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INTRODUCTION

Cancer is the second most common cause of mortality in human societies 
today. According to World Health Organization (WHO) reports, by 

2012, four million new cases of cancer and 8.2 million deaths due to it will 
have been reported. According to the latest studies, in 2020, cancer will be 
the world’s first disease in terms of prevalence (1). Chemoprevention means 
the use of natural or synthetic chemical compounds to prevent the onset 
and progression of cancer. These compounds have little toxicity, side effects, 
while Curcumin, which is a polyphenolic compound, belongs to both groups 
(2). Curcumin has been used in traditional Chinese and Iranian medicine for 
thousands of years. Traditional treatment with turmeric goes back to around 
5000 years ago, which was used to overcome inflammation, infectious diseases 
and autoimmunity (3,4). Curcumin has a tremendous potential for treating 
human diseases like metabolic and infectious diseases, diabetes, psoriasis, 
rheumatoid arthritis, neurodegenerative diseases, arthritis, atherosclerosis, 
Parkinson’s disease, Alzheimer’s disease, heart disease, digestive disorders 
such as indigestion, flatulence, gastric ulcer, duodenal ulcer and cancer (5). 
Curcumin has preventive chemical effects, induces sensitivity to cancerous 
cells against chemotherapy, anti-inflammatory, anti-oxidant, anti-aging, 
antitumor and anti-inflammatory. The anticancer effects of curcumin are 
important because the overdose of it prevents the proliferation of cancer cells 
but does not harm healthy cells (6).

LITERATURE REVIEW

What is curcumin

Turmeric is the underground stem of plant from Zingiberacea with the 
scientific name of Curcuma longa Linn. Turmeric powder is yellow 
and contains compounds called curcuminoids. Curcumin (77%), 
Dimethoxycurcinum (17%), and bisdemethoxycurcumin (BDMC) (3%) 
are the most important curcuminoid (Figure 1) (7). Diferuloylmethane, 
chemically known as 1,7-Bis (4-hydroxy-3-methoxyphenyl) 1,6-heptadiene-
3,5-dione, is a yellow phenolic antioxidant, extracted for the first time 
in an impure form by Vogel et al.  The curcumin structure was found by 
Milobedeska et al. and synthesized by Lamp et al. (8,9).  Curcumin can have 
at least two forms of keto and enol tautomerism forms.

The enol form is more stable energetically in the solid and solution phases. 
Curcumin contains several functional groups. The aromatic ring systems, 
which are polyphenols, are bonded together by the two groups of unsaturated 
carbonyl α and β and form two carbonyl diketone groups. Diketone forms 
stable enzymes, or can easily be deprotonated and form enolate, whereas 
the two groups of unsaturated carbonyl α and β are good Michael acceptors 
and are subjected to nucleophilic attack. Curcumin biosynthetic pathway has 
been very difficult for researchers. In 1973, Roughly and Whiting suggested 
two mechanisms for curcumin biosynthesis. The first mechanism involves a 
chain reaction between cinnamic acid molecules and 5 malonyl-coa, which 
ultimately leads to the formation of curcuminoid. The second mechanism 

is the binding of two cinnamic acid molecules by Malonyl-Cove. In both 
mechanisms, cinnamic acid, which is derived from phenylalanine, is used 
as the starting point. This is significant because the plant biosynthesis of 
cinnamic acid as a starting point is rare compared to the common use of 
P-kumaric acid (10). In addition, turmeric contains a number of volatile 
oils (e.g. zingiberone, atlantone and tumerone), sugar, resin and protein. 
However, except for curcumin, turmeric contains no known agents with 
anti-inflammatory and anti-proliferative activities (11). Several sources 
of curcumin and its analogues have been reported from other species 
of turmeric, such as Curcuma mangga, Curcuma zedoaria, Costus speciosus, 
Curcuma xanthorrhiza, Curcuma aromatic, Curcuma phaeocaulis, Etlingera elatior 
and Zingiber cassumunar.
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cancer treatment were discussed.

Key Words: Anti-carcinogenic; Curcumin; Therapeutic properties; Screening; 
Cotonou

Figure 1) Curcuminoids (8)

Figure 2) Biological sources and chemical structure of curcumin
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Figure 2 shows different biological sources of curcumin (12). As part of the 
Indian medical system, Turmeric Ointment is used to treat common eye 
infections, bites, burns, acne and various skin diseases. Powdered turmeric 
is used in conjunction with the milk to treat cough and respiratory diseases. 
This traditional treatment is also used to treat dental diseases, digestive 
disorders such as indigestion and acidity, bloating, ulcers, and to reduce the 
illusions of cannabis and other psychotropic drugs, too. Curcumin is used 
in perfumes as a natural yellow color and in food as a food additive due to 
its taste.

Figure 3) Traditional uses of curcumin

Figure 3 shows the traditional uses of curcumin (9). In recent years, several 
studies have been conducted on the biological effects of curcumin. These 
studies have shown that curcumin has anti-oxidant, anti-bacterial, antiviral, 
anti-inflammatory, anti-proliferative, pro-apoptotic and other effects, and has 
tremendous therapeutic potential against human diseases such as metabolic 
and infections, diabetes, psoriasis, rheumatoid arthritis, neurodegenerative 
diseases, arthritis, atherosclerosis, Parkinson’s disease, Alzheimer’s disease, 
heart disease, digestive disorders such as indigestion, flatulence, gastric 
ulcers, duodenal ulcer, Kidney, depression, and cancer (5). Figure 4 shows 
the potential uses of curcumin according to the modern technology (10). The 
multiple and multifaceted effects of curcumin have attracted researchers’ 
interest for specifying the cellular goals and mechanisms involved in the 
curcumin action paths. Molecular curcumin is highly polythropic or 
multilateral with many therapeutic effects. The multi-aspect effects of 
curcumin are numerous given its capacity to interact with different molecules 
and to regulate multiple molecular targets and pathways. Many molecules 
and mechanisms are involved in every biologic and pathological events 
and curcumin, with inhibitory or activating effects on these molecules, 
overcomes pathological conditions. The molecular goals of curcumin are 
shown in (Figures 4 and 5) (13,14). Directly or indirectly interacting with 
these molecules, curcumin regulates their function and effects its changes. 
More than 30 different proteins interact directly with curcumin. Due 
to the extent of the scope of the effects of curcumin and its wide-ranging 
mechanisms of functioning in different pathological conditions, further 
discussion is focused on the anticancer mechanisms of curcumin and its 
effect on signaling pathways associated with cancer. The anticancer potential 
of curcumin against a variety of cancers has been shown, including leukemia, 
lymphoma, gastrointestinal tract, urinary tract, breast, uterus, ovaries, 
lung, melanoma, colon, sarcoma, brain tumors, and so on (Figure 6). The 
mechanisms by which curcumin inhibits tumor growth include a combination 
of antioxidant, anti-inflammatory, anti-angiogenic, anti-neoplastic, cell-cycle 
inhibition, and pro-apoptotic properties and through the regulation of genes 
and molecules involvement in these pathways, it induces its inhibitory effects 
on cancer (15,16).

