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ABSTRACT 
 

There are many reports proved great potential effects of curcumin in various diseases. Curcumin exhibits antioxi- 
dant, anti inflammation, antimicrobial and anticarcinogenic activities. It’s unique ability to work through so many 
different pathways has a positive influence in combating almost every known disease. However, lack of its stability 
and solubility limits its therapeutic applications in clinic. Several approaches have been described not only in 
chemical modifications but also in formulation technologies to expose the therapeutic values of curcumin. This 
review presented an updated concise review of currently available technologies to improve the physicochemical 
characteristic of curcumin as well as its stability, hence showing better therapeutic effects, using different types of 
nanoform: nanocrystal and nanocarriers. 

Keywords: Curcumin; dendrimer; lipid-based nanoparticle; nanocrystal; nanocarrier; polymeric nanoparticle; po- 
lymeric micelle 
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INTRODUCTION 

Curcumin, an active compound derived from mostly 
Curcuma sp, is a natural hydrophobic polyphenol which 
has been used in Asian countries like Indonesia, India, 
and China to cure various diseases for centuries (Ma- 
heshwari et al, 2006; Shisodia et al, 2005). Chemically, 

curcumin is a bis-,β-unsaturated β-diketone (com- 
monly called diferuloylmethane, Figure 1, Anand et al, 
2007), which exhibits keto-enol tautomerism having a 
predominant keto form in acidic and neutral solutions 
and stable enol form in alkaline medium. Curcucmin 
has been identified as a potent constituent for a wide 
spectrum of biological and pharmacological activities. 
It exhibits antioxidant, anti-inflammation (Sharma, 
1976; Ruby et al, 1995; Sugiyama et al, 1996; Srimal 
and Dhawan, 1973), antimicrobial, and anticarcinogen- 
ic (Jordan and Drew, 1996; Mahady et al, 2002; Kim et 
al, 2003; Reddy et al, 2005; Kuttan et al, 1985) activi- 
ties. Additionally, the hepato- and nephro-protective 
(Kiso et al, 1983; Venkatesan, 1998; Venkatesan et al, 
2000), thrombosis suppressing (Srivastava et al, 1985), 
myocardial infarction protective (Dikshit et al, 1995; 
Nirmala and Puvanakrishnan, 1996a, b), hypoglycemic 
(Srinivasan, 1972; Babu and Srinivasan, 1995, 1997; 
Arun and Nalini, 2002) and antirheumatic (Deodhar et 
al, 1980) effects of curcumin are also well established. 
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Curcumin's unique ability to work through so many 
different pathways with its extraordinary antioxidant 
and anti-inflammatory attributes can have a positive 
influence in combating almost every known disease. In 
spite of these attractive activities of curcumin, it has 
not yet been approved by U.S FDA (Food and Drug 
Administration) as a drug. Applicational advancement 
of curcumin has been hindered by its water insolubility, 
degradation at alkaline pH, and photodegradation and 
thus extremely low bioavailability in both vascular and 
oral administration (Letchford et al, 2008; Anand et al, 
2007). Its poor solubility and slow dissolution rate re- 
sponsible are the contributing factors for its low bio- 
availability. The solubility or the dissolution rate of the 
drug is a key factor determining its rate and extent of 
absorption after oral administration. Curcumin's poor 
bioavailability within the body can be attributed to its 
poor absorption and high rate of metabolism in the 
intestines and rapid elimination from the body. This 
has been a major obstacle in preventing its progress 
from the laboratory to clinic; therefore, not much 
progress could be made in conducting clinical trials 
beyond Phase I. In view of this, curcumin's chemopre- 
vention and therapeutic potential has not been fully 
exploited for the prevention and treatment of diseases. 
Therefore, many approaches have been investigated, 
including synthetic analogues, chemical modification to 
prodrugs, combined with other dietary components 
and using nanoscale drug delivery systems to over- 
come deficiencies. On top of that, nano-enabled drug 
delivery systems show good promise in overcoming the 
problem of low bioavailability of curcumin (figure 2). In 
order to assess nano-based curcumin's potential appli- 
cations in the field of medicine, 254 relevant patents 
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were analysed with segmentation based on the types 
of various diseases (table 1). 

