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ABSTRACT

The natural product curcumin is a polyphenolic compound extracted from the rhizome of Curcuma
longa L. Curcumin is the principle curcuminoid present in turmeric, responsible for its bright
yellow color. Curcumin is a nature’s gift to mankind which has broad range of therapeutic,
diagnostic and prophylactic potential. In addition to its use as a spice, flavoring and coloring agent
in food, turmeric has been used in India for medicinal values for centuries. In Ayurveda, use of
curcumin is well documented for the treatment of various ailments. But the applications of
curcumin are curtailed by its low solubility, stability, bioavailability, rapid metabolism and short
half life. This weapon can be sharpened and re explored as new age one key answer to many
ailments and disorders by using it in the form of liposomal, nanoparticulate, microparticulate drug
delivery and also by complexing it with metal ions, polymers, cyclodextrine and other carriers.
Curcumin has ability to bind with various transition and earth metal ions to form stable complex.
Complexation of curcumin with transition metals is one of the useful ways to overcome the
problem related to solubility, stability and bioavailability. From several recent studies, it was
observed that curcumin metallocomplexes shows greater therapeutic effects than curcumin alone.
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INTRODUCTION

Curcumin is a diarylheptanoid and principal curcuminoid of turmeric Curcuma longa L (Figure 1).
In India, it is commonly used as a spice to add color and flavor to the food. In Ayurveda, use of
curcumin is well documented for the treatment of various ailments. Recent clinical studies
provided scientific evidence for its prophylactic and therapeutic potential. Epidemiological
observations are suggestive that turmeric consumption may reduce the risk of some form of
cancers and render other protective biological effects in humans. These biological effects of
turmeric have been attributed to its constituent curcumin that has been widely studied for its anti-
inflammatory, anti-ulcer, anti-oxidant, wound healing, antimalarial and anti-cancer effects. As a
result of extensive epidemiological, clinical, and animal studies several molecular mechanisms are

emerging that elucidate multiple biological effects of curcumin.

Figure 1: Rhizomes of C. longa
In Turmeric, Curcuminoids are the principal coloring agent (6%) of which curcumin amounts 60%,
with demethoxycurcumin, bis- demethoxycurcumin forming the rest. Curcumin can exist in several
tautomeric forms, including a 1, 3-diketo form and two equivalent enol forms. The enol form is

energetically more stable in the solid phase and in solution.!, 2

HO OH OH
OH

CH, 0 CH;

Hﬂi T
N
o AL
0 V"“‘j_[—"\ﬁf"\_/ s
CH, o o CHy

Enol form of curcumin Keto form of curcumin

Uses of curcumin

Curcumin has wide range of therapeutic and prophylactic activities. Curcumin exerts potent anti-
inflammatory activity by inhibiting different molecules that play role in inflammation. Studies have
proved that curcumin acts as anti ulcer agent. It inhibits growth of Helicobacter pylori, which is
responsible for gastric ulcer and cancer. Curcumin is a potent antioxidant as vitamin C, E and Beta
carotene thereby exerting it anticarcinogenic, liver protective and anti aging effect. Several clinical

studies showed that curcumin inhibits the growth of several types of cancer cells. Curcumin
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helps to prevent atherosclerosis by reducing the formation of bloods clumps and can prevent
myocardial infarct®. Two clinical trials investigating curcumin have concluded that the compound
may be useful in preventing heart failure and effective against a range of diseases, including cancer
and Alzheimer’s disease * °. Curcumin has antimicrobial, antiviral and antifungal actions.
Curcumin can chelate with heavy metals such as cadmium and lead, thereby reducing heavy
metal toxicity. This property of curcumin explains its protective action to the brain. Research
has also confirmed the digestive benefits of turmeric. Turmeric acts as a cholagogue,
stimulating bile production, thus, increasing the bodies, ability to digest fats, improving
digestion and eliminating toxins from the liver®. A recent study has proved that curcumin has
antimalarial activity. Curcumin, in addition to having a direct Killing effect as an antimalarial, is
also able to activate the immune system against Plasmodium berghei. Parasite recrudescence and
relapse is the major problem associated with P. vivax infection. Studies have proved effectiveness
of ARM and curcumin combination to prevent recrudescence and relapse” . Figure 2 illustrate the

therapeutic applications of curcumin.