New scientific studies show that curcumin is a highly polyotropic molecule 
that interacts with multiple molecular targets. Curcumin may be directly 
coupled to modulate the activity of these molecules or indirectly regulate 
their function. More than 30 different proteins have been found that 
interact directly with curcumin, including DNA polymerase (17), Focal 
adhesion kinase (FAK) (18), thioredoxin (19) reductase (20), protein kinase 
(PK) C (21), lipoxygenase (LOX) and tubulin (22). It has also been shown that 
curcumin can be bonded to certain metallic bivalent capacities such as iron, 
copper, manganese and zinc (23,24). As shown in Figure 4, curcumin strongly 
inhibits the activation of some transcription factors, including nuclear factor-
κB (NF-κB)(25,26), activated protein-1 (AP-1), signal transducer and activator 
of transcription (STAT) proteins (26,27), (hypoxia-inducible factor-1 (HIF-
1) (28), Notch-1 (29), (early growth response-1 (Egr-1) (30), β- Catenin (31).  
However, on the other, it activates some transcription factors such as aryl 

hydrocarbon receptor (AhR) (32), activating transcription factor (ATF) (33), 
C/EBP homologous protein (CHOP) (34), electrophile Response Element 
(EpRE) (35), peroxisome preoliferator-activated receptor-gamma (PPAR-γ) 
(36), NF-E2-related factor (Nrf2) (37). It has been shown that nuclear factors, 
AP-1, NF-κB, STAT-3, β-catenin, Egr-1, HIF-1, and Notch-1 have a role in 
cell proliferation, cell survival, invasion, angiogenesis, tumorigenicity and 
inflammation. In most of the cancers, these transcription factors have 
expression increase. NF-kB represents a family of eukaryotic transcription 
factors playing an important role in regulating the expression of a wide 

Figure 4) Molecular targets of curcumin (15)
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(72). Curcumin significantly inhibits the proliferation and survival of PC-
14 adenocarcinoma of the lung and P34 adenocarcinoma of the pancreas, 
associated with inhibiting the extracellular kinase receptor phosphorylation 
(ERK 1/2) and decreasing the expression of COX-2 and EGFR protein 
(72). Likewise, curcumin has shown that tyrosine kinase activity inhibits the 
neu/HER2 receptor and discharges the receptor protein. The suppression 
of HER2/neu and EGFR activities is one of the mechanisms by which 
curcumin suppresses the growth of breast cancer cells (73). Angiogenesis is 
a physiological process of the growth of new blood vessels from preexisting 
vessels. In cancer, angiogenesis is generally considered as an important step 
in the growth and metastasis of the tumor. Growth factors produced by 
the tumor can stimulate vascular formation (74). Curcumin might directly 
inhibit angiogenesis and reduce the expression of various pro-angiogenic 
growth factors such as VEGF, FGF and EGF (75). Estrogen and alpha and 
beta receptors (ERα ERβ) play an important role in the development and 
development of breast cancer (76). As in many receptors in breast cancers, 
ER moderation is a promising tool for controlling breast cancer. Curcumin 
has inhibited the growth of both ER-positive MCF-7 and T47D cells, as 
well as ER-negative cells MDA-MB231, suggesting that curcumin may exert 
its chemical precursor effects independently of the occurrence of estrogen 
receptor (77). The effects of curcumin are mediated through the inhibition 
of other protein kinases, including autophosphorylation-activated protein 
kinase (AK) (20), Ca2+ -dependent protein kinase (CDPK) (20), FAK 
(18), IL-1 receptor-associated kinase IRAK) (78), Janus Kinase (JAK) (79), 
mitogen-activated protein kinases (MAPKs) (80,81), the mammalian target 
of rapamycin (mTOR) (82,83), phosphorylase kinase (PhK), protamine 
kinase (cPK), PKA, pp60c-src (20), cytosolic PKB/Akt (84), PKC (81), spleen 
tyrosine kinase (Syk) (85) (Figure 5).

Inflammatory cytokines

During severe infection or after severe injury, excessive synthesis and 
production of inflammatory cytokines, including TNF-α, IL-1β and IL-6, 
play a major role in the development of topical and systemic inflammation, 