Table 1: Segmentation of nano-based curcumin appli- 

cations in different types of diseases and cancers 

Type of diseases Percentage (%) 

Dementia 1 

Parkinson 4 

Psoriasis 7 

Gastrointestinal 9 

Alzheimer 9 

Arthritis 10 

Diabetes 11 

Inflammation 12 

Cardiovascular 13 

Cancer and tumor 24 

This review described several nanotechnology-based 
attempts that have been reported to improve the bio- 
availability of curcumin not only through enhancing its 
solubility and dissolution rate, but also its stability in 
vitro and in vivo. A number of nano-based approaches 
are being developed to improve curcumin's bioavaila- 
bility and reduce perceived toxicity. 

 

Figure 1: Chemical structure of curcumin 
 

Figure 2: Various nanotechnology approaches for drug 

delivery of curcumin 
 

Various nanoforms OF CURCUMIN 

Curcumin Nanocrystal 

Nanocrystals are nanoscopic crystals of the substance 
with dimensions less than 2000 nm as defined in the 
first patents in this field (Hovey et al, 2006; Liversidge 
and Jenkins, 2006; Ruddy and Ryde, 2002). Nanocrystal 
dispersions contain dispersion media (water, aqueous 
solutions or nonaqueous media), active substances and 
surface active agents or polymers required for stabili- 
zation (Junghanns and Müller, 2008).. Preparation of 
drug nanocrystals is basically a nanosizing method, 

which is utilized to enhance the oral bioavailability of 
poorly water-soluble drugs. 

Development of curcumin nanocrystals has been re- 
ported (Onoue et al, 2010; Rachmawati et al, 2012). 
Various methods were applied to reduce the particle 
size of curcumin crystalline such as milling and high 
pressure homogenization. Onoue et al described the 
method of curcumin particle reduction not only to en- 
hance bioavailability but also to prevent the photode- 
gradation of curcumin. Nanocrystal solid dispersion 
(CSD-Cur), amorphous solid dispersion (ASD-Cur), and 
nanoemulsion (NE-Cur) were developed. CSD-Cur was 
prepared through wet-milled with NanoMill1-01 sys- 
tem using HPC (Hydroxypropyl Cellulose) and SDS (So- 
dium Dodecyl Sulfate) as stabilizers, followed by 
freeze-dried. This technique resulted flaky freeze-dried 
curcumin nanocrystal with size around 250 nm. They 
reported that all curcumin formulations exhibited 
marked improvement in the dissolution behavior when 
compared with crystalline curcumin. Significant im- 
provement in pharmacokinetic behavior was observed 
in the newly developed formulations, as evidenced by 
12- (ASD-Cur), 16- (CSD-Cur), and 9-fold (NE-Cur) in- 
crease of oral bioavailability. Upon photochemical cha- 
racterization, curcumin was found to be photoreactive 
and photodegradable in the solution state, possibly via 
type 2 photochemical reaction, whereas high photo- 
chemical stability was seen in the solid formulations, 
especially CSD-Cur. 

The use of high pressure homogenizer using various 
stabilizers to produce curcumin nanocrystal as re- 
ported previously (Rachmawati et al, 2012) clearly ex- 
plained that the technique did not change the crystal- 
linity of the curcumin. We demonstrated that the stabi- 
lizer influences the physical stability of the nanocrystal. 
Enhancement of the curcumin solubility is due to the 
reduction of particle size and not by amorphization. 
The pharmacokinetic parameter of this curcumin na- 
nocrystal tremendously increased which revealed im- 
proved bioavailability (figure 3, data not published yet). 