Lifest Vie
~ Y IC-a /-
‘\QU’ | ! Myocardial infarcton S /atoy
_+ Hoart Silura Dise,
\ ; S

NrYoes L Diabetes malltus
r s

e
: |+ Matabole syndroma
Curcumin

AlZheimer's ditssses ~
- Parkineon's disesse |, P
+  Epllepsy >3

Figure 2: Therapeutic application of curcumin

Structural characteristics of curcumin

Common name of curcumin is diferuloyl methane. It is a symmetric molecule with [JUPAC name
(1E,6E)-1,7-bis(4-hydroxy-3-methoxyphenyl)-1,6-heptadiene-3,5-dione. Its chemical formula is
Ca1H2006, With molecular weight 368.38 and melting point 184°C. It has three chemical entities in
its structure: two aromatic ring systems containing o-methoxy phenolic groups, connected by a
seven carbon linker consisting of an a,B-unsaturated [3-diketone moiety. The diketo group exhibits
keto-enol tautomerism and in the crystal state it exists in a cis-enol configuration. The enol form is
more stable in many non-polar and some moderately polar solvents than the keto form® *°. The
dipole moment of curcumin in the ground state is 10.77 D. It is a hydrophobic molecule with a log

P value of ~3.0. It is almost insoluble in water and readily soluble in polar solvents like DMSO,
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methanol, ethanol, acetonitrile, chloroform, ethyl acetate, etc. It is sparingly soluble in
hydrocarbon solvents like cyclohexane and hexane. The absorption spectrum of curcumin has two
strong absorption bands, one in the visible region with maximum ranging from 410 to 430 nm and
another band in the UV region with maximum at 265 nm region. The molar extinction coefficient
of curcumin in methanol is 55,000 dm®-mol™*.cm™ at 425 nm** 12

Curcumin reactivity and chemical degradation

Curcumin has three reactive functional groups: one diketone moiety, and two phenolic groups. It is
easily degraded in aqueous-organic solutions. It is highly susceptible to pH change. Unlike phenols
the degradation of curcumin is found to be through the o, B-unsaturated B-diketo moiety. In
aqueous systems at alkaline pH, the acidic phenol group in curcumin donates its hydrogen giving
phenolate ion that enables curcumin to dissolve in water. Curcumin chemical degradation results
into several products identified as trans-6(4'-hydroxy-3'-methoxyphenyl)-2, 4-dioxo-5-hexanal,
ferulic aldehyde,ferulic acid, feruloylmethane and vanillin (Figure 3). It is relatively stable below
pH 7.0 but with decreasing the pH values, the dissociation equilibrium shifts towards the neutral
form having low aqueous solubility™ **. The keto form predominates in acidic and neutral aqueous
solutions™. The heptadienone linkage between the two methoxy phenyl rings contains a highly
activated carbon atom, and the C —H bonds on this carbon are very weak due to delocalization of
the unpaired electron on the adjacent oxygens. Hence it acts as an extraordinarily potent H-atom
donor at pH 3-7*°. The enolate form of the heptadienone chain predominates as an electron donor
and the mechanism involved is just like scavenging activity of phenolic antioxidants above pH 8*".
Under acidic conditions, the degradation of curcumin is much slower, with less than 20% of total
curcumin decomposed at 1 h*® . Also Curcumin undergoes much faster degradation when
exposed to sunlight. Photodegradation of curcumin results into colorless products as vanillin,
ferullic acid, and other small phenols. This photodegradation involves formation of the excited
states of curcumin® 2.