range of vital genes for inherent and acquired immunity, inflammation and 
cell survival (38,39). Non-regulated NF-kB activity happens in a number of 
diseases, especially cancer, and acute and chronic inflammatory diseases. In 
un-stimulated cells, NF-kB in cytosol is used as a heterodimer in physical 
collaboration with a protein called the inhibitor κB (IκB) (40,41). Various 
pathogenic stimuli, including bacterial products, carcinogens, cancer 
promoters, cytokines, radiation, ischemia/reperfusion, and oxidants can 
activate NF-kB through several signal transmission pathways. After activation, 
NF-kB is transmitted to the nucleus, where it induces the expression of more 
than 200 target genes that induce cell proliferation, invasion, metastasis, 
resistance to treatment, and/or inflammation (42). The constant expression 
of active NF-κB has been reported in many cell lines and tumors, including 
in breast cancer (43), gynecologic cancer (44), gastrointestinal cancer (45), 
head and neck squamous cell carcinoma (46), hematological cancer (47), 
melanoma (48). Curcumin prevents the activation of NF-kB in cell types 
though inhibiting the transfer of P65 to the nucleus and suppressing the 
breakdown of IκBα (49). By inhibiting the activation of NF-kB, curcumin 
suppresses the expression of various survival cells and proliferation genes, 
including Bcl-2, BCL-XL and Cyclin D1, IL-6, cyclooxygenase 2 (COX-2) and 
matrix metallopeptidase (MMP) -9. It then stops the cell cycle, inhibits the 
cellularity of the cell and induces apoptosis later on (50). AP-1, known for the 
first time as an induction transcription factor of 12-O-tetradecanoylphorbyl-
13-acetate (TPA), is another transcription factor that expresses genes 
responsible for cell proliferation, survival, differentiation, apoptosis, cell 
migration, and adjusts transformation (51). AP-1 is a dimeric complex 
consisting of many different proteins belonging to the family of C-FOS, 
c-Jun, ATF and Jun proteins (52). These AP-1 factors can respond to the 
element TPA binding and increase the expression of the target gene (53). 
It has been shown that curcumin prevents the activation of AP-1 through 
preventing the AP-1 binding to its binding motive to DNA in the tumor 
promoter (54). Curcumin increases the expression of glutamate-cysteine 
ligase (GCL) and other enzymes of phase II, due to the increased content 
of JunD and C-jun in the AP-1 complex and MafG/MafK and reduction 
in the EpRE complex (55). As already stated, curcumin can activate some 
transcription factors such as AhR, ATF3, CHOP, EpRE and NRF2. The 
induction of ATF3 contributes to the pre-apoptotic effects of this compound 
(33). The activation of Nrf2 by curcumin is associated with induction of 
hemeoxygenase-1 (HO-1) and increased expression of the activity of the 
aldose reductase promoter (56,57).

Growth factors and protein

Growth factors and their receptors play an important role in the natural 
process of growth and differentiation. Unregulated expression of these 
molecules can end in the abnormal growth and malformation (58). In 
addition, increased expression of growth factors, such as transforming 
growth factor-α (TGF-α), could end in non-neoplastic disorders such as 
psoriasis (59,60). Curcumin has shown to modify the expression and 
activity of these growth factors, so showing anti-proliferative, anti-invasive 
and anti-angiogenic effects (Figure 5). Epidermal Growth Factor Receptor 
(EGFR; ERBB-1; HER1 in humans) is a plasmid membrane integrin 
tyrosine kinase protein with a dominant connection to the cysteine-rich 
extracellular ligand, a transmembrane hydrophobic membrane, and a 
C-terminal semiconductor containing tyrosine with kinase function and 
various positions of autophosphorylation of tyrosine (61,62). This is one of 
the members of the family of ErbB receptors linked to the subfamilies of 
four receptor tyrosine kinases: EGFR (ErbB-1), HER2/c-neu (ErbB-2), Her3 
(ErbB-3), Her4 (ErbB-4) (61). EGFR activation occurs mainly through ligand-
dependent mechanisms yet can also occur through pathways independent 
of the ligand, as well as by enhancing receptor expression (61). EGFR and 
its family members are stimulated by multiple ligands, including EGF, EGF, 
TGF-α, amphiregulin, betacellulin, epigen, epiregulin, and the growth factor 
of EGF-binding to heparin (61,63). The ligand induces the binding of the 
receptor’s extracellular domain, forming the hemorrhage receptor and the 
heterodimer. The formation of this receptor dimer complex, auto- and/or 
cross-phosphorylation of the tyrosine resin stimulates the receptor terminal 
C at the tail of the receptor which can trigger phosphorylation/signaling 
cascade through interlocking with proteins with the dominant SH2- and 
the terminal bond to phosphotyrosin (61). Furthermore, it has shown that 
EGFR can be moved to the nucleus where it can act as a vector for cyclin D1 
(61,64) and as an activating aid for STAT3 (65) and E2F1 (66), Unregulated 
signaling pathway of EGFR is an important contributing factor to many 
types of cancers such as breast (67), lung (68), colorectal (69) and head/neck 
(70). EGFR has been reported as a potential curcumin target (71). Curcumin 
blocks EGFR signaling pathway by blocking EGFR tyrosine phosphorylation 
and inhibiting EGFR gene expression by interacting with PPAR-γ activation 

 

Figure 5) Potential uses of curcumin based on modern technology (13)

 
Figure 6) Various cancers against which curcumin has potential for prevention and 
treatment (15)
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resulting in severe pathophysiological impairment or defects in the limbs 
(86,87). The cytokine gene and the expression of the protein in the 
producing cells are heavily controlled and one of the important steps in 
this gene transcription setting. Therefore, inhibiting the production of pro-
inflammatory cytokines by regulating transcription factors, such as NF-kB, 
is a potential strategy for controlling inflammatory reactions (87,88). Some 
studies have shown that curcumin can modulate the production of various 
inflammatory cytokines, resulting in strong anti-inflammatory activities 
(89,90). TNF-α plays an important role in regulating immune cells and 
systemic inflammation (91). Disruption of TNF-α production is shown in 
a variety of inflammatory diseases (such as rheumatoid arthritis, Crohn’s 
disease, multiple sclerosis, psoriasis) and cancer (92). In vitro and in vivo studies 
have proven curcumin’s strong inhibitory effects on TNF-α production. In 
monocytes and alveolar macrophages, curcumin inhibits the production 
of stimulated PMA or lipopolysaccharide (LPS) mediated TNF-α (89). In 
diabetic rats, chronic treatment with curcumin reduces serum TNF-α levels, 
cognitive impairment, oxidative stress, and inflammation significantly (93). 
Interleukin is another group of inflammatory cytokines with an important 
role in regulating inflammatory response. In addition, signaling pathways 
such as NF-kB and STATs have a role in tumor invasion and angiogenesis 
(94). In HaCaT-cells treated with TNF-α, curcumin deters the expression of 
IL-1β and IL-6 by inhibiting NF-kB and the MAPK pathway (95). In human 
lymphocytes stimulated with cancanavaline A, phytohemagglutinin and 
PMA, curcumin inhibits the synthesis of IL-2 and this effect may interfere 
with NF-kB inhibition (96).