 

 
Figure 3: The bioavailability of curcumin versus cur- 

cumin nanocrystal after oral administration in male 

Wistar rat 
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Curcumin Nanocarriers 

Nanocarriers are nanosized materials (diameter 1–100 
nm) that can carry multiple drugs and/or imaging 
agents. Owing to their high surface-area-to-volume 
ratio, it is possible to achieve high ligand density on the 
surface for targeting purposes (Peer et al, 2007). Nano- 
carriers can also be used to increase local drug concen- 
tration by carrying the drug within and control- 
releasing it when bound to the targets. Currently, natu- 
ral and synthetic polymers and lipids are typically used 
as drug delivery vectors. The family of nanocarriers 
includes polymer conjugates, polymeric nanoparticles, 
lipid-based carriers such as solid lipid nanoparticle 
(SLN), nanostructure lipid carrier (NLC), liposomes and 
micelles, dendrimers, carbon nanotubes, and gold na- 
noparticles, including nanoshells and nanocages. These 
nanocarriers have been explored for a variety of appli- 
cations such as drug delivery, imaging, photothermal 
ablation of tumors, radiation sensitizers, detection of 
apoptosis, and sentinel lymphnode mapping (Duncan, 
2006; Ferrari, 2005; La Van et al, 2003. 

Nanocarriers can offer many advantages over free 
drugs. They protect the drug from premature degrada- 
tion, prevent drugs from prematurely interacting with 
the biological environment, enhance absorption of the 
drugs into a selected tissue (for example, solid tumor), 
control the pharmacokinetic and drug tissue distribu- 
tion profile, and improve intracellular penetration. 

Development of nanocarriers for better curcumin activ- 
ities have been reported by many investigators. In con- 
trast to nanocrystal, the rational reason to encapsulate 
curcumin in particular carrier is mainly to improve cur- 
cumin stability and to prolong the resident time in the 
body by against the rapid eliminated from the body. 
The clinical effects of curcumin are currently being in- 
vestigated in human clinical trials for a variety of condi- 
tions including pancreatic cancer, colorectal cancer and 
multiple myeloma. The mechanisms by which curcumin 
is thought to inhibit tumorigenesis are diverse, and 
pro-apoptotic, anti-angiogenic, anti-inflammation, im- 
munomodulation, and anti-mitogenic effects have 
been described in various systems (Hatcher et al, 2008; 
Maheshwari et al, 2006). Some of curcumin’s potential 
molecular targets include insulin-like growth factor 
(IGF), Akt, mitogen-activated protein kinase (MAPK), 
signal transducer and activator of transcription 3 
(STAT3), Nuclear Factor kappa B (NFκB) and Notch 
(Kunnumakkara et al, 2008; Ravindran et al, 2009). 
These pathways are all thought to be active in malig- 
nant brain tumors (Atkinson et al, 2010; Schmidt 
Schmidt et al, 2010), raising the possibility that curcu- 
min could be effective in treating medulloblastoma or 
glioblastoma (Lim et al, 2011). They developed nano- 
particle-encapsulated curcumin to treat medulloblas- 
toma and glioblastoma cells. However, the retention 
time of curcumin in body is limited due to its rapid sys- 
temic elimination (Yang et al, 2007). Therefore, the 
therapeutic efficacy of curcumin is restricted due to its 

short systemic retention in circulation. To increase the 
retention time of curcumin in the body, various formu- 
lation techniques have been applied. For example, cur- 
cumin–phospholipid complex can extend the retention 
of curcumin in rat serum (Mythri et al., 2007). In spite, 
development of various nanocarriers for curcumin has 
received a lot of attention due to their stability and 
ease with which their surfaces can be modified. They 
can be tailor-made to achieve both controlled drug 
release and disease-specific localization by tuning the 
characteristics and surface chemistry. 

