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Abstract:

Cancer is one of the leading deaths causing health problem in the modern era. We have
developed different advanced techniques but the mortality rates are still high. So, we have to
develop a more efficient and less toxic methods for the treatment of different types of Cancers.
Curcumin is known for its antibacterial, antioxidant, anti-inflammatory and anti-cancer
properties. This review gives us the information about Medicinal Chemistry and pharmacology
of curcumin derivatives works as an anticancer agent, their mode of action and celluar targets
on the basis of literature, scientific, experimental data and clinical research of curcumin in
cancer cell lines, humans project, and animal models. In addition, we can include how
curcumin is delivered into the cancer cells through advanvced techniques that we can use in
drug delivery.

Abbreviations used:

COX-2: Cyclooxygenase 2

DMC: Demethoxycurcumin

NF-kB: Nuclear factor kappa B

BDMC: bis-demethoxycurcumin

LPPC: Liposomal complexes of curcumin
DOPC: dioleoyl-sn-glycro-3-phosphocholine
DLPC: 1,2-Dilauroyl-sn-glycro-3-phosphocholine
SLOX: 5-Lipoxygenase

MMP: Metalloproteinase

BAX: Bcl-2-associated protein x
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1. Introduction

In the current period, cancer is one of the main health issues that cause deaths. Even with the
development of several cutting-edge procedures, the death rates remain high. Therefore, we
need to create less harmful and more effective ways to treat the many kinds of cancer.
Antibacterial, anti-inflammatory, antioxidant, and anti-cancer activities are well-known
benefits of curcumin. Based on published literature, scientific research, experimental data, and
clinical studies on curcumin in cancer cell lines, human subjects, and animal models, this
review provides us with information about the medicinal chemistry and pharmacology of
curcumin.

Cancer is merely an unchecked cell development that invades other organs and results in an
individual's death. In the USA alone, 1.95 million new instances of cancer were reported in
2023, resulting in 609,824 cancer-related deaths [1]. Although there has been significant
progress in cancer therapy, the death rate and reported incidence of the disease have not
changed [2]. Understanding the molecular changes that cause cancer to form and spread can
help with cancer treatment and prevention. It is possible to target specific cancer cells to prevent
tumour growth, metastasis, and progression utilising a number of widely used methods without
suffering from serious adverse effects [3]. One of the phenol-based components known as 1,7-
Bis (4-hydroxy-3-methoxyphenyl)-1,6-heptadiene 3,5-dione is extracted from the rhizome of
Curcuma longa. Curcumin is a chemical with a yellow colour and several of biological
characteristics, such as anti-inflammatory, anti-cancer, neuroprotective, and antioxidant
actions. Additionally, curcumin has been shown to be helpful in treating a variety of illnesses,
including cancer, pancreatitis, arthritis, psoriasis, and cardiovascular disease. Curcumin
exhibits both therapeutic and preventative benefits on cancers such as brain tumours,
glioblastoma, lung cancer, and prostate cancer [5—17]. The main purpose of curcumin is to
target stem cells, a subset of cells that are resistant to chemotherapy and can lead to the
recurrence of cancer. According to a number of studies, curcumin, when used as an aiding
therapy, can sensitise cancer cells and lessen the severe side effects of radiation and
chemotherapy [14-17].

Curcumin suppresses several cellular system pathways to cause programmed cell death and to
slow down the growth and invasion of tumours. By focusing on many cell lines, curcumin
exhibits anti-cancerous properties against various cancers, including brain tumours and lung,
prostate, and breast cancers [19]. Curcumin has a number of benefits, however its restricted
solubility in water leads to poor oral bioavailability, and it also has a lower chemical stability
[20]. Due to its hydrophobicity and limited cellular absorption, curcumin can pass through cell
membranes and form hydrophobic interactions and hydrogen bonds with fatty acyl chains,
which reduces the amount of curcumin that is available inside the protoplasm [21, 22].
Curcumin's structure is altered in multiple ways to boost its anti-cancer effects overall and to
raise its bioavailability and specific cancer-fighting capabilities. To improve the overall anti-
cancer properties of curcumin its structure undergoes several modifications to increase its
properties towards specific cancer and its bioavailability and stability also enhanced. Mervia,
is a clinically enhanced form of curcumin that shows higher absorption when compared with
regular curcumin [4,23]. Phospholipid is type of fat when attached with curcumin increases its
absorption and increases its bioavailability in cytoplasm [24].
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Different delivery systems can also be used to increase curcumins anti-cancer activity and its
physiochemical properties [25]. This review highlights the use of curcumin and its derivatives
with different cancer therapies for increasing anti-cancer effects in different cancer cell lines,
human clinical trials, and animal models. Curcumin is beneficial in different type of diseases
but cannot reviewed there as we only reviewed here only anti-cancerous properties of curcumin
[4,26].