Bioavailability and metabolism of Curcumin

Phase I clinical trials have shown that curcumin is safe even at high doses (12 g/day) in humans
but exhibit poor bioavailability. Major reasons contributing to the low plasma and tissue levels of
curcumin appears to be due to poor absorption, rapid metabolism, and rapid systemic elimination.
However, studies over the past three decades related to absorption, distribution, metabolism and
excretion of curcumin have revealed poor absorption and rapid metabolism of curcumin that

severely curtails its bioavailability?.
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Figure 3: Degradation products of curcumin
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Figure 4: Degradation products of curcumin at basic condition.
Metabolism of curcumin
Various studies have evaluated the metabolism of curcumin in rodents and in humans. It was that
absorbed, curcumin is subjected to conjugations like sulfation and glucuronidation at various tissue
sites. Liver is the major organ responsible for metabolism of curcumin 2. It was reported that the
major billiary metabolites of curcumin are glucuronides of tetrahydrocurcumin (THC) and

hexahydrocurcumin (HHC) in rats. A minor biliary metabolite was dihydroferulic acid together
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with traces of ferulic acid. In addition to glucuronides, sulfate conjugates were found in the urine
of curcumin treated rats 2*. Hydrolysis of plasma samples with glucuronidase showed that 99% of
curcumin in plasma was present as glucuronide conjugates. Curcumin—glucuronoside,
dihydrocurcumin—glucuronoside, tetranhydrocurcumin (THC) —glucuronoside, and THC were major

metabolites of curcumin found in vivo study (figure 5)%.
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Figure 5: Metabolites of curcumin
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Relative biological activity is majorly decided by the systemic elimination of the drug in the bodly.
It was reported that when 1 g/kg curcumin was given orally to rats, 75% of it was excreted in the
feces and negligible amounts were found in the urine. A clinical study with 15 patients with oral
curcumin doses between 36 and 180 mg of curcumin daily for up to 4 months found neither
curcumin nor its metabolites in urine, but curcumin was recovered from feces. The absorption and
elimination half-lives of orally administered curcumin (2 g/kg) in rats were reported to be 0.31 +
0.07 and 1.7 +0.5 h, respectively ®°!. In a research study with radiolabeled curcumin, It was shown
that when the drug was administered orally to rats at a dose of 400 mg/rat, nearly 40% of curcumin
in unchanged form was found in the feces. Though no detectable amount of curcumin was found in
urine, some of the derivatives like curcumin glucuronide and sulfates were observed. The major
route of elimination of the radio labeled products was through feces®’.
Approaches to overcome stability and bioavailability problem of curcumin
Several attempts are underway to improve bioavailability of curcumin as enlisted below. These
approaches involve the use of adjuvant like piperine that interferes with glucuronidation.
Nanoparticles, liposomes, micelles, and phospholipid complexes are other promising novel
formulations, which appear to provide longer circulation, better permeability, and resistance to
metabolic processes. Complexation of curcumin with transition metals is one of the useful ways to
overcome the problems related with solubility, stability and bioavailability. Curcumin can chelate
various metal ions to form metallocomplexes of curcumin, which shows greater effects than
curcumin alone?®,

1. Adjuvants- Piperine

Nanoparticles

Liposomes, Micelles and phospholipid complexes

2
3
4.  Derivatives and Analogues (e.g., EF-24)
5.  Complexation of curcumin with transition metals
6. Curcumin-loaded Mesoporous silica nanoparticles
7. Microencapsulation

8. Magnetic nanoparticles of curcumin
Chemistry of curcumin-metal ion interactions
The transition metals are compounds which has an incomplete subshell i.e. Mn[I1], Fe[ll],Fe[lll]
etc and due to their instability in structure it has variable oxidation number as well as unstable
electronic configuration which modulate the variable redox system. Curcumin has keto’enol form

transformation property and utilizing this property in the open chain configuration of enolic form
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metal ion will attach. This gives a structure of chelates where curcumin will act as ligand (figure
6).