Polymer-based nanoparticles of curcumin 

Polymers are the most commonly explored materials 
for constructing nanoparticle-based drug carriers. Po- 
lymeric nanoparticles can be made from synthetic po- 
lymers, including poly(lactic acid) (PLA) and poly(lactic 
co-glycolic acid) (Hrkach et al, 1997), or from natural 
polymers such as chitosan (Calvo et al, 1997) and colla- 
gen (Elsamaligy et al, 1983) and may be used to encap- 
sulate drugs without chemical modification. The drugs 
can be released in a controlled manner through surface 
or bulk erosion, diffusion through the polymer matrix, 
swelling followed by diffusion, or in response to the 
local environment. Several multifunctional polymeric 
nanoparticles are now in various stages of pre-clinical 
and clinical development (Ferrari, 2005; La Van, 2003; 
Moses, 2003; Farokhzad and Langer, 2006). Concerns 
arising from the use of polymer-based nanocarriers 
include the inherent structural heterogeneity of poly- 
mers, reflected, for example, in a high polydispersity 
index (the ratio of the weight-and-number-average 
molecular weight (Mw/Mn). 

Various polymeric-based curcumin nanoparticles for 
different therapeutic targets have been presented by 
many groups. Feng et al synthesized biodegradable 
poly (ε-Caprolactone)-poly (ethylene glycol)-poly (ε- 
Caprolactone) (PCL-PEG-PCL) copolymers to deliver 
curcumin for cancer treatment. In this report, the CUR- 
NPs were produced from the self-assembly of the co- 
polymer, assisted by a probe-type ultrasonic emulsion 
and solvent evaporation method without any surfac- 
tants (Feng et al, 2012). While, polyester nanoparticle- 
based delivery systems showed favorable for hydro- 
phobic compounds and enhance the bioavailability of 
poorly water-soluble agents (Anand et al., 2007). Po- 
lyesters such as poly(lactic-co-glycolic acid) (PLGA) are 
the material generally used for nano-formulation since 
they are biodegradable, biocompatible, have versatile 
degradation kinetics (Park, 1995) and have been ap- 
proved by the U.S. Food and Drug Administration for 
pharmaceutical application. Therefore, recent in vitro 
studies have revealed that curcumin inhibition of can- 
cer cell growth was effected by curcumin-loaded PLGA 
nanoparticles due to enhanced uptake by cells (Anand 
et al., 2010). The therapeutic effects of curcumin on 
metastatic cancer cells are also increased after encap- 
sulation with PLGA nanoparticles (Yallapu et al., 2010). 
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Similar study also described curcumin encapsulated in 
synthesized polymeric nanoparticle using micellar ag- 
gregates of cross-linked and random copolymers of 
Nisopropylacrylamide (NIPAAM), with N-vinyl-2- 
pyrrolidone (VP) and poly(ethyleneglycol)monoacrylate 
(PEG-A) (Bisht et al, 2011; Ray et al, 2011). The en- 
trapment efficiency of curcumin within the nanopar- 
ticles was found to be >90%. Curcumin release occurs 
in a sustained manner, such that only 40% of the total 
drug is released from the nanoparticles at 24 hours. 
The potential use of N-isopropylacrylamide (NIPAAM), 
vinylpyrrolidone (VP), and acrylic acid (AA) as polymer 
composite to encapsulate curcumin. A polymeric na- 
noparticle encapsulated curcumin (NanoCurc™) was 
formulated which is completely water soluble. Nano- 
Curc™ treatment protects neuronally differentiated 
human SK-N-SH cells from ROS (H2O2) mediated in- 
sults. NanoCurc™ (Ray et al, 2011) also rescues diffe- 
rentiated human SK-N-SH cells, which were previously 
insulted with H2O2. In vivo, intraperitoneal (IP) Nano- 
Curc™ injection at a dose of 25 mg/kg twice daily in 
athymic mice resulted in significant curcumin levels in 
the brain (0.32 μg/g). Biochemical study of NanoCurc™- 
treated athymic mice revealed decreased levels of 
H2O2 as well as caspase 3 and caspase 7 activities in the 
brain, accompanied by increased glutathione (GSH) 
concentrations. Increased free to oxidized glutathione 
(GSH:GSSH) ratio in athymic mice brain versus controls 
also indicated a favorable redox intracellular environ- 
ment. 

