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Abstract: Oxidative damage initiates the inflammation andiaimimation has been pointed out as the
root cause of cancer and various other chronicadese such as diabetes, hypertension, Alzheimer’s
disease, etc. Epidemiological and clinical studiese suggested that cancer could be prevented or
significantly reduced by appropriate treatment wahti-oxidant and anti-inflammatory drugs.
Therefore, curcumin, a principal component of tuimécurry spice) exhibiting strong anti-oxidant
and anti-inflammatory activities, might be a poiaintandidate for the prevention and/or treatmént o
cancer and other chronic diseases. However, curcumspite of its excellent safety profile, multi-
targeting effects and strong evidences on the m@edevels, could not achieve the desired
therapeutic outcome in the past clinical trialsjmyadue to its low solubility and poor bioavailéity.
Curcumin can be developed as a therapeutic dragigihrimprovement in formulation properties or
delivery systems, enabling its enhanced absorpiahcellular uptake. This review mainly focuses on
its anti-oxidant and anti-inflammatory potentialedarecent developments in dosage form and
delivery systems, opening the possibilities of dpeautic application of curcumin in the prevention
and/or treatment of cancer.
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Background

Human life is a result of collective effort and tlion of approx. up to 13 trillions of cells. The
average life span of each cell is estimated abotfitthree months. Therefore the death rate ug@o 1
billions cells per day can be expressed mathentigitemad they are replaced by the new cells each day
under normal body physiology and function. Howeusecause of environmental influences and
genetic instabilities some of the cells gain thev@oof immortality and initiates to the development
of cancer (malignant neoplasm) which leads to #aeebpment of tumour microenvironment. Cancer
is the second leading cause for mortality in US amahy European countries [1,2]. Based on the
origin of tumour, almost 90% of cancer arise frdme epithelial sheet of tissues in the body called
‘carcinoma’ such as the cancer of skin, breastgsurcolon, etc., approximate 2% of cancers are
‘sarcomas’ which arise in muscles, bone, cartildippus tissues, etc. The other types of cancers
such as ‘leukaemia’ and ‘lymphoma’ are originatemhf blood forming cells and from cells of the
immune systems, respectively. [1]

The hallmarks of cancer comprise six biological at@lities such as 1) sustaining proliferative
signalling, 2) evading growth suppressors, 3) tiegjscell death, 4) enabling replicate mortality, 5
inducing angiogenesis and 6) activating metastdsisng the multistep development of human
tumours [3]. Genome instability and immune guideiiaimmatory reactions lead to the development
of tumour microenvironment. In the last three desadhe introduction of mechanism-based targeted
therapies to treat human cancers provided bettderstanding of cancer pathogenesis. Therefore a
selected therapeutic target should have effectsimour promoting inflammation, enabling replicate
immortality, activating invasion and metastasigjuoing anti-angiogenesis, genome instability and
mutation, resisting cell death, deregulating cal@nergy, sustaining proliferative signalling, @
growth suppressor and avoiding immune destruc@nif response to the therapy, cancer cells may
also reduce their original dependence on a paati@dpability, becoming more dependent on another
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hallmark; this representing a quite different fowh acquired drug resistance. This concept is
exemplified by recent discoveries [4-6]. Therefamenulti-targeted molecule might be better choice
for the treatment of cancer. Recent lines of stgieinted out that the plant polyphenols such as
curcumin, catechins, resveratrols etc. are targesedlidates for the prevention and/or treatment of
cancer because of their multitargeted biologicalvéies. In this review, we are exploring the
possibility of prevention and/or treatment of canegh curcumin.

In fact, curcumin, a principal component in turmaeis a traditionally used anti-inflammatory agent.
The scientific literature in the last 20 years amcamin showed that curcumin might be a desirable
candidate in the prevention and/or treatment oteanCurrent literature (according to the SciFinder
database, August 23, 2011) showed a total of 1H883n “curcumin”. Among them, 60 references
were of clinical trials, 1,094 references in a fooh review and 1,515 references on patent
applications. In the same database, the numbesfetnces during 1990 to 2000 were 1463, 7, 106,
and 118 for total, clinical trials, reviews, andqyd applications, respectively, and there werg anl
total number of 600 references on curcumin recofd@u 1950 to 1989. At the time of writing this
review, a total of 56 clinical trials (phase | guigase II) on curcumin are listed on the websitéhef
USA National Institutes of Health [7]. Among theid® trials were already completed, three were
terminated, one was withdrawn and the rest of theiss are on-goinglfable 1]. Such a vast number
of researches on curcumin mainly targeting itsépeutic applications can be expected to bring an
interesting outcome in the near future.