Fig : Bisdemethoxyvcurcunmuin

Figure 1. - Isolated extracted substances from the turmeric plant. (A) Curcumin
(diferuloloymethane), (B) demethoxycurcumin and (C) bisdemethyoxycurcumin.

2. Structure Activity Relationship of Curcumin and its Derivatives

Modifications in Curcumins structure alters its pharmacokinetics and physiochemical
properties and also affects the receptor bindings and pharmacological activity of a drug
molecule [4]. By studying the natural and synthetic analogues we can find the essential
molecule which is responsible for the molecule’s biological activity [27]. The structure of
curcumin is shown in Figure 2 A. Curcumin also called (D1 feruloyl methane) is a symmetric
molecule with chemical formula C21H2006 and molecular weight of 368.38g/mol. [28-31,32].
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Curcumin structure contains three chemical entities: two aromatic rings containing ortho-
methoxy phenolic groups which are substituted with methoxyl and hydroxyl and are connected
with seven carbon keto-enol linker [32,33]. Curcumin is derived naturally form curcuma longa
but its analogues are produced by reaction between acetylacetone and aryl-aldehydes. Curcuma
longa is the natural source of curcumin; nevertheless, acetylacetone and aryl-aldehydes react
to make curcumin's derivatives [34]. The Structural activity relationship (SAR) research of
curcumin demonstrates that the anti-androgenic action for the treatment of prostate cancer
requires the presence of (B-diketone) moiety and coplanar hydrogen doner group [34].
Dimethyl curcumin, having the chemical formula C23H2406 and a molecular weight of 396.4
g/mol, is a derivative of curcumin. It is a novel anti-androgen that promotes the breakdown of
androgen receptors [35,36]. Dimethyl curcumin also shows a noteworthy antiproliferative
impacts on breast cancer cells that are dependent on estrogen [37].

(A)

CHs O OH CHs
@) N 7 O

HO OH

Figure 2. (A) Curcumin's Biochemical Structure (B) The Major pharmacophores and
potential alteration sites.
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Additionally, research on the kinetic stability of synthetic curcumin derivatives have shown
that the compounds water solubility is increased by glycosylation of the aromatic ring
pharmacophore, which improves the compounds kinetic stability and improves the therapeutic
response overall [38]. Phase I and phase II metabolism involve oxidation, reduction, and
conjugation events to change curcumin into a more excretable form. The hydroxyl groups (4-
OH) that are connected to curcumin phenyl rings are the site of conjugation process. Therefore,
hiding the 4-OH groups can improve the kinetic stability of curcumin [39]. Cu2+/Ni2+/Zn2+
metal ions have been used to create metallo-curcumin-conjugated DNA complexes, which
increase curcumin solubility and strengthen DNA binding capacity [40]. Cu2+, Fe2+, and Pb2+
metal complexes increase the chelating activity of derivatives of curcumin. Significant toxicity
to many prostate cancer cell lines is seen in these metallo-curcumin complexes, along with
improved antibacterial action [40]. Curcumin root's unsaturated diketone group is a phase 1l
enzyme inducer and a Micheal reaction accepter, which may be in charge of suppressing NF-
kB in cancer cells [4]. Nonetheless, a study examining seventy-two distinct curcumin
derivatives failed to discover a connection between antioxidant activity and the NF-kb
mediated prevention of tumour growth [41]. The naturally occurring chemicals
demethoxycurcumin (DMC) and bis-demethoxycurcumin (BDMC) have enhanced anti-cancer
effects in-vitro [42] and are distinct from curcumin in terms of quantity and location of hydroxy
and methoxy substitutions [43]. Curcumins methoxy and hydroxyl groups are essential in
determining a range of biological actions [44,45]. Curcumin capacity to scavenge radicals is
increased when phenolic groups are present, hence augmenting its antioxidant action [46].
There are two distinct forms of hydroxyl groups found in curcumin: the phenolic moiety and
enolic moiety respectively[44,47]. Enolic portion exhibits stronger anticancer characteristics,
and the presence of hydroxyl groups boosts the molecules anti-oxidant properties while also
strengthening its ability to form hydrogen bonds, which increase the molecules hydrophilicity
[48,49,50]. Curcumin-phenoxyl radicals, which are less reactive and more stable than the
original free forms, are created when curcumin reacts with reactive oxygen species (ROSSs)
[51]. Boron trioxide mediated aldol condensation is the process used to create derivatives of
cyclic curcumin, and it is crucial for enhancing the compound’s cytostatic, anticancer, and
antioxidant properties [52]. Hydrazinocurcumin is made by substituting the diketone moiety
with a hydrazine derivative. It is more effective at inhibing the progression of colon cancer by
opposing the action of Ca2+/CaMe [53,54].
Table 1. Alterations in the pharmacological activity of metabolites of curcumin in
relation to curcumin