Natural polymers also show good characteristic as car- 
riers for curcumin encapsulation (Das et al, 2010). A 
composite nanoparticles (NPs) for curcumin was pre- 
pared by using three biocompatible polymers: alginate 
(ALG), chitosan (CS), and pluronic, by ionotropic pre- 
gelation followed by polycationic cross-linking. Curcu- 
min from ALG-CS-PF127 NPs showed slow release and 
exhibited better activities in cancer model cell line. 

The most recent investigation of developing polymer- 
based nanoparticles for curcumin is using peptide and 
protein. Mulik et al described apolipoprotein-E3 me- 
diated curcumin loaded poly(butyl)cyanoacrylate na- 
noparticles (ApoE3-C-PBCA) and characterized for size, 
zeta potential, entrapment efficiency, photostability, 
morphology, and in vitro release study. ApoE3-C-PBCA 
were found to be effective against SH-SY5Y neuroblas- 
toma cells compared to curcumin solution (CSSS) and 
curcumin loaded PBCA nanoparticles (C-PBCA) from in 
vitro cell culture investigations. 

Entrapment of curcumin in dipeptide also exerted as a 
great delivery system for curcumin (Alam et al, 2012). 
In this study, a novel self-assembled NPs, derived from 
the dipeptide methionine-dehydrophenylalanine 

(M∆F), which contains the modified amino acid ,β,- 
dehydrophenylalanine (∆Phe), an unsaturated analog 
of the naturally occurring aromatic amino acid pheny- 
lalanine was developed. Incorporation of dehydrophe- 

nylalanine in the peptide was expected to provide NPs 
with enhanced assembly properties due to less spatial 
freedom as well as increased stability against enzymat- 
ic degradation. M∆F nanoparticles can be assembled in 
a mixture of aqueous and organic phase and used for 
the loading and release of the hydrophobic curcumin. 
Curcumin-loaded M∆F nanoparticles *(Cm)NPs+ were 
well-dispersed in aqueous environments and showed 
increased cellular availability with enhanced cytotoxici- 
ty in various cancerous cell lines as well as delayed 
tumor growth with enhanced survival time in a B6F10 
melanoma mouse model. 

Polymeric micelle 

Micelles are formed when amphiphilic surfactant or 
polymeric molecules spontaneously associate in 
aqueous medium to form core-shell structures or ve- 
sicles. They were first proposed as drug carriers about 
24 years ago (Jones et al, 1999). The inner core of a 
micelle is hydrophobic which is surrounded by a shell 
of hydrophilic polymers such as poly (ethylene glycol) 
(Nishiyama and Kataoka, 2006). Their hydrophobic core 
enables incorporation of poorly water soluble and am- 
phiphilic drugs while their hydrophilic shell and size is 
<100 nm. Due to this property, micelle is also potential 
carrier for better curcumin stability and delivery. There 
are several reports described the formulation of cur- 
cumin-encapsulated micelles using different materials. 
Cationic micelle has been described to improve curcu- 
min stability in alkaline environment (Leung et al, 
2008). They studied three types of micelles composed 
of the cationic surfactants cetyl trimethylammonium 
bromide (CTAB) and dodecyl trimethylammonium 
bromide (DTAB) and the anionic surfactant sodium 
dodecyl sulfate (SDS). Curcumin encapsulated in catio- 
nic micelles: CTAB or DTAB micelles prevented the hy- 
drolysis at pH 13. In contrast, curcumin undergoes rap- 
id degradation by alkaline hydrolysis in the SDS micellar 
solution due to dissociation of curcumin from the SDS 
micelles to the aqueous phase. The absence of encap- 
sulation and stabilization in the SDS micellar solution 
was clearly explained the rapid hydrolysis of curcumin. 
This is in line with our results in which the use of micel- 
lar system composed by glyceril monoo- 
leate:chremophor RH 40:PEG 400 (1:8:1) suppressed 
the alkaline hydrolysis of curcumin (figure 4). This sys- 
tem was spontaneously dispersed in water resulted 
transparent solution with the average particle size was 
in the range of <100 nm and high curcumin loading 
capacity (~ 100%). 