Figure 6: (a) Structure of 2:1 curcumin:metal complex; (b) Mixed ligand curcumin:metal
complex.
Curcumin is a monobasic bidentate ligand and forms strong complexes with most of the known
metal ions. The a,B-unsaturated B-diketo moiety of curcumin is an excellent chelating agent.
Typically, it forms stable structures with 2:1 (ligand: metal) stoichiometry. Rarely 3:1 ligand:
metal stoichiometry complexes are observed, e.g., an octahedral complex with Fe3+. The enolic
group is responsible for formation of complex, as the enolic proton is replaced by the metal ion
while o-methoxy phenolic moiety remains intact in the complexes. The metal-oxygen bond is
characterized by IR spectroscopy signals at 455 cm—1 and the carbonyl peaks in the complexes
show a small shift of ~10 cm—1 on coordination to metals. Changes in NMR chemical shifts of
curcumin have also been reported on metal coordination. Several research studies were conducted
on complexes of curcumin with transition metals like Fe3+, Mn2+, Ni2+, Cu2+, Zn2+, Pb2+,
Cd2+, Ru3+ and Re3+. Complexes with non-transition metal ions and rare earth ions like Al3+,
Ga3+, Sm3+, Eu3+, Dy3+, Y3+, Se2+ and metal oxides like VO2+ have also been synthesized.
Stability and reactivity of these metal complexes depend on the nature of the metal ion and
stoichiometry of reaction. For synthesis of stable metal complex (2:1), stoichiometric amounts of
curcumin and metal salts are dissolved in organic solvent and refluxed for few hours. Precipitate
thus obtained is purified by column chromatography or repeated crystallization®® 2.
Application of curcumin metal complexes
i)  Ability of curcumin to form complex with metals reduces toxicity of the metals and some
complexes with metals like Cu2+, Mn2+, act as new metal-based antioxidants®" %,
i) Metal toxicity plays prime role in pathology of Alzheimer’s disease. It is found that lipophilic

curcumin can cross BBB and chelate metals ions that are toxic to neurons. It was observed
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vi)

vii)

that people who regularly consume turmeric in their diet are less prone for Alzheimer’s
disease by forming stable complex with all the metals involved for the pathology. The
interaction of curcumin with Al3+ studied extensively with the conclusion that curcumin has
ability to reduce development of Al3+ induced Alzheimer’s disease® **.

Curcumin Zn complex showed anti cancer, gastroprotective and antidepressant effects in
rodent study>>*°.

Curcumin-gold (Au3+) complex showed in vivo antiarthritic activity superior to curcumin®’.
Complex of curcumin with vanadyl (VO(Cur)2) 2+ showed antioxidant and anti-rheumatic
activity™.

Curcumin reduces the toxicity of heavy metals like Hg2+, Cd2+, Pb2+ where significant
reduction in heavy metal-induced oxidative stress is reported through complex formation® .
Curcumin-metal complexes showed better anti-tumor activity than curcumin itself.
Complexes of curcumin-and 4, 4'-bipyridine with Zn2+ were more effective than curcumin to
kill neuroblastoma cells. Curcumin-terpyridyl-lanthanum (La3+) complexes showed enhanced
photocytotoxicity in HeLa cells. Bipyridyl-curcumin complexes of Pd2+ inhibit the growth of

human prostate cancer cells*" 2.

viii) Fluorescent curcumin-metal complexes are being explored for imaging of cancer cells. The

Xi)

xii)

absorption spectrum of curcumin is altered on complexation with metals. The 1:2 transition
metal complexes of curcumin showed a blue shift of the absorption maximum. Re
(CO)3(Curcumin)(H20) complexes are fluorescent and show affinity to beta-amyloid plaques
which is being explored in microscopic imaging of the tissue of Alzheimer’s disease. 99T
(CO) 3(curcumin)(H20) complexes showed significant affinity to f-amyloid plaques and has
potential as novel radiodiagnostic agents for Alzheimer’s disease. Complex of curcumin with
68Ga3+ has ability to bind with B-amyloid fibrils very strongly, with possible applications in
Alzheimer’s disease™ ** %,

Copper-curcumin complex was screened for its antiviral activity and cytotoxicity. Studies
revealed that the synthesized compound has good microbicidal activity and would be utilized
for the development of vaginal microbicidal gel against viral infections.*®

Curcumin complex with rare earth metals like Sm3+, Eu3+ and Dy3+ showed antibacterial
activity™®.

Curcumin-Cu complex was screened as superoxide dismutase mimic. While Zn-curcumin
47,48

complex was screened for antiulcer activities and found superior to curcumin

Curcumin Zn complex showed increase anticancer activity than curcumin alone®.
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xiii) Complex of Fe-Curcumin was found to possess antitumor activity™.

xiv) Curcumin-copper complex is being studies for the development of topical contraception
prophylaxis®’.
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