http://ymerdigital.com

Curcumin Derivative | Chemical Modification Activities Shown References
Dimethyl Curcumin Substitution of methyl Increased action against
(C23H2406) groups on R2 and R4 breast and prostate [37,55,56,68]
(ASC-J9) cancer
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Curcumin carbocyclic

A carboxyl group is

increased antioxidant capacity

analogues added to the diketone and more potent HIV 1 [57,68]
moiety protease inhibition
Tetrahydrocurcumin Moiety of hydrogenated | Increased antioxidant capacity
(C21H2406) diketones but diminished DNA binding [58,59,68]
(THC) and STAT3 inhibitory qualities
Vanadium, gallium, and | B-Diketones mediate
Indium complexes metal complexation Higher levels of cytotoxicity [60,68]
Modified aromatic rings Cyclohexane bridge Enhanced permeability of the
curcumin compounds introduction mitochondrial membrane [61,68]
during cancer treatment
Metallo-curcumin B-Diketones mediate Better DNA binding and
(Cu2+/Ni2+/Zn2+) metal complexation increased solubility in water [40,68]
Glycosylated curcumin | Substitution of glycol Increased strength, water
derivative groups on aromatic solubility, and chelating [62,68]
rings characteristics
Cu2+ conjugate of Conjugation reaction on Greater resistance against
synthetic curcumin the keto-enol moiety | TNF-induced NF-«kB activation [63,68]
analogues in leukemic KBM-5 cells
Cyclic curcumin Aldol condensation Increased antioxidant,
derivatives mediated by boron cytostatic, and anticancer [64,68]
trioxide activities
Hydrazinocurcumin substituting a hydrazine Increased effectiveness in
(C21H20N204) derivative for the preventing the spread of colon [66,65,68,]
diketone moiety cancer by antagonistic action
on Ca2+/CaM functions
Semicarbazone NNHCONH?2 is increased activity against
introduced at the radicals, proliferators, and [67,68]
keto-enol moiety antioxidants
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3. Curcumin Administration Protocol

Curcumin has been termed “pharmacodynamically fierce” due to its wide range of biochemical
actions and consequences in various disorders. Conversely considering its rapid clearance, low
bioavailability, and poor absorption its pharmacokinetic profile has been categorized as
“fragile” [51,69]. To boost curcumin’s bioavailability, various strategies have been employed,
including creation of structural analogues of curcumin and combining curcumin with adjuvant
substances. Additionally advanced drug delivery system include of liposomal curcumin,
cyclodextrin complexes, peptide and protein formulations, nanoparticles, nanospheres, and
cell derived nanovesicles [70].

Metallic
nanoparticles

Liposomes

Polymeric
~ nanoparticles
Surface 3 4 v ” b ,,;/
hydrophobicity i
+ + - M Polymeric coating

Surface charge (i.e, NH2,COOH, OCH3)

Figure 3. Examples of contemporary techniques to construct nanoparticles that
facilitate targeting.

3.1 Nanoparticles

The uptake of lipophilic drugs has been greatly improved by the introduction of novel drug
delivery methods. Many nano-particulate drug delivery technologies have made it possible for
formulation professionals to prepare and administer curcumin and other hydrophobic drugs,
which was previously unfeasible [71]. Nanoparticles administration methods can raise the
therapeutic index of encapsulated medications so these methods gain enormous popularity in
the last ten years. This can be accomplished by limiting the enzymatic breakdown of
medications [72], modifying their pharmacokinetics [73], reducing their toxicity [74], or
allowing for a controlled release over an extended period of time [75]. Nanoparticle delivery
systems can contain pharmaceuticals that are conjugated, disseminated, adsorbed, or
encapsulated with particle size ranging from 1-100 nm [76].
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Curcumin can be formulated as PLGA and PEG NPs for parenteral administration utilizing
the nano-precipitation process which can increase the curcumins biological half life and
improves its suppression of TNF-induced NFKB activation in comparison to its free form [77].