Another micellar form of curcumin in stearic acid-g- 
chitosan oligosaccharide (CSO-SA) polymeric micelles 
was reported (Wang et al, 2012). This composition was 
able to self-assemble forming nanoscale micelles in 
aqueous medium. The mean diameter of the curcumin- 
loaded CSO-SA micelles was 114.7 nm and their mean 
surface potential was 18.5 mV. Curcumin-loaded CSO- 
SA micelles showed excellent internalization ability 

  that increased curcumin accumulation in cancer cells. 
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Curcumin-loaded CSO-SA micelles also had potent an- 
tiproliferative effects on primary colorectal cancer cells 
in vitro, resulting in about 6-fold greater inhibition 
compared with cells treated with a solution containing 
an equivalent concentration of free curcumin. Intra- 
venous administration of curcumin-loaded CSO-SA mi- 
celles marginally suppressed tumor growth but did not 
increase cytotoxicity to mice, as confirmed by no 
change in body weight. Most importantly, they demon- 
strated that curcumin-loaded CSO-SA micelles were 
effective for inhibiting subpopulations of CD44+/CD24+ 
cells (putative colorectal cancer stem cell markers) 
both in vitro and in vivo. 

 

 
Figure 4: Stability test of curcumin micelle versus cur- 

cumin solution in alkaline environment 
 

The purpose of curcumin-encapsulated micelle is not 
only to obtain better value of curcumin in therapeutic 
field but also in functional health food (Esmaili et al, 
2011). Beta casein, a self-assembling protein, was used 
to form micellar nanostructures. The mechanism in 
which curcumin was entrapped in the micelle was 
mainly via hydrophobic interactions between beta- 
casein micelles with curcumin, increasing the solubility 
of curcumin and therefore improves its bioavailability 
and antioxidant activity. 

Lipid-based nanoparticles of curcumin 

Lipids and lipid nanoparticles are extensively employed 
as oral-delivery systems for drugs and other active in- 
gredients. These have been exploited for many fea- 
tures in the field of pharmaceutical technology. Lipids 
usually enhance drug absorption in the gastrointestinal 
tract (GIT), and when formulated as nanoparticles, 
these molecules improve mucosal adhesion due to 
small particle size and increasing their GIT residence 
time. In addition, lipid nanoparticles may also protect 
the loaded drugs from chemical and enzymatic degra- 
dation and gradually release drug molecules from the 
lipid matrix into blood, resulting in improved therapeu- 
tic profiles compared to free drug. A clear advantage of 
the use of lipid particles as drug carrier systems is the 
fact that the matrix is composed of physiological com- 
ponents, that is, excipients with generally recognized 
as safe (GRAS) status for oral and topical administra- 
tion, which decreases the cytotoxicity. 

Solid Lipid Nanoparticles (SLN) 

SLN are biocompatible and biodegradable and have 
been used for controlled drug delivery and specific 
targeting. These colloidal carriers consist of a lipid ma- 
trix that should be solid at both room and body tem- 
peratures, having a mean particle size between 50 nm 
and 1000 nm (Muller and Lucks, 1996). Due to their 
physiological and biodegradable properties, SLN have 
been tested for several administration routes (Tsai et 
al, 2011; Mukherjee et al, 2009) including the oral (Ra- 
wat et al, 2011; Luo et al, 2011) and peroral (Hu et al, 
2010; Souto and Muller, 2010) routes. SLN possess a 
solid lipid matrix identical to polymeric nanoparticles. 
In addition, SLN are of low cost (Muller et al, 2005), the 
excipients and production lines are relatively cheap, 
and the production costs are not much higher than 
those established for the production of parenteral 
emulsions (Wissing et al, 2004). Different techniques to 
produce SLN-loaded nanocurcumin are described in 
this review. The superiority of SLN showed in line 
property i.e. improved curcumin formulation and deli- 
very. 