Table 1. List of clinical trials on curcumin.

Title Recruitment Conditions Interventions/Analysis
Effect of supplemental oral curcumin in patient€ompleted Atopic asthma Dietary supplement
with atopic asthma Curcumin/ Other
Study investigating the ability of plant exosomeRecruiting Colon cancer Dietary supplement
to deliver curcumin to normal and colon canger Curcumin conjugated with
tissue plant exosomes/ Other: No
intervention
Oral curcumin for radiation dermatitis Recruiting Radiation-induced | Drug: Curcumin
dermatitis
Use of curcumin for treatment of intestinaRecruiting Lower tract/ upper Drug: Calcumin
adenomas in familial adenomatous polypasis tract polyps in| (Curcumin)/ Others: Risk
(FAP) patients with FAP | factor questionnaire/ Blood
samples/ Biopsies
(Sigmoidoscopy)/ Biopsies
(Upper endoscopy)
Curcumin therapy in patients with impairedRecruiting Type 2 diabetes/ pteDrug: Curcumin
glucose tolerance and insulin resistance diabetes/ insul
resistance/Cardiovasc
ular risk
Curcumin (turmeric) in the treatment of irritablleRecruiting Irritable bowel| Dietary supplement
bowel syndrome: a randomized-controlled trial syndrome Curcumin/ Placebo
Curcumin in preventing colon cancer in smokgrActive, not| Colorectal cancer/ Dietary supplement
with aberrant crypt foci recruiting Pre-cancerous Curcumin
condition/ Tobaccg
use disorder
Curcumin (diferuloylmethane derivative) with prCompleted Multiple myeloma | Drug: Curcumin/
without bioperine in patients with multiple Bioperine
myeloma
Efficacy and safety of curcumin formulation jnRecruiting Alzheimer's diseasg Dietary supplement
Alzheimer's disease Curcumin formulation/
Placebo
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Pharmacokinetics of curcumin in  healthyCompleted Healthy Drug: Curcumin
volunteers
Curcumin in preventing colorectal cancer |ifRecruiting Colorectal cancer | Dietary supplement
patients undergoing colorectal endoscopy | or Curcumin/ Other: HPLC
colorectal surgery Laboratory biomarke
analysis/ Pharmacologica
study/ Procedure|:
Diagnostic endoscopi
procedure/ Therapeuti
conventional surgery
Curcumin biomarkers Enrolling by Colorectal cancer | Dietary supplement
invitation Curcumin C3 tablet
Curcumin pharmacokinetics Recruiting Comparative Dietary supplement
multidose Curcumin
pharmacokinetics
The effects of oral curcumin on heme oxygengs&ompleted Healthy Dietary supplement
1 (ho-1) in healthy male subjects Curcumin
Curcumin in treating dermatitis caused ot yet | Breast cancer Dietary supplement
radiation therapy in patients with breast cancer recruiting curcumin/ Other: placebo
Curcumin for type 2 diabetic patients Recruiting Type 2 Diabeteg Drug: Curcumin
mellitus/
Cardiovascular
abnormalities
Study of nano-curcumin and resveratrol Not yet| Advanced cancer | Dietary supplement: Nang
recruiting curcumin/ Resveratro

Nano-curcumin MTD

&

T CJ

A pilot study of curcumin and ginkgo for treatin
Alzheimer's disease

gCompleted

Alzheimer's diseasg

Drug: Placebo and ginkg
extract/  Curcumin  and
ginkgo extract/  Curcumin
and ginkgo extract

|=)