3.2 Liposomes

The aqueous interior of spherical bilayer vesicles known as liposome is created when
cholesterol molecules and amphiphilic phospholipids self-associate. Three types of liposomes
exist: large unilemellar, fragile unilemellar, and multilamellar. Alternatively they can be
categorized into traditional liposomes, pH sensitive liposomes, cationic, immune, and long
circulating liposomes based on mechanism underlying drug releaseThe solubility of
chemopreventives that are weakly soluble in water can be considerabaly increased by the lipid
based particle carriers [78].

L-glutamic acid, N-(3-carboxyl-1-oxopropyl)-, 1,5-dihexadecyl ester, and 1,2-dimyristoyl-sn-
glycro-3-phosphocholine (DMPC)have been used to successfully create lipid based curcumin
nanoparticles [79]. Another finding is that curcumin plasma can be increased by using
eggphosphatidylcholine (EPC) liposomes [80,81].

Polyethylenimine (PEI) and polyethylene glycol (PEG) containing polycationic liposome
complexes of curcumin (LPPC) was assessed by Lin et al. [82] . Using 1,2-dioleoyl-sn-glycero-
3-phosphocholine (DOPC) and 1,2-Dilauroyl-sn-glycro-3-phosphocholine (DLPC), LPPC
were produced. The cytotoxic activity of curcumin/LPPC was seen to be 3.9 to 20 times higher
than that of nonencapsulated curcumin in a range of cancer cell lines, including curcumin
sensitive and resistant cells. By enabling a quick distribution of the medication into the cells,
curcumin/LPPC liposomes were also able to stop the cell cycle at the G2/M phase and cause
apoptosis at a lower dose than noncapsulated curcumin. Curcumin/LPPC liposomes also
significantly inhibited the growth of tumours in vivo, possibly as a result of the drug’s increased
delivery and accumulation in tumour area [82].

3.3 Polymer Based Hydrogels

Polymers have abundant OH groups in their structure including poly(vinyl alcohol) so they
have demonstrated appropriate film forming characterstics [83]. EI-Nashar et al.'s work suggest
that a composite film consisting of poly(vinyl alcohol) and curcumin may be used to treat liver
cancer [84]. A promising delivery method for the treatment of liver and breast malignancies is
the curcumin-loaded film. The goal was accomplished by incfresing the efficiency of loaded
curcumin through a sustained release profile and enhancing encapsulation efficiency with the
help of cellulose nanocrystals. Curcumin reduced fast metabolism and blood clearence and
exhibited an extended-release profile that enhanced bioavailability [85]. A surfactant
containing water soluble formulations called polyethylene glycol d-a-tocopheryl succinate
1000 (TPGS) is made from vitamin E. In agueous solution this substance can produce micellar
NPs [86]. The HT-29 colon cancer cells underwent apoptosis and the concentration of reactive
oxygen species was significantely reduced in vitro when curcumin was delivered by this
method, albeit at a sluggish release. Moreover, as compare to free curcumin, it appears that the
oral curcumin formulations made via TPGS has a higher bioavailabilty [87].
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Implementation of injectable thixotropic hydrogels derived from silk fibrion/hydroxyl propyl
cellulose is a promising new strategy for combting the hydrophilic nature of curcumin.
Comparing the long term sustained anticancer effects to the free drug or single drug loaded
hydrogels formulations, in vitro and in vivo drug release and cytotoxicity experiment shown
[86]. Drug delivery methods utilizing polymeric micelles are frequently employed to address
the limited solubility of hydrophobic medicines [88].

Glycyrrhetinic acid was utilized to create supramolecular curcumin pro-gelator (Ga-Cur),
which is curcumin delivery strategy targeted for the functioning of liver [89]. Through ester
bond hydrolysis, the targeted delivery system achieved continues drug release from the
formulations. GA-Cur is a potentially effective targeted method for curcumin administration
to the liver [90].

3.4 Cyclodextrin complexes

Cyclodextrins are water loving oligosaccharides that have a lipophilic core cavity and a
hydrophilic outside [91]. Covalent interaction of lipophilic drug moieties within the lipophilic
cavity of cyclodextrin result in the formation of drug-cyclodextrin inclusion complexes [91].
The solubilizing action of CD molecule is provided by its polar outer surface, while the
lipophilic cavity shields the lipophilic guest molecule from the aqueous environment [91]. The
polarity within the hollow is hypothesized to be comparable to that to that of an ethanol 40%
solution in water [91,92]. Curcumin was found to form 1:1 inclusion complexes in the solution
state, generating an AL type of phase solubility graphs with BCD, yCD, MBCD, and HPBCD
[91]. Curcumin solubility was enhanced by CD in the following order:
HPBCD>MBCD>yCD>BCD [91]. Bulky side groups on the phenyl moiety of the curcumin
molecule appeared to fit better into the HPBCD cavity than the MBCD cavities, leading to a
considerable increase in solubility when compared to the pure substance.