Enzymes

Some types of enzymes associated with inflammation and cancer have shown 
to be modified by curcumin. These enzymes are COX-2 inducible nitric oxide 
synthase (iNOS), 5-LOX phospholipases A2 (PLA2). COX-2, an induction 
form of COX, can selectively be induced by mitochondrial and inflammatory 
stimuli, ending in an increase in the synthesis of prostaglandins in inflamed 
and neoplastic tissues (97,98). Evidence shows that COX-2 is increasing in 
a wide range of cancers in humans, such as colon, liver, pancreas, breast, 
lung, bladder, skin, stomach, head and neck (98). Curcumin can reduce the 
expression and the activity of COX-2 in vitro and in vivo (99,100). In TPA-
treated mouse, curcumin inhibits the expression of COX-2 protein strongly 
along activating TPA-stimulated NF-kB (99). In gastrointestinal cell lines (SK-
GT-4, SCC 450, IEC-18 HCA -7,), curcumin suppresses the COX-2 protein 
induced by chenodeoxycholate or PMA and its mRNA expression (101). 
HO-1 is an enzyme catalyzing degradation to bileuridine, iron, and carbon 
monoxide (102). HO-1 induction is involved in inflammatory response in 
the lung (103), liver (104) and kidney (105), as well as systemic response to 
hemorrhagic shock (106). Curcumin inhibits glomerular fibrosis through 
HO-1 induction (107). The induction of HO-1 by curcumin is connected 
with the production of reactive oxygen species (ROS), activation of P38 
and inhibition of phosphatase (108). Other important enzymes whose 
expression is reduced by curcumin are arylamine N-acetyltransferase (109), 
ATPase (110), desaturase (111), DNA polymerase (17), farnesyl protein 
transferase (FPTase) (112), iNOS (113), 5-LOX (114), MMP (115), NAD (P) 
H dehydrogenase quinine oxidoreductase 1 (116), ornithine decarboxylase 
(ODC) (117), PLA2 (73), telomerase (118,119), and xanthine oxidase (XO 
) (120,121). Conversely, the enzymes enhanced by expression curcumin are 
GCL (122), and 2 domain-containing tyrosine src homology (123) (Figure 5).

Adhesion molecules

Cell adhesion molecules (CAMs) are glycoproteins at the cell surface 
needed for binding other cells or extracellular matrix in a process called 
cell adhesion (124). The expression of cell surface expression of various 
adhesion molecules such as intercellular cell adhesion molecule-1 (ICAM-1), 
vascular cell adhesion molecule-1 (VCAM-1), endothelial leukocyte adhesion 
molecule-1 (ELAM-1) play an important role in inflammatory diseases and 
Neoplastics (125,126). It is reported that TNF-α-expressed expression in 
ICAM-1, VCAM-1, and E-selectin is inhibited by inhibiting NF-kB, which 
shows the expression of CAMs is partially regulated by NF-kB (127). The 
most recent studies have shown that curcumin inhibits the expression of 
VCAM-1 in human intestinal microvascular endothelial cells by suppressing 
AKT, MAPK, P38, and NF-kB (128).

Apoptosis-associated proteins

Apoptosis, or planned cell-death, defined as a cellular suicide mechanism 
after serious cell damage is essential for the development and maintenance of 
cell homeostasis in single cell and porcelain organisms (129). Uncontrolled 
apoptosis can lead to cancer, autoimmune disease, and degenerative diseases 
(130). Hence, increased interest has been on clarifying apoptotic pathways 

for causing disease and identifying compounds that can induce apoptosis. 
Studies have shown that curcumin can induce apoptosis in a number of 
human cancer cells and inhibit the onset of tumor onset and growth in 
animals (131-134). Curcumin chemical prevention action may lie in its ability 
to induce apoptosis by several pathways (135). A microarray study showed 
apoptotic genes regulated by curcumin in tumor cells. The results were 
indicative of the fact that among the 214 genes associated with apoptosis, 
expression of 104 genes was altered by curcumin. The genes expressed by 
curcumin are HIAP1, CRAF1, TRAF6, CASP1, CASP2, CASP3, CASP4, 
HPRT, GADD45, MCL-1, NIP1, BCL2L2, TRAP3, GSTP1, DAXX, 
PIG11, UBC, PIG3, PCNA, CDC10, JNK1, RBP2 (134). The genes that 
are expressed by curcumin are TRAIL, TNFR, AP13, IGFBP3, SARP3 PKB, 
IGFBP, CASP7, CASP9, TNFSF6, TRICK2A, CAS, TRAIL-R2, RATS1, 
hTRIP, TNFb TNFRSF5 (136).