— —

Curcumin in pediatric inflammatory bowelCompleted Inflammatory Drug: Curcumin
disease Bowel disease
Ulcerative  colitis/
Crohn's disease
Trial on safety and pharmacokinetics |oNot yet| Uterine cervicall Drug: Curcumin
intravaginal curcumin recruiting dysplasia
Trial of curcumin in cutaneous T-cell lymphomaNot yet| Cutaneous  T-cell Dietary supplement
patients recruiting lymphoma Curcumin (Turmeric)
Curcumin for prevention of oral mucositis [nRecruiting Chemotherapy Other:  Mouth  wash
children chemotherapy induced mucositis | Dietary supplement
Curcumol
A randomized, double-blind, placebo-controlledRecruiting Optic atrophy,| Drug: Curcumin
trial of curcumin in leber's hereditary opiic hereditary, leber
neuropathy (lhon)
Curcumin with pre-operative capecitabine gndctive, not| Rectal cancer Drug: Curcumin/ Placebqg
radiation therapy followed by surgery for rectatecruiting Radiation: Radiotherapy
cancer Drug: Capecitabine
Curcumin biomarker ftrial in head and neclRecruiting Head and neck Dietary supplement
cancer cancer Microgranular ~ curcumin
C3 complex®
Trial of curcumin in advanced pancreatic cancerActive, not| Pancreatic Drug: Curcumin
recruiting neoplasms/

21



INPA. XXVI (1) 2012

Adenocarcinoma

ulcerative colitis

Pilot study of curcumin formulation andRecruiting Osteosarcoma Dietary supplement
ashwagandha extract in advanced osteosarcoma Curcumin powder
"n Ashwagandha extract
Early intervention in mild cognitive impairmentActive, not| Mild cognitive | Dietary supplement
(mci) with curcumin + bioperine recruiting impairment/  Mild | Curcumin + bioperine
Alzheimer's disease
Bio-availability of a new liquid turmeric extract | Not yet | Healthy Drug: Liquid turmeric/
recruiting Curcumin extract
Curcumin for the prevention of radiation-inducpdctive, not| Breast cancer Drug: Curcumin  C3
dermatitis in breast cancer patients recruiting complex/ Placebo
Curcumin in rheumatoid arthritis Recruiting Rheumatoid arthriti§ Drug: Curcumin
(Longvida™)
Curcumin + aminosalicylic acid (5ASA) versuisNot yet| Ulcerative colitis Dietary supplement|
5asa alone in the treatment of mild to moderatecruiting Curcumin/  Drug:  5-

Aminosalicylic acid

Curcumin in patients with mild to moderateCompleted Alzheimer's diseasg Dietary supplement
Alzheimer's disease Curcumin C3 complex
Effect of curcumin as nutraceutical in patients| a€ompleted Major  depressive Dietary supplement
depression disorder Curcumin/ Drug:
Fluoxetine/
Curcumin to prevent complications after electjvélot yet| Acute kidney| Drug: Curcumin/ Other
abdominal aortic aneurysm (AAA) repair recruiting injury/Abdominal placebo
aortic aneurysm
Gemcitabine with curcumin for pancreatic cange€Completed Pancreatic cancer | Drug: Curcumin (+
gemcitabine)
Physiological effects of new polyphenol-enrichedecruiting Healthy Dietary supplement: Frep
foods in humans curcumin/  Encapsulated
curcumin/  encapsulated
curcumin plus piperine
Free cocoa polyphenol/
Encapsulated cocoa
polyphenols/ Control nut
cream
The efficacy of coenzyme 10 and curcumin| iVithdrawn Myelodysplastic Drug: Curcumin;
patients with myelodysplastic syndromes syndrome Coenzyme 10
Curcumin for treatment of intestinal adenomag iRecruiting Familial Dietary supplement
familial adenomatous polyposis (FAP) adenomatous Curcumin/ Placebo
polyposis
Phase Il trial of gemcitabine, curcumin andNot yet| Colon neoplasm Drug: Celecoxib/Curcumin
celebrex in patients with metastatic colon cancerecruiting
Use of curcumin in the lower gastrointestinal erminated Familial Drug: Curcumin
tract in familial adenomatous polyposis patients adenomatous
polyposis
Efficacy of nf-kb inhibition for reducing Not yet| Multiple myeloma Drug: Curcumin/Placebo
symptoms during maintenance therapy | irecruiting
multiple myeloma patients
The effect of coltect (selenium, curcumin andNot yet | Irritable bowel| Dietary supplement
green tea) on irritable bowel syndrome recruiting syndrome coltect/ Placebo
Phase Il trial of gemcitabine, curcumin apdRecruiting Pancreatic cancer Drug: Gemcitabine/
celebrex in patients with advance or inoperable Curcumin/ Celebrex
pancreatic cancer
Curcumin for the prevention of colon cancer | Completed Colorectal cancer Dietary supplement:
Curcumin
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Reducing symptom burden - non small cell lundlot yet| Non small cell lung| Drug: Armodafinil/

cancer (NSCLC) recruiting cancer Bupropion/ Minocycline/
Curcumin/ Behavioral
Telephone questionnaire