The synthesis of [-CD-curcumin inclusion complexes and their incorporation within
liposomes was reported by Rahman et al. [93]. Experimental lung and colon cancer cell lines
were used to analyze the in vitro cytotoxicity of the complexes. According to Maestrelli et al.,
liposomes were created utilizing the film hydration approach, which can entrap hydrophobic
as well as BCD complexed hydrophobic molecules [94].

In both colon cancer and lung cancer cell lines studied, all formulations, including liposomal
curcumin and liposomal B-CD-curcumin complexes, maintained their anti-cancer efficiency
and had comparatively low median effective dose (EC50) values. Using curcumin entrapped
liposomes, 1.9 uM for curcumin, 2.95 uM for BCD-C complexes, and 3.25 uM for liposomes
containing BCD-curcumin were determined to be the formulations EC50 in colon cancer
(Figure 3A) [93]. The same trend was absorbed in EC50 values for the formulation of lung
cancer cells: 0.90 uM for curcumin entrapped liposomes, 1.5 pM for curcumin, 2.4 uM for f3-
CD-curcumin, and 2.9 uM for liposome containing $-CD-curcumin (Figure 3B) [93].
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Figure 4: Cytotoxicity of curcumin formulations in SW-620 colon cancer cells (A) and
A-549 lung cancer cells (B) Bars indicate SEM of three replicates [93,95]

4. Anticancer Activity of Curcumin

The onset of cancer is greatly impacted by generation of free radicals and oxidative damage,
especially when it comes to destruction of DNA and peroxidation of lipids. Curcumin ability
to scavenge free radicals may help prevent malignancy [96,97,98]. Moreover it inhibits the
activation of the STAT-3 pathway, NF-kB, and signal transducer, postponing the initial stages
of cancer [97,99]. Angiogenesis and tumour formation are two main processes that curcumin
inhibits to prevent carcinogenesis, according to research conducted both in vitro and in vivo
[100]. Several associated pathways are used by curcuminoids and turmeric to affect tumour

angiogenesis [101]: i) Attenuation of
cell lines and prevention of VEGF

IL-8 expression in pancreatic and head and neck cancer
synthesis induction through procedure at the level of

transcription factors NF-kB, AP-1 (associated with inflammatory process), and early growth

response protein 1; ii) suppression of

angiogenesis caused by NO and iNOS; iii) inhibition of

COX-2 and 5LOX; iv) action at the level of extracellular matrix’s stability and coherence,

which induces the elevated levels of

tissue inhibitor of metalloproteinase-1 and reduction of

MMP-2 and MMP-9. Turmeric also prevents the release of angiogenic factors that are kept in

the extracellular matrix [101].
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Leukemia, melanoma, and carcinomas of the breast, lung, colon, kidney, ovary, and liver are
among the animal and human cell lines in which curcumin causes cell death [102]. Turmeric
in varying doses, may also influence the kind of cell death. More intense doses result in
decreased formation of reactive oxygen species, decreased ATP, and premature cell death,
whereas lower amount cause oxidative stress and apoptosis [103]. It also seems that curcumin
can induce cell death in a number of apoptosis resistant cell lines. This could be because
curcumin triggers cell death processes aside from apoptosis, such as mitotic catastrophe, which
is defined by abnormal mitosis and the development of multinucleated and large cells [104].

Colorectal cancer

Breast cancer

%0

NS ~
Glioblastoma <:| O O I:>
- HO OH Prostate cancer
OCH,

AP "o N
! y

Cervical cancer Melanoma

Figure 5. Descriptions of tumours that curcumin may be capable to alleviate and prevent.