Nano-formulations of curcumin

The use of curcumin for various diseases is mainly due to its active 
biological functions, such as anti-inflammatory, antioxidant, antimicrobial, 
anti-Alzheimer’s, anti-tumor, anti-diabetic and anti-rheumatic activities 
(12,137). Moreover, curcumin has shown to be a blood glucose-lowering 
agent, neuromuscular, cardio and nervous protective molecule (138). More 
importantly, this molecule suppresses thrombosis and protects against heart 
attacks as well. Over the past two decades, the publication of about 8,000 
dreams, articles, reports, comments, patents and clinical trials has proven 
that curcumin, which is actually a potential therapeutic molecule. Moreover, 
the molecule is considered to be “generally recognized as safe (GRAS) by 
the American Food Drug Administration (USFDA)” (139). Like many other 
small molecules of drug-rich drugs, curcumin is also restricted for its efficient 
use in clinical situations for the treatment of disease. These limitations 
are low water content and inherent dissolution rate, low physical-chemical 
instability, rapid metabolism, low bioactive absorption, pharmacokinetics 
and low bioavailability, targeting efficiency and low penetration (140-142).  
All of these factors affect the effective use of curcumin as a therapeutic 
molecule significantly. Thus, different formulations like natural, modified, 
and micro/nano-curcumin formulations, emulsions, creams, solutions, 
pills, gels, wound adhesives, and so on are used for conventional or 
exploratory injections to achieve optimal results in different pathologic 
conditions (143-145). Curcumin shows much strength, like traditional use 
for centuries, excellent biological activity, extensive pre-clinical, animal, 
clinical, and human use that promotes the rapid development of curcumin 
or curcumin formulations in medicine. These positive indicators promote 
nanotechnologists to design and formulate nanocorcinom formulations to 
enhance dissolution, sustainability, cellular uptake/internalization, attribute, 
tolerance, and therapeutic index (145,146). During the past decade, several 
methods have been developed according to nano-materials to increase the 
use of curcumin in vitro, in vivo and in the field of preclinical studies, like 
the use of conjugates/polymer conjugates, lipid/liposomes hydro/micro/
nanogel, and nanoparticles (NPs) (146). Specific roles and the benefits of 
using any delivery system are presented in Table 1. Many of these efforts 
have initially improved bioavailability, yet newer formulations have stressed 
the efficient targeting of curcumin in the site with the help of antibodies, 
aptamers, and peptides (145). Effective delivery of curcumin through using 
nanotechnology not only helps overcome solubility, rapid drug metabolism, 
decomposition and sustainability issues, but also nanoscience. Thus, it is 
necessary to diffuse or target tissue debris, while the unwanted toxicity 
around the normal cells/minimize the texture (139). The applications of 
curcumin nano-materials in the treatment of cancer In many in vitro and in 
vivo conditions, curcumin nanomaterials have shown superior therapeutic 
benefits over free curcumin (139). In this section, we check the use of 
different curcumin formulations for cancer treatment. After heart disease, 
cancer is the second leading cause of death in humans. The most commonly 
used therapies are surgery, chemotherapy, radiotherapy, targeted therapy, 
immunotherapy, hyperthermia, photothermic therapy, and other alternative 
therapies. Traditionally, chemotherapy is highly recommended for both 
solid tumors and metastasis. Nonetheless, the side effects of chemotherapy 
for normal and healthy tissues/organs are quite harmful. Thus, curcumin 
and its nano-materials play an important role in increasing sensitivity to 
radiation/chemotherapy and can act as a therapeutic option to provide a 
suitable dose at tumor site. Curcumin nano-forms significantly enter the 
cancer cells through endocytosis or receptor mediators in the presence of 
endocytosis and curcumin is released into active form to induce its biological 
effects (139).

Curcumin emulsion formulation

Micro-emulsions are isotropic nanostructures as stable solutions of 
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surfactants, oils, and water. Curcumin-based microemulsion is expected to 
enhance the delivery of curcumin via topical and transdermal routes for 
systemic sclerosis, psoriasis, and skin cancer. Curcumin microemulsion is 
highly permeable to eucalyptol and is fluctuated with the moderate solubility 
of curcumin compared to many microemulsions based on esteem oil and 
oleic acid (147-183). Simultaneous administration of curcumin and paclitaxel 
nanoemulsions can defeat the multi-drug resistance in human ovarian cancer 
cells (SKOV3) by inhibiting the activity of NF-kB, reducing the expression of 
P-gp, and accelerating apoptosis (184). In addition, curcumin nano-emulsion 
increases the bioavailability of paclitaxel by 5.2 times. In addition, oral 
administration of paclitaxel to models of transgenic goofy mice that carries 
the SKOV3 tumor causes a 3.2-fold increase in accumulation of paclitaxel in 
the tumor site. This is due to a decrease in the expression level of the proteins 
of the P-gp of the intestines and of the cytochrome P450 3A2 (CYP3A2) 
(185).

TABLE 1 

Commonly used curcumin delivery systems and their specific 
advantages over conventional Systems

Type of nanoparticles Significance and comments

Liposomes (147-150)
Liposomes are generated from phospholipid bilayers. 
This is the second most widely used vehicle to 
solubilize/encapsulate curcumin.

Cyclodextrins (151-154)

Cyclodextrins are cyclic oligosaccharides that can 
solubilize curcumin in a lipophilic cavity, and the 
hydrophilic outer surface helps in greater dispersion of 
the formulation.

Micelles (155-159)

Micelles or polymeric micelles are composed of 
amphiphilic block copolymers that spontaneously 
form 20–100 nm micelles in aqueous solution at the 
above critical micellar concentration. The hydrophobic 
core of micelles can effectively house curcumin for 
solubilization and targeted delivery.

Dendrimers (160-164)

Dendrimers are composed of highly branched and 
star-shaped networks of macromolecules. Typically, 
dendrimers are formed symmetrically around the 
core at nanometer-scale dimensions and are three-
dimensionally spherical in morphology. These carriers 
are highly suitable for conjugation and loading of 
curcumin.

Nanogels (165-167)

Nanogels are hydrogel nanoparticles of swollen 
physical/chemically cross-linked networks composed 
of hydrophilic or amphiphilic polymer chains. These 
carriers can be designed to transport various drug 
molecules including curcumin. These carriers mimic 
human tissues due to higher hydrophilicity in the system 
due to swollen nature.

Gold nanoparticles (168, 
169)

Gold nanoparticles are emerging as a novel platform 
as photothermal agents, contrast agents, and 
radiosensitizers. In addition, current literature supports 
their use in the delivery of curcumin.

Polymers (170-173)
Polymers have been exploited to improve solubility 
and bioavailability of curcumin. Polymeric carriers have 
been widely studied for efficient delivery of curcumin.

Conjugates (174, 175)
Conjugation of curcumin to small molecules and 
hydrophilic polymers is a known practice to increase 
aqueous solubility.

Lipid nanoparticles (176-
179)

Lipid nanoparticles are typically spherical in shape with 
a lipid core matrix that can solubilize curcumin. The lipid 
core is usually stabilized by surfactant molecules.

Magnetic 
nanoparticles (180-182)

Magnetic nanoparticles are a class of nanoparticles 
that can be used for multifunctional purposes including 
delivery of drugs (curcumin), magnetic resonance 
imaging, and hyperthermia.