Symptom burden in head and neck cancer Not yéead and neck Other: Placebo/ Drugs:

recruiting cancer Curcumin/  Armodafinil/

Minocycline/ Bupropion

The effects of curcuminoids on aberrant crypferminated Aberrant crypt foci|  Drug: Sulindac/ aurgn

foci in the human colon

A nutritional supplement capsule containingcompleted Healthy, no Dietary supplement

curcumin, green tea extract, polygonum evidence of disease Curcumin/ Green tea

cuspidatum extract, and soybean extract| in extract/ Polygonum

healthy participants cuspidatum extract/
Soybean extract capsulg/
Genetic:  Electrophoreti
mobility shift assay/ Other.
laboratory biomarke
analysis

The efficacy and safety dfurcuma domestica | Recruiting Osteoarthritis DrugCurcuma domestica

extracts and ibuprofen in knee osteoarthritis extracts/ Ibuprofen

Safety and preliminary efficacy of the treatmenRecruiting End stage renalDevice: CDC solution

of kidney allograft with curcumin-containing failure with renal| UW-solution

preservation solution transplant

The efficacy and tolerability of coltect as add-poRecruiting Ulcerative colitis Dietary supplement:

in patients with active ulcerative colitis - an ape Coltect

label

Sulindac and plant compounds in prevent|ngerminated Colorectal cancer Dietary supplement:

colon cancer

Curcumin/ Rutin/ Drugj
Quercetin/ Sulindac

Curcumin for the chemoprevention of colorecgtactive, not| Adenomatous Drug: Curcuminoids

cancer recruiting polyps

Effects of curcumin on postprandial bloodCompleted Diabetes

glucose, and insulin in healthy subjects

Curcuminoids for the treatment of chronicCompleted Psoriasis Drug: Curcuminoids [C3

psoriasis vulgaris complex®

A clinical study of curcuminoids in the treatmegnCompleted Oral lichen planus Drug: Curcuminoigs/

of oral lichen planus Placebo

Safety study of orally administered curcumino|d€ompleted Cystic fibrosis Drug: Standardized

in adult subjects with cystic fibrosis turmeric extract

Effects of nutraperf consumption in runners Conagulet Nutrition processes| Dietary supplement:
Carbohydrate drink

Thetable was prepared from the information given in Ref. [6].

Our particular interest is focused on the anti-atiice and anti-inflammatory properties of curcumin,
which might provide a therapeutic window for theyention and/or treatment of cancer. Curcumin
down regulates various pro-inflammatory cytokin@ressions such as tumor necrosis factor (BNF-

interleukins (IL-1, IL-2, IL-6, IL-8, I1L-12) and afmokines, most likely through inactivation of the
nuclear transcription factor, nuclear factor (MB)- Likewise, curcumin is known to decrease the
inflammation associated with experimental colitisgluding a substantial reduction of the rise in

myleoperoxidase (MPO) activity, an established markfor

polymorphonuclear leukocytes) and TMF8,9]. In addition, curcumin is able to reduceorot nitrite
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levels and down regulate cyclooxygenase (COX)-@uaible nitric oxide synthaséNOS) expression
and p38 mitogen activated protein kinase (MAPK)vation [8,9]. In spite of the abundant evidence
at the molecular level, and extensive studies atpfeclinical and clinical levels, its therapeutic
outcome remains a challenge owing to its low sditykand poor bioavailability [10]. Therefore, this
review focuses particularly on the recent develapmén dosage forms and novel delivery systems
for curcumin for the treatment of cancer.

I nflammation and Cancer

The functional relation between inflammation andicea was hypothesized by Virchow already in
1863 [11]. Recent researches have expanded thembinat inflammation is a critical component of
tumor progression. Many cancers arise from theaditaflammation, chronic irritation and infection.
It should be noted that acute inflammation proégdbe essential part of the body physiology f@& th
prevention from pathogens. In contrast, a low lehebnic inflammation that can persist over 20 to
30 years is pathogenic, eventually leading to caasavell as other chronic diseasegy(re 1). Pro-
inflammatory factors might be external such as rmmmnental pollutants (cigarette smoke, vehicle
fuels), viruses (HTLV1, HPV, HCV, HBV, EBV), bactar(Helicobacter pylori), food (grilled, fried,
red meat), stress (chemical, physical, psycholdgiea. [12]. One of these external pro-inflammatory
factors or in combination together induce pro-imftaatory molecules such as reactive oxygen species
(027, OH NO, ONOQ"), cytokines (TNFe, IL-15, IFN-y, IL-6. IL-8, IL-12, IL-18), together with
other vital molecules NEkB, INOS, COX-2, 5-LOX, MMP-9. Several immune cells atibir
products guide and connect the inflammation readbacthe cancer progression [13-15].