4.1 prostate cancer

In western countries, prostate cancer ranks second among cancer related deaths among males
[105]. Mostly, androgen receptor (AR) dependent signelling is responsible for the disease’s
start and development [106]. Prostate cancer was responsible for 378,000 deaths and 1,29,8000
new cases worldwide. Prostate cancer risk factors include weight, family history, age, and
ancestry [107]. Currently, prostate cancer can be treated with surgery, radiation, chemotherapy,
and hormone therapy. Numerous investigation have been conducted to assess curcumin’s
anticancer properties on both androgen sensitive and androgen resistant prostate cancer cell
lines [108]. Curcumin can lower the development rate to 20-30% when compared to untreated
LNCaP cells (acell line that is sensatiuve to androgen). This was reported by T Doroi et al. in
2000 [109]. Additionally, they observed that BAX protein levels remain constant under the
same circumstances, but that the antiapoptotic proteins BcL-XL BcL-2 were markedly
decreased [109]. Curcumin may reduce NF-kB activation in prostate cancer cells, leading to
tumour necrosis factor (TNF)-induced apoptosis, according to Asok Mukhopadhyay et al.
[110].
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Curcumin similarly impects numerous other proteins and pathways, including c-jun/activator
protein 1, cyclin D1, CDK-4, phosphatidylinositol 3-kinase (PI3K)/mechanistic target of
rapamycin (mTOR)/E-twenty six proto-oncogene 2 (EST2) pathway to decrease cell cell
growth and proliferation in androgen sensitive prostate cancer cell lines [111,112,113].
Curcumin has also been demonstrated in studies to have anticancer effects on androgen
insensitive prostate cancer cell lines. A typical androgen insensitive prostate cancer cell line is
DU-145. When treated with curcumin, DU-145 prostate cancer cells had decreased NF-kB
expression along with decreased growth and higher apoptosis [110]. Many scientific research
works have explained the effects of curcumin therapy in vivo on mice that were xenografted
with different types of human prostate cancer cells. On athymic naked mice injected with
LNCap cells, Thambi Dorai et al. (2001) investigated the effects of curcumin. Enhanced
pycnotic brown staining nuclei in situ, which indicated a considerable increase in apoptosis
and a decrease in LNCap cell growth [114].

4.2 Colorectal Cancer

Men and women are equally impacted by colorectal cancer, which is one of the most common
cancers. Patient hardly recovered from its malignent features, and relapse is frequent. Curcumin
demonstrated its therapeutic activity in colorectal cancer by competing with multiple cell
signelling pathways. Curcumin suppressed the growth of in vitro cultured HT 29 cell line and
rat colorectal carcinogenesis induced by DMH (1,2-Dimethylhydrazine) via decreasing the
PPARYy signel transduction pathway [143]. Likewise curcumin inhibit the production of p53,
pre-mRNA processing factor 4B (Prp4B), and cyclooxygenase-2 (COX-2) [144,145]. The
suppression of NF-kB, urokinase-type plasminogen activator (UPA) activator, and matrix
metalloproteinase-9 (MMP9) by AMPK has been reported to be the mechanism by which
curcumin reduces colorectal cancer colonization [146].

Curcumin markedly reduced the development of human colon cancer cells. More-over it
induced apoptosis via enroute mediated by mitochondria. In LoVo cells, curcumin produced
the release of cytochrome C, markedly raised Bax and p53, and dramatically decreased Bcl-2
and surviving [147]. Curcumin increased the splitting of hexokinase Il (HKII) from
mitochondria, leading to mitochondrial mediated apoptosis, and diminished HKII expression
and activity in humen colorectal cancer HCT116 and HT29 cells in a concentration dependent
manner [148].

Furthermore, curcumin inhibit the WNT/catechin pathway in colon cancer cells SW480 by
lowering the amount of miR-130a. This allowed curcumin to carry out its antitumour effects
by preventing cells from proliferation as apposed to encouraging cell death [149]. Additionally,
curcumin inhibit colon cancer cell proliferation and induced apoptosis by targeting the miR-
491/PEG10 pathway [150].