Curcumin liposomes formulation

Liposomes are composed of synthetic phospholipid vesicles, which appear 
to be bio-safe and bio-compatible and protect medications from external 
stimuli. Given the presence of both hydrophilic and hydrophilic groups in 
the structure, liposomes are an interesting carrier for delivery of the drug. The 
hydrophobic layer mainly contains phospholipids and cholesterol molecules. 
This fat-based carrier is suitable for delivering water-insoluble chemical 
preventive agents like curcumin, resveratrol, oryzanol and N-acetylcysteine. 
Based on the drug’s lipophilicity, the drug can be placed between the two 
layers of phospholipids or in the interior of the liposome. Liposomes 
are specifically designed to regulate drug release, permeability, cellular 
assimilation, targeting, and distribution (186). It has been determined that 
a more developed absorption capacity of curcumin can be obtained by 
dissolving, mixing or mixing it with different types of phospholipid (146). 
Encapsulated curcumin based on DMPC- (dimyristoylphosphatidylcholine) 
inhibited 70-80% cellular activity in prostate cancer cells LNCaP and C4-
2B. Curcumin loading liposomes were undeniably more effective than 
crude curcumin as the concentration of 10 times more crude curcumin 
was required to produce similar cellular responses. These data emphasized 
bioremediation and higher absorption of curcumin (187). Sou et al. 
successfully formulated lipid quercine with 1,2-dimyristoyl-sn-glycero-3-
phosphocholine (DMPC) and an ammonium anion L-glutamic acid, N- 
(3-carboxy-1-oxopropyl) 1.5-dihexadecyl ester (SA). Intravenous injection 
of this formulation in rat did not show any acute responses in circulating 
blood cells and more curcumin accumulated in the bone marrow and spleen 
tissue (188). The recent pharmacokinetic study of solid curcumin lipid 
nanoparticles in patients with osteosarcoma was reported in 4 hours of oral 
administration of 2000-4000 mg of curcumin, up to about 31.42 to 41.15 ng/
ml of curcumin. Most importantly, patients experienced no side effects (189). 
A comparative study was conducted to examine the absorption of curcumin 
loaded in liposome and serum albumin in normal spleen lymphocytes 
and EL4 lymphoma cells, respectively, through liquid phase peenocytosis 
and membrane fusion. Liposomal formulations containing curcumin were 
better carriers and more fluorescence and absorption levels were observed 
in lymphoma cells compared to normal cells (190). Li et al. evaluated the 
ratio of lipid curcumin (10: 1 wt./Wt) on various pancreatic cancer cells, 
such as ASPC-1, BxPC-3, Capan-1, Capan-2, HS766-T and MiapaCa2, and 
the concentration IC50 inhibitory activity was at 2.0-37.8 μM, whereas IC90, 
which was evaluated as cytotoxicity, was 6.75-94.5 μM (191). Narayanan et al. 
presented an interesting insight into the use of curcumin and resveratrol in 
liposomes to examine their combined effects on: 

1) Cell growth, apoptosis and cell cycle. 

2) Activation of p-activated proteins, cyclin D1, mammalian target of 
rapamycin (m-TOR) and androgen receptor (AR) involved in prostate tumor 
progression PTEM-CaP8.

In general, this compound formula significantly reduced prostate 
adenocarcinoma and its incidence in the body (p<0.001) (192). A new 
phospholipid-curcumin disk nanoparticle was successfully designed with a 
diameter of less than 50 nm and a two-layer phospholipid thickening with 
apolipoproteins as a stabilizer. The anti-proliferative activity of this curcumin 
nanoparticle in hepatoma and Jeko lymphoma cells was significantly higher 
than that of crude curcumin. Moreover, this nanoparticle induces more 
apoptosis in cancer cells (193). Positive encoding nano-liposome curcumin 
was designed using PEG and polyethylene glycol (PEI) cations. Although 
this method decreased inclusions (45%), its cellular toxicity was significantly 
different from that of different cancer cell lines, like mouse cancer cells 
(B16F10 melaoma LL2 lung carcinoma, CT26 colorectal adenocarcinoma, 
JC breast adenocarcinoma) and human cancer cells HepG2 hepatocellular 
carcinoma, A549 lung carcinoma, HT-29 colorectal adenocarcinoma, cervical 
carcinoma about 20 times higher than crude curcumin. In vivo administration 
of this formula reduces tumor growth in mice with CT26 and B16F19 cancer 
cells (194) Encapsulation of curcumin with co-anticancer agents is another 
formulation method used to cure cancer, as the synergistic effect of several 
drugs increases the anticancer effects, along with reducing cell cytotoxicity to 
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non-malignant (195). Furthermore, a mixture of curcumin-based liposomes 
and oxaliplatin showed a higher inhibition in the growth of colorectal cancer 
compared with oxaliplatin alone (196).