SLN has been used to solve the hurdles for the thera- 
peutic use of curcumin. Transferrin-mediated SLNs 
were formulated to increase photostability and en- 
hance its anticancer activity against MCF-7 breast can- 
cer cells. The anticancer activity of curcumin is en- 
hanced with transferrin-mediated SLNs compared to 
curcumin solubilized surfactant solution and apoptosis 
is the mechanism underlying the cytotoxicity (Mulik et 
al, 2010). 

Plianbanchang et al (2007) demonstrated the first topi- 
cal formulation of curcumin as anti aging agent encap- 
sulated in SLN. In this study, the prominent effect of 
curcuminoids loaded SLN cream on the outcome 
measures were hypothesized to be contributed to ac- 
tive ingredient, i.e., curcuminoids, and its delivery car- 
rier, SLN. The antioxidant property of curcuminoids 
improved skin wrinkles and exhibited skin whitening 
effect, while the enhancement of skin hydration, elas- 
ticity, and viscoelasticity were the result of the occlu- 
sive characteristic of SLN. 

Nanostructure Lipid Carrier (NLC) 

Nanostructured Lipid Carriers are the second genera- 
tion of solid lipid nanoparticles and are composed of a 
binary mixture of solid lipids and a spatially different 
liquid lipid as a carrier. NLCs are consisting of a lipid 
matrix with a special nanostructure. This nanostructure 
improves drug loading and firmly incorporates the drug 
during storage. These NLCs can be produced by high 
pressure homogenization and the process can be mod- 
ified to yield lipid particle dispersions with solid con- 
tents from 30–80%. However, the NLC system mini- 
mizes or avoids some potential problems associated 
with SLN (Mehnert and Mader, 2001). 
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Fang et al (2012) described nanostructured lipid cur- 
cumin carriers prepared using the ethanol dripping 
method. This nanostructured lipid curcumin carriers 
showed a significantly higher peak plasma concentra- 
tion (564.94 ± 14.98 ng/mL versus 279.43 ±  7.21 
ng/mL, P <0.01), a shorter time taken to reach peak 
plasma concentration (0.5 ± 0.01 hour versus 1.0 ± 
0.12 hour, P <0.01), and a greater AUC0–∞  (820.36± 
25.11 mg.  hour/L versus 344.11 ± 10.01mg.hour/L, P 
<0.05) compared with curcumin suspension. In the 
tissue distribution studies, curcumin could be detected 
in the spleen, heart, liver, kidneys, lungs, and brain. 
Following intragastric administration of the nanostruc- 
tured lipid curcumin carrier formulation, tissue concen- 
trations of curcumin also increased, especially in the 
brain. The nanostructured lipid curcumin carrier formu- 
lation improved the ability of curcumin to cross the 
blood-brain barrier, with an 11.93-fold increase in the 
area under the curve achieved in the brain when com- 
pared with curcumin suspension. 

Bondi et al (2010) reported the preparation and chemi- 
cal-physical characterization of nanostructured lipid 
carriers containing curcumin, based on Imwitor, Com- 
pritol or Precirol as lipid matrix. By in vitro experi- 
ments, they have demonstrated that these nano- 
systems are able to carry curcumin into LAN5 neurob- 
lastoma cells and their effect on cell mortality is higher 
than free curcumin. 

Liposome 

Liposomes are the small vesicle of spherical shape that 
can be produced from cholesterols, non toxic surfac- 
tants, sphingolipids, glycolipids, long chain fatty acids 
and even membrane proteins. Liposomes are the drug 
carrier loaded with great variety of molecules such as 
small drug molecules, proteins, nucleotides and even 
plasmids. Liposomes were discovered about 40 years 
ago by A.D. Bangham (1980) which has become the 
versatile tool in biology, biochemistry and medicine 
today. Liposome can be formulated and processed to 
differ in size, composition, charge and lamellarity. The 
use of liposome to formulate natural compounds has 
been reported to improve solubility and chemical sta- 
bility (Coimbra et al, 2011). 