4.3 Breast cancer

Breast cancer is one of the most common causing cancer in the world in women. Its rapidly
spreading across all over the world at exponential rate. It is one of the life- threatening disease
with higher mortality rate. About 70% of breast cancers are classified as estrogen receptor (ER)
positive and could be treated with antiestrogens [151,152]. Breast cancers are mostly caused
due to abnormal growth of breast cells which grows out of control at a rapid rate and generally
forms tumours.
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If it remains unchecked for sometimes, it starts affecting other part of body and generally
becomes fatal if left untreated for longer duration and becomes fatal. Symptoms in breast
cancer includes — a lump on breast or thickened area at some part of breast muscles that
generally feels different from surrounding region or tissues, changes in colour of breast skin,
change in shape size or appearance of breast, nipple or areola that is turned inwards, etc. These
symptoms are significant part for developing breast cancer and should get medical attention as
soon as possible. Drug combinations targeting different pathology signaling pathways have
been considered as a major trend in drug design and discovery for killing endocrine-resistant
breast cancer cells [153]. Curcumin has lots of medicinal properties and is one of the promising
active ingredient for treatment of breast cancer. Particularly, curcumin has been recognized as
an effective anticancer agent that regulates multiple intracellular signaling pathways, including
transcription factors (e.g., STAT3, NF-kB, and AP-1), receptors (e.g., IL-8, HER2, and
CXCR4), kinases (e.g., EGFR, ERK, and JAK), cytokines (e.g., TNF, IL, and MIP), enzymes
(e.g., MMP, iNOS, and GST), and growth factors (e.g., EGF, NGF, and HGF) [154]. Curcumin
possesses the property to inhibit the proliferation of various tumour cells in humans. In breast
cancer cells, the survival signaling molecules, such as NF-kB, play a pivotal role in cell
proliferation [155] . Liu et al. reported that curcumin was able to inhibit NF-kB expression and
toggled many downstream signaling pathways, which silenced inflammatory cytokines, such
as CXCL1 and CXCL2, and mediated the expression of matrix metalloproteinase 9 (MMP-9),
urokinase plasminogen activator (uPA), uPA receptor (uPAR), intercellular adhesion molecule
1 (ICAM-1), and chemokine receptor 4 (CXCR4) [156,157]. Apoptosis is the term related to
cancer of the process of programmed cell death. It is one of the method of the body to get rid
of unwanted or abnormal cells. In breast cancer cell lines, curcumin is able to induce apoptosis
by transfection of IGFBP-3 resulting in a higher of Bcl-2 family members. Curcumin also
induced apoptosis in MCF-7 cells via a p53 dependent pathway [158].

4.4 Lung cancer

Lung cancer is one of the most common causing cancers that is spread globally affecting
people’s life. It is generally caused by uncontrolled growth of cell or rapid cell division in
lungs. The genetic damage to the DNA of the cells lining the airways that results from smoking
cigarettes or breathing harmful substances is what causes lung cancer. Tumour growth results
from damaged airway cells' unregulated ability to reproduce. Tumour spread throughout the
lung and impair lung function if left untreated. Lung tumours eventually metastasis, or spread
to other bodily regions. Early lung cancer has no symptoms at all, they are very hard to detect
and can only be detected by medical imaging technology. Lung cancer is divided into small
cell lung cancer (SCLC) and Non-small cell lung cancer (NSCLC). Often, plant derived
compound such as Curcumin are known to have curative property for lung cancer. Curcumin
(diferuloylmethane), an active component of the spice turmeric, is able to suppress cancer cell
proliferation, invasion, angiogenesis, and metastasis [159] through a diversity of signalling
pathways involving nuclear factor-«B, IkBa kinase, Akt, activator protein (AP-1), mitogen-
activated protein kinase, cyclooxygenase-2 (COX-2), lipoxygenase, inducible nitric-oxide
synthase, urinary plasminogen activator, tumour necrosis factor, chemokines, cell surface
adhesion molecules, cyclin D1, and others [160,161].
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Interestingly, one of the target genes is a heat shock protein (HSP), HLJ1, also known as
DNAJB4, which was recently cloned and classified as a member of the HSP40 family [162].
HSPs are believed to function as chaperones (a functionally related group of proteins assisting
protein folding in the cell under physiological conditions) for molecule. Some HSPs have
recently been discovered to be linked to the advancement of several human malignancies and
may influence the growth, differentiation, metastasis, and death of cancer cells [163,164].
Longer overall survival for patients with non-small cell lung cancer (NSCLC) and lower cancer
reoccurrence are linked to high expression of HLJI in tumour specimens [165]. According to
these findings, curcumin prevents the invasion and metastasis of lung cancer cells by modifying
by expression of E-cadherin and transcriptionally controlling the expression of HLJ1 via the
JNK/JunD pathway.

4.5 Curcumin for other cancers

It has been found that curcumin exhibits pharmacological efficiency against a variety of
different cancer types, including liver, colorectal, stomach, and osteosarcoma. Curcumin,
oxaliplatin, and 5-fluorouracil together had a potent inhibitory impact in xenograft gastric
tumour (BGC-823 cancer cells) by downregulating Bcl-2 and cleaving caspase-3 and PARP
through upregulating BAX, according to Xiang Zhou et al. [115]. Curcumin has been shown
to have a dose dependent chemopreventive effect in HCT-116 and LoVo cells, which are
human colon cancer cell lines. This effect may be attribute to either the activation of caspase-
3 and caspase-9 or the inhibition of NF-kB [116]. Curcumin has been shown to have an
antiproliferative effect on liver cancer by Bigiong Ren et al. They also found that curcumin
works by inhibiting the heat shock protein 70 toll like receptor 4 (HSP70-TLR4) signelling
pathway [117]. Fibrosarcoma is an uncommon malignant tumour of the fibrous connective
tissue around the bones that has been shown to be resistant to curcumins antiproliferative
action. Curcumin the ability to suppress the expression of cytokine genes in periodontal
diseased tissue, according to MR Guimaraes et al. They found that p38 MAPK was not
inhibited by curcumin, but that L-6 and IL-11 were inactivated in a dose dependent manner
[118]. The main chemicals and cell signaling pathways that curcumin affects in different cancer
types are given in table 2.

