tumor cells possess high proliferative activity.
Telomerase is not activated in the majority of normal somatic tissues suggesting the possibility
that the ATERT gene product may be modulated during the process of translation and
posttranslation in tumor cells [26].

Therefore, regulation of telomerase activity of in cancerous cells by nanocurcumin could
be extremely beneficial to human beings. It was considered interesting to investigate actions of
curcumin on signaling molecule activity. This review focuses on recent pharmacogenomic
approaches to telomerase inhibition mediated by nanocurcumin. Drug design in the area of cancer
therapeutics using nanoparticle could be developing a trend toward more precise mechanisms of
cancer cell destruction.

4. Nanoparticles

Nanoparticles-based materials have attracted much attention in recent years because of
their characteristic size and geometry dependent chemical and physical properties [27].
Nanoparticles are of great scientific interest as they are effectively a bridge between bulk materials
and atomic or molecular structures. Literature survey suggests nanoparticle research is an area of
intense scientific research, due to wide potential applications in human therapy. Nano particles are
sized between 1 and 100 nm. Nanoparticles have a very high surface area to volume ratio. This
makes the particles very reactive or catalytic [27]. Nanoparticles are easier to pass through cell
membranes in organisms and get interacted rapidly with biological systems [27].

5. Nanoparticle mediated curcumin delivery

Recently, nanoparticle technology emerged as a potential area of targeted drug delivery
systems and make biologically availability of therapeutic agent. Nanoparticle-mediated delivery
systems will probably be the most suitable for highly hydrophobic agents like curcumin,
circumventing its poor aqueous solubility. However, very limited studies were made and the
complete mechanism regarding nanoparticle mediated curcumin delivery system is still unknown.
More recently a novel biosensor technique has been reported for determination of telomerase
activity in cancer cells [28]. The detection of telomerase has proven very affective as a marker in
tumors cells [28]. It has been found that about 80-90% of more than 950 primary tumors have been
reported to express telomerase activity [28].
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(i) Nanocurcumin

Recently, invention of nanocurcumin could be widely applied in the area of drug delivery
for multitargeted therapy [3]. Moreover, Nanocurcumin, is a polymer based nanoparticle of
curcumin, made up of the micellar aggregates of cross-linked and random copolymers of
Nisopropylacrylamide (NIPAAM), with N-vinyl-2-pyrrolidone (VP) and poly (ethyleneglycol)
monoacrylate (PEG-A). Nanoparticle encapsulated formulation of curcumin nanocurcumin [29,
31]. Nanocurcumin (size> 100nm) provides an opportunity to expand the clinical repertoire of this
efficacious agent by enabling easier aqueous dispersion. Nanocurcumin, unlike free curcumin, is
readily dispersed in aqueous media. Future studies utilizing nanocurcumin are warranted in pre-
clinical in vivo models of cancer, downregulation of telomerase activity and other diseases that
might benefit from the effects of curcumin. Literature survey suggests similar effect of
nanocurcumin in Vitro activity as that of free curcumin like in pancreatic cell lines [30-32], in
down regulating the activation of transcription factor NFxB [32], induction of cellular apoptosis,
down regulation of steady state levels of multiple proinflammatory cytokines (IL-6, IL-8, and
TNFa) [32]. However, the potential beneficial activity over free curcumin in vivo effect is still
unknown. Reports shows polymeric nanoparticle increase the stability of drugs and possess useful
controlled release properties [8]. Furthermore, research nanoparticle especially solid lipid
nanoparticles loaded curcuminoids (size 450nm) were shown to produce prolonged in vitro release
of curcuminoids up to 12h for tropical applications [33]. Altogether, nanoparticle based curcumin
delivery is still in its infancy and much progress is needed in this area.

(ii) Biobarcode assay

Recently, a novel telomerase assay (known as the biobarcode assay) method was
developed using gold nanoparticle coated with short stretch of DNA mediated detection of
telomerase activity [34]. Using biobarcode assay telomerase activity detected in 10 to 1,000 tumor
cells in vivo.