Polymerization of curcumin

Nano-encapsulation of curcumin with polymers is a promising approach that 
simultaneously improves the biological efficiency of curcumin and reduces 
the rate of decomposition of curcumin in the body. So far, many natural and 
synthetic biodegradable polymers are used for encapsulation, like poly (vinyl 
alcohol) (PVA), poly (lactic-co-glycolic acid) (PLGA), N-isopropylacrylamide 
(NIPAAM), N-vinyl pyrrolidone, Polyethylene glycol monoacrylate (NIPAAM 
VP/PEG A), silk fibroin, chitosan. Overall, these polymers have common 
characteristics, including biocompatibility, biodegradability, easy physics-
chemical properties, and potential for moderated release of drugs g (197-
199). Poly (lactic-co-glycolic acid) (PLGA) is a common choice in the 
production of various biomedical carriers due to biocompatibility and 
biodegradability. In an effort to produce a safe carrier, a variety of PLGA 
nanoparticles is discovered for encapsulation of curcumin. A simple solid-
oil-water solvent evaporation method is used to curcumin incorporation 
in PLGA nanoparticles. Particle size can be controlled by concentration 
of surfactant and sonication time (200). Then, Yallapu et al. designed the 
solvent evaporation method for increasing the encapsulation of curcumin in 
PLGA nanoparticles through less particle size, cellular absorption, and anti-
coagulation properties (201). A recent study showed that the encapsulation of 
curcumin nanoparticles by PVA and PLGA increases the fecundity of cancer 
cells. The authors of the study reported that curcumin-coated nanoparticles 
by controlling the NFKB nuclear factor in killing various cancerous cell lines 
from leukemia (K-562), human colon cancer (HCT-116), pancreatic cancer 
(PANC-1 and MIA PaCa- 2) are more efficient than curcumin free (186). The 
functionalization of the surface of the PLGA nanoparticle having curcumin 
by bis (sulfosuccinimidyl) suberate (BS3) eased the binding of anxin A2 and 
led to the effective treatment of curcumin in cancer cells of MDA-MB-231 
positive anxin A2 (202). Shahani and Panyam developed a stable and 
injectable microparticular formulation of curcumin (i.e., 38.1 mg/100 mg 
of particles, 76.2% encapsulation efficiency) with a higher loading capacity 
compared to many formulations. Improved glutathione-s-transferase (GST) 
activity in the liver was observed with the injectable microparticles, and 
this phenomenon was consistent for four weeks. GST activity represents 
a powerful endogenous defense mechanism against carcinogens (203). 
Dextran sulfate-chitosan-based nano-formulations are biocompatible 
materials that can be used for oral, intravenous and controlled delivery 
purposes. Anitha et al. measured cell absorption of encapsulated curcumin 
particles in dextran sulfate-chitosan nanoparticles using spectrophotometric 
method in cell lines of L929, MCF7, PC3, and MG 63 cells. Moreover, the 
study of cytotoxicity and fluorescence-activated cell sorting (FACS) suggested 
that the anticancer activity of this formula in the MCF-7 cell line was higher 
than the other cancer cells (204). Copolymers such as NIPAAM, N-vinyl-
2-pyrrolidone, polyethylene glycol monoacrylate (NIPAAM [VP/PEG 
A]) are used to encapsulate curcumin. It was found that curcumin coated 
nanoparticles coated with NIPAAM (VP/PEG A) (VP/PEG A) were very 
effective in controlling the viability of medulloblastoma and glioblastoma 
cells. The initial result showed that curcumin expresses the expression of 
the IGF pathway that is important for the formation and growth of brain 
tumors (170,171). Encapsulation of curcumin and doxorubicin by treating 
polymorphic nanoparticles treated multifocal resistant cancer cells more 
effectively (K562 cells). The initial release of curcumin from nanoparticles 
reduced the expression of Bcl-2 and MDR1, suppressing the mechanism of 
exertion of drug from cancer cells. Consequently, the release of doxorubicin 
was induced by cancer cell death (205).

Curcumin self-assemblies

Several various methods have been developed for the complexation of 
curcumin or the self-assembly of curcumin with β-cyclodextrin and their 
derivatives. Moreover, several β-cyclodextrin and curcumin complexes are 
reported recently. Cyclodextrins are oligosaccharides with a hydrophilic 
outer layer and a lipophilic core. The complexation and incorporation 
of hydrophobic drugs (e.g., curcumin) can occur in the central nucleus 
of cyquelocastrin. Cyclodextrin increases stability, bioavailability, 
decompression of curcumin and inhibition of non-malignant cells toxicity 
(151). Yallapu et al. developed a delivery system for beta-cyclodextrin (CD) 
mediated curcumin drug via incubation. Measurement of cell proliferation 
and colonization revealed that self-assembly of curcumin-CD increased the 
delivery of curcumin and the therapeutic effect of CD-curcumin on prostate 
cancer cells has been improved compared with free curcumin (152). The self-
assembly of cyclodextrin-curcumin has more toxic effects compared to free 

curcumin in (human chronic myeloid leukemia) KBM-5, neck squamous 
cancer (SSC-4) human head, and (Caco-2) (human colonic carcinoma and, 
Caco-2 (human colonic carcinoma) and Panc-28 (pancreatic cancer).  a tumor 
necrosis factor (TNF, activation of NF-kB, inhibition of the genes involved 
in cyclin D1, invasion and angiogenesis). This formulation controls tumor 
necrosis factor (TNF), activation of NF-kB, inhibition of the genes involved 
in cyclin D1, invasion and angiogenesis. On the other hand, the formulation 
expresses the expression of death receptors (DR4, DR5) in cancer cells of 
KBM- 5 increased (152). A similar pattern of curcomin encapsulation in 
cyclodextrin and poly (ciclodextrin) led to self-assembly formation whose 
anti-cancer potential is enhanced by reducing the expression of the family of 
BCL2 pro-survival genes, Bax, Bcl-xL, and induction of apoptosis. Moreover, 
it is shown that the cellular toxicity of this formula is better than other 
formulations of ciclodlockestrin-curcumin. Treatment with this formulation 
showed a significant cut in the poly [ADP-ribose] polymerase [PARP] protein, 
as an indicator for cell death through apoptosis (206). Curcumin hydration 
in the presence of poly (ethylene) -cholesteryl ether (PEG- Chol) showed a 
synergistic effect on myeloma cell lines (RPMI 8226, U266 and 5TGM1) to 
produce uniform nanoparticles (10 nm) (207). A complex of liposomes, PEG, 
and polyethylene glycols were used to encapsulate curcumin. This complex 
showed inhibitory effects of 5-fold and 20-fold resistance on HepG2, HT-
29, HeLa, A549, CT26/cur-r and B16F10/cur-r cells. In rats with CT-26 or 
B16F10 cells, with this nan-formulation of curcumin, 60-90% inhibition in 
tumor growth was observed (208).