Several reports have been shown the potential use of 
liposomal carrier to improve the bioactivity of curcu- 
min. (Rungphanichkul et al, 2011; Basnet et al, 2011; 
Chen et al, 2012; Agarwal et al, 2012; Orr et al, 2012; 
Aditya et al, 2012; Rahman et al, 2012) for various 
routes of administration. The transdermal delivery of 
liposomal curcumin has been described by Chen et al. 
Soybean phospholipids (SPC), egg yolk phospholipids 
(EPC), and hydrogenated soybean phospholipids 
(HSPC) were selected for the preparation of different 
kinds of phospholipids composed of curcumin-loaded 
liposomes: C-SPC-L (curcumin-loaded SPC liposomes), 
C-EPC-L (curcumin-loaded EPC liposomes), and C-HSPC- 
L (curcumin-loaded HSPC liposomes). The average par- 

ticle sizes of these three types of curcumin-loaded lipo- 
somes were 82.37 ± 2.19 nm (C-SPC-L), 83.13 ± 4.89 
nm (C-EPC-L), and 92.42 ± 4.56 nm (C-HSPC-L). Howev- 
er, the C-SPC-L showed better skin permeation and 
further studied for the pharmacodinamic evaluation. 
They demonstrated that curcumin encapsulated in 
liposome composed by C-SPC-L showed better deposi- 
tion, and better antimelanoma activity. 

More complex form of curcumin loaded γ-cyclodextrin 
liposomes with size of about 100 nm and entrapment 
efficiency of nearly 100% was developed by Dhule et al 
(2012), indicated significant potential as delivery ve- 
hicles for the treatment of cancers of different tissue 
origin. 

Dendrimer 

Dendrimers are nanostructures showing highly 
branched with an inner core, produced from macromo- 
lecules such as polyamidoamine (PAMAM), polypropy- 
leneimine and polyaryl ether. The particle size range is 
between 1 to 100 nm although their sizes are mostly 
less than 10 nm. The uniqueness of dendrimers is 
based on their series of branches, multivalency, well 
defined molecular weight and globular structure with 
controlled surface functionality, which enhances their 
potential as carriers for drug delivery (Gilles et al, 2005; 
Gupta et al, 2006). Their globular structures and the 
presence of internal cavities enable drugs to be encap- 
sulated within the macromolecule interior. Dendrimers 
have been reported to provide controlled release from 
the inner core. However, drugs are incorporated both 
in the interior as well as attached on the surface. Due 
to their versatility, both hydrophilic and hydrophobic 
drugs can be incorporated into dendrimers. 

Unlike other nanocarriers which have been explored to 
improve the property of curcumin, application of den- 
drimer is still in early phase. Aim is also to improve the 
delivery of curcumin, mainly to cancer cells. The first 
form of curcumin-dendrimer conjugate was described 
by Markatou et al (2007). A water soluble 
poly(amidoamine) (PAMAM) was used to improve the 
solubility of curcumin analog. In addition, similar cur- 
cumin-dendrimer conjugate was reported by Shi et al 
(2007). They reported that monofunctional curcumin 
derivatives retain biological activity and are efficient 
for labeling and dissolving amyloid fibrils. This promis- 
ing function of dendrimer conjugate is suggested to 
initiate more investigations to improve the limitation 
of curcumin in therapy. 

CONCLUSION 

The main problem of using curcumin for therapy is low 
solubility hence low bioavailability. Development of 
both nanocrystal and nanocarrier systems showed 
promising approaches to improve the efficacy of cur- 
cumin through enhancement of its bioavalaibility. Na- 
nocarrier systems, particularly, such as polymeric- 
based and lipid-based nanoparticles, micelle and den- 
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drimer showed more interesting system than nano- 
crystals due to their ability not only improve curcumin 
solubility and stability, but also assisting curcumin 
crossing biological membranes, tissue, blood-brain 
barrier, and even into cells. In addition, the flexibility to 
functionalize the surface of the carriers, makes them 
possible to target the curcumin-carrier system for spe- 
cific application in clinic, especially for cancer therapy. 
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