Table 2: Curcumin's impacts on key cell signalling pathways and chemicals in different
forms of cancer

Nucleus kappa B, or NF-kB; EGFR: epidermal growth factor receptor; p53: tumor protein P53;
KRAS: Kirsten rat sarcoma viral oncogene homolog; EGFR-TK: epidermal growth factor
receptor-tyrosine kinase; PI3K/Akt/mTOR: phosphatidylinositol 3-kinase/serine/threonine-
protein kinase/mammalian target of the rapamycin;; and JAK/STAT: Janus kinase and signal
transducer and activator of transcription; COX-2: cyclooxygenase-2; JNK/ERK/AP1: c-Jun
NH2-terminal kinase/extracellular signal-regulated kinase/activator protein 1; MAPKKK1-
JNK: mitogen-activated protein kinase kinase 1-c-Jun NH(2)-terminal kinase; Bcl-2: B-cell
lymphoma-2; p38 MAPK: mitogen-activated protein kinases; PISK/MTOR/ETS2:
phosphatidylinositol 3-kinase/mechanistic target of rapamycin/E-twenty six proto-oncogene 2;
HSP70-TLR4: heat shock protein 70-toll like receptor 4; IL-6: interleukin 6; 1L-11: interleukin
11
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Principal cell signaling
Cancer types pathways and compounds Reference
impected by curcumin

Breast cancer p53, HER2-TK, NF-kB, [119,120,121,122,123]
EGFR, and ERK1/2

Lung cancer EGFR-TK, NF-kB, KRAS,
PI3K/Akt/mTOR, [124,125,126,127,128]
JAK/STAT, and COX-2

Haematological cancer JNK/ERK/AP1, JAK/STAT,
Bcl-2, MAPKKK1-JINK, [129,130,131,132]
NF-kB, and p38-MAPK

Prostate Cancer NF-kB, PIBK/mTOR/ETS2,
cyclin D1, CDK-4, c- [133,134,135.136]
Jun/activator protein 1 (AP-
1)

Osteosarcoma Bcl-2 and Caspace-3 [137,138]

Gastric, Colon, Liver Cancer | PARP, IL-6, IL-11, Bcl-2,
and Sarcoma NF-kB, Caspase-9, HSP70- [139,140,141,142]
TLR4, and Caspase-3

CONCLUSION

This paper demonstrates the use of curcumin and its derivatives as an anticancer agent. Over
the past several decades, a great deal of research conducted on curcumin, the active component
of curcuma longa extract, to examine its potential as an anti-inflammatory, antioxidant,
anticancer, antiandrogenic agent. Curcumin has demonstrated significant anticancer effects
against different types of cancers both in-vivo and invitro. These cancer types include prostate
cancer, lung cancer, liver cancer, colorectal cancer, and head and neck cancer. Curcumin is a
known cancer therapeutic medication that impacts several targets at different phases of the
disease, such as angiogenesis, proliferation, metastasis, and apoptosis. A through investigation
has been conducted into curcumin’s molecular mode of action. It accomplishing this by causing
and inhibiting synthesis of certain growth factors like enzymes and cytokines, as well as
interfering with a number of cells signalling pathways. Several structural modifications and
different drug delivery systems are used to increase bioavailability, potency, solubility and anti-
cancerous properties of curcumin.

VOLUME 23 : ISSUE 07 (July) - 2024 Page No:526



YMER || ISSN : 0044-0477 http://ymerdigital.com

But most of these formulations are at the proof of principal level, and more clinical trials are
needed to confirm the effect of curcumin as an anticancer agent. Furthermore, the majority of
curcumin drug delivery methods that are currently under development lack target tissue
selectivity. Therefore, in terms of selectivity for particular tumour tissue, there is still
tremendous space for advancement in curcumin delivery system. Higher efficiency (at lower
doses of curcumin) and fewer side effects are the outcomes of tissue-specific curcumin
administration, which increase local drug concentration at the site of action. However, more
research is required to better understand curcumin’s pharmacokinetics, improve its distribution
to target tissue, increase its bioavailability, and assess its mechanical properties.
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