Mycelium curcumin formulation

Polymylcellulose micelles (PM) are macromolecular communities of 
amphiphilic copolymers in aqueous solutions that form a spherical core and 
internal shell formed by hydrophobic interactions with insoluble parts in 
water. Micelle should not be confused with liposomes; the liposomes are 
composed of two lipid layers, whereas micelle is made of single-layer lipid. 
Advantages of using polymer micelles as carriers for hydrophobic drugs 
are improving the stability and solubility of the drug, reducing toxicity to 
healthy cells, prolonging circulation time and increasing tissue penetration. 
Several biodegradable and biocompatible amphiphilic copolymers are 
used in the manufacture of PM, including pluronic, poly (ethylene glycol) 
-b-poly (D, L-lactide) (PEG-PDLLA), poly (ethylene glycol) -b-PCL (PEG-
PCL), poly (ethylene glycol) -b-poly (lactide-co-glycolic acid) (PEG-PLGA), 
and poly (κ-caprolactone). Pluronic, consisting of poly (ethylene oxide) PEO 
hydrophilic blocks and poly (propylene oxide) PPO are the most commonly 
used polymer for micelle systems based on hydrophilic/hydrophilic 
interactions for micellisation (209). Sahu et al. showed that Pluronic (F127) 
has more molecular weight to trap curcumin compared to Pluronic (F68) 
with less molecular weight, although the release of curcumin is reversed. 
After 10 days, 80% of the curcumin was released from Pluronic, whereas 
only 60% of curcumin is released from Pluronic (F127). Pluronic (F127) 
has cytotoxic activity on HeLa cells in vitro, whereas IC50 for free curcumin, 
pluronic F68, and pluronic F127 are 14.32 16.01, 17.45 μM respectively 
(210). Micelle systems based on polymer materials, widely used for delivery of 
curcumin to cancer cells, have been studied. Methoxy poly (ethylene glycol)-
b-poly (ԑ-caprolactone-co-p dioxanone) (MPEG-P[CL-co-PDO]), amphiphilic, 
micelle polymer nano-particles were used for delivery of curcumin to PC-3 
human prostate cancer cell. The mixed micellar copolymers had high 
incubation efficacy (95%<) had release profile of the resistant drug and 
dose-dependent cytotoxic effect on cancer cells relative to crude curcumin. 
In addition, no toxicity was found in the empty micellar carrier (211). In 
another study, PEO was mixed with hydrophobic nuclei PCL to form a 
copolymer with curcumin-bound incubation properties. As expected, as 
PCL molecular weight increased, the interaction between hydrocortisone 
curcumin and PCL increased, resulting in improved incubation efficiency. 
Interestingly, the curcumin solubility reached 626.98 μg/ml from 11 ng/ml, 
whereas its anticancer activity was retained, which was confirmed with in 
vitro cytotoxicity studies on rat’s melanoma cancer cell (B16-F10) and human 
cancer cells human lymphoma cell lines (Mino and SP-53) and human 
mantle cell lymphoma cell lines (JeKo-1) (212).

Formulation of curcumin nano-gel

Drug delivery with the use of hydrogel and nano-gel is not something new, 
yet there are only few studies available on the delivery of curcumin to cancer 
cells and relevant biological interactions. Nano-gel, a miniature version of 
hydrogel, has the same characteristics as its micro-counterpart, including high 
stability in aqueous solutions, high aqueous adsorption and inflammation 
ratios. In addition to other properties of nano-carriers, nano-gel has 
additional unique features such as large total surface and porous structure, 
respectively, for conjugation of drawers and storage of drugs (165,213). 
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Mangalathil et al. designed a biocompatible, biodegradable, chitin nano-gel 
encapsulating curcumin for treating skin cancer through transdermal routes. 
Chitin nano-gel had, 70-80 nano-meters, a specific toxicity to human skin 
melanoma (A375), but was less toxic to human skin fibroblasts (HDF) cells. 
The flow cytometric results showed that curcumin-encapsulating chitin nano-
gel had apoptosis effect compared with crude curcumin, indicating that the 
anticancer activity of curcumin was retained even after being incorporated 
into the gel (212). In another study, alginate-chitosan-pluronic nanogel was 
synthesized through the polycation interactions process to encapsulate 
curcumin to test cancer in vitro. Although the encapsulation efficiency was 
higher (about 5-10 times), the effect of encapsulated curcumin cell cytotoxicity 
was not statistically superior to HeLa cells (4). A study by Wei et al., a nano 
form of curcumin was designed that sustained and significantly increased 
cell permeability and anticancer activity in standard oral administration. 
Curcumin as an ester binds to a nano-gel hyaluronic cholesterol acid (CHA) 
that is capable of delivering targeted therapies to cancer-resistant cancerous 
cells expressing a drug-resistant CD44. The CHA-CUR nano-gel shows 
excellent solubility and stable release of the drug in physiological conditions. 
CHA-CUR nano-gel with suppressing the expression of NF-kB, TNF-α and 
ah COX-2 dough, similar to free curcumin, induces apoptosis in cancerous 
cells. CHA-CUR effectively inhibited tumor growth in the adenocarcinoma 
of the human pancreas MiaPaCa-2 and the anthropogenic invasive animal 
models of 4T1 mouse breast cancer (166).

DISCUSSION AND CONCLUSION

Curcumin is an inexpensive polyphenolic compound extracted from 
curcuma longa, which is widely available, non-toxic, with pharmaceutical 
opportunities. Some in vitro and in vivo conditions and clinical trials have 
provided evidence for the active role of curcumin in preventing and treating 
various human diseases, including cancer. At the molecular level, multiple 
paths of curcumin targets have highlighted its ability in controlling cancer at 
various levels, and so potentially have bypassed the development of resistance. 
However, there is little information available to explain the underlying 
mechanism of curcumin activity. Clinical trials show safety, tolerance, non-
toxicity (even up to 8000 mg/day), and the effectiveness of curcumin. These 
studies provide a solid base for well-controlled studies in larger groups as 
well as open up ways for future drug development. Nevertheless, curcumin 
activity is limited due to its poor bioavailability and some complications. 
The development of curcumin formulations in the form of nanoparticles, 
liposomes, micelles or phospholipid complexes to enhance bioavailability 
and its efficacy is still in its infancy. Most of these studies have only been 
conducted in pre-clinical animal models, so a major disadvantage is the lack 
of understanding of the dangers of curcumin nanoparticles in humans. 
Thus, testing these formulations as therapeutic approaches is highly desirable 
and it is very important for future clinical trials and their use in humans. 
However, curcumin has proven itself as a safe and promising molecule for 
not only cancer prevention, but also inflammation-controlled diseases.
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