(iii) Curcumin embedding phospholipid vesicles or lipid-nanospheres (Cm)

Recently a novel formulation to deliver curcumin embedding phospholipid vesicles or
lipid-nanospheres (Cm) into tissue macrophages through intravenous injection has been developed.
Moreover, Cm demonstrated easy solubilization in hydrophobic regions of these particles as well
as nanoparticle dispersions also. In addition these formulations showed ability to scavenge reactive
oxygen species as antioxidants in dispersions. Experimentally intravenous injection in rats showed
massive distribution of Cm in cells assumed as macrophages into the bone marrow and spleen.
Therefore lipid-based nanoparticulates could considered as improved intravenous delivery of Cm
to tissues macrophages, specifically bone marrow and splenic macrophages and shown therapeutic
potential as an antioxidant and anti-inflammatory [36].

(iv) Liposome curcumin for treatment of cancer

More recently, curcumin or a curcumin analogue encapsulated in a colloidal drug a
liposome is considered as excellent drug delivery systems since they can carry both hydrophilic
and hydrophobic molecules. Anticancer activity of liposome curcumin has been investigated in
vitro and in vivo. Moreover, they show inhibition of human pancreatic carcinoma growth and
exhibits antiangiogenic effect [37]. On the other hand growth inhibitory and apoptotic effects of
liposomal curcumin has also been shown in colorectal cancer in vitro and in vivo [37].which might
be due to the increased bioavailability of liposomal curcumin over free curcumin.

(v) Micelles

Experimental evidences shows 47% to 56% enhanced intestinal absorption of curcumin
when embedded with micelles then free curcumin in vitro [38] in rats. On the other hand 60 fold
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increase in biological half life for curcumin was observed when complexed with polymeric
micellar, in rats as compared to curcumin solubilized in a mixture of DMA, PEG and dextrose
[38]. On the other hand when curcumin phospholipid complex (100 mg/kg of curcumin) were
administered orally male rats. About 1.5-fold increase in curcumin half-life in rats was
demonstrated for the curcumin phospholipid complex over free curcumin. Therefore, curcumin
phospholipid complex with curcumin could be advantageous for anticancer activity due to it’s
significantly delivery system [39].

(vi) Curcumin analogues

The molecular and chemical structure of curcumin plays a crucial role in its biological
activity. Reports suggest change in antioxidant activity of curcumin due to isomerization [40].
With a view to achieve improved biological activity of curcumin through structural modifications
or curcumin derivatives and/or its analogues research was made by various research groups [41].
For example, a curcumin analogue EF-24 had shown increased antitumor activity in comparison to
curcumin in vitro and in vivo, and increased bioavailability of EF-24 was also demonstrated by
60% and 35%, respectively in male and female mice [42]. Various different curcumin analogues
like symmetrical 1,5-diarylpentadienone were also shown 30 times tumor growth suppressive
activity that of free curcumin. However, these analogues showed no in vivo toxicities [43].

(vi) Others

Another strategy to improve the biological activity of curcumin is by chelation with
various metals as compared to free curcumin. The presence of two phenolic groups and one active
methelene group in a curcumin molecule makes it an excellent ligand for any chelation. Moreover,
improved antitumor activities of curcumin-copper complexes have also been reported as compared
to free curcumin [44]. Furthermore, more than 10 fold increases in curcumin activity was
demonstrated, when complexed with boron against HIV-land HIV-2 proteases in vitro [45].
Further, the curcumin copper complex was equally effective as curcumin against cadmium induced
oxidative damage in mice [50]. On the other hand higher reactive oxygen species scavenging
ability was shown of curcumin and curcumin copper complexes than curcumin [40]. A vanadyl
curcumin complex (VO(cur),) was reported to show a 2-fold increase in antirheumatic activity and
a 4-fold increase in inhibiting smooth muscle cell proliferation as compared to free curcumin in
vitro. Further, this complex was more effective as an anticancer agent, compared to uncomplexed
curcumin [46].

6. Conclusions

However, the mechanisms underlying the anititumor abilities of nanoparticles are still not
clear enough. The main strategies are to enhance in vitro and in vivo bioavailability of curcumin
using nanocurcumin through structural modifications of the molecule and/or new formulations.
However, the limited literature evidence devoted to show improvements in curcumin
bioavailability reveals that the curcumin bioavailability enhancement has not gained significant
attention. Yet, novel delivery strategies including nanoparticles, complexes offer significant
promise and are worthy of further exploration in attempts to enhance the bioavailability, medicinal
value. Nanocurcumin acts as a weapon to enter tumor cells and initiate their destruction which
could emerge as an effective cancer-fighting agent.
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