Reactive oxygen species (ROS) initiate oxidativesst and oxidative damage in the pathophysiology
of many chronic inflammatory and degenerative disos. The responsible ROS are mainly
superoxide anion (£), hydroxyl (OH) and nitric oxide (NO radicals along with non-free radical
species such as hydrogen peroxidgO@dH and nitrous acid (HNg [16]. The chronic generation of
ROS (particularly such as O, OH 'NO’, ONOQO") leads to lipid peroxidation of cellular
membranes, altered balance of anti-oxidant enzymed) as an increase in cellular glutathione levels
(GSH) and stress-induced activation of activatotgin-1 (AP-1), play pivotal roles in the developrhe

of pathophysiology and degenerative disorders [Aipther modulator, NQ a short-lived, lipophilic
molecule, generated from L-arginine by various NABi#Rependent enzymes called NO synthases
(NOSs) play vital role in inducing cascades of mitammatory molecules together with the
physiologic functions such as vasodilatation, iitlub of platelet aggregation, neurotransmission,
immune defence, and intracellular signalling [18D is classified as a free radical species and some
of its intermediates can damage DNA directly orifdre with DNA repairvia protein damage
[19,20]. Whereas high doses of NO (millimolar) setrnbe cytotoxic and induce apoptosis, lower
doses of NO (micro molar) can protect malignaniscebm apoptosisn vitro through up regulation

of COX-2 [21-23]. In addition, endothelial heme gepase-1 (HO-1) induced by cellular stress plays
a critical role in defending the body against oridmduced injury during inflammatory processes
[24].

Anti-oxidant enzymes such as superoxide dismuts&®®D{, catalase (CAT) and glutathione
peroxidase (GPX), together with the nonenzymattesy such as glutathione and vitamins (A, C, and E)
defend against over-reaction of free radicals [28]. addition to this, other molecules like
polyphenols, ubiquinol-10, glucose and albuminwa#i as minerals, such as selenium and zian,
also counteract free radical activity. These intsigare fostering a new anti-oxidants and anti-
inflammatory therapeutic approach to the canceatrinent. By the use of aspirin, a non-steroidatanti
inflammatory drug (NSAID), colon cancer risk is vegdd by 40%-50% by COX-2 inhibition
mechanism [26-28]. Another NSAID, flurbiprofen, shed efficacy in inhibiting colon carcinogenesis
due to its strong anti-metastatic effect togetheh the COX enzymes inhibition. Besides NSAIDs,
the inhibitors of TNFe, a highly studied pro-inflammatory cytokines andriome cells modulator,
have also been targeted as the way of treatmentaftous cancers in the current clinical trails][29
Therefore, anti-inflammatory drugs might open adddl therapeutic option for the treatment of
cancers and other chronic diseases.
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Env. pollutants, Viruses
Bacteria, Foods, Stress

Pro-inflammatory
external factors

Chronic Inflammation Slee it ezl
ROS
Cytokines
NF-kB
iNOS
Pathogenesis COX-2,
5-LOX
MMP-9

Therapeutic

Neoplastic cell initiation
Tumor cell survival
Tumor cell proliferation
Tumor cell invasion
Tumor angiogenesis
Metastasis
Chemoresistance
Radioresistance

Innate immunity
Humoral immunity
Immune surveillance

Figure 1. Chart showing external and internal pro-inflammgtéactors and some of
their biological responses.

Environmental pollutants (cigarette smoke, veHiatds); Viruses (HTLV1, HPV, HCV, HBV, EBV); Bacier (Helicbacter
pylori); Food (grilled, fried, red meat); Stress (chetpiphysical, psychological), ROS: reactive oxygpecses (@, OH,
NO’, ONOQ"); Cytokines (TNFe, IL-18, IFN-y, IL-6, IL-8, IL-12, IL-18). Although these pro-ilmmatory molecules
are essential for normal cell regulation processaing therapeutic valuencontrolled and too high exposure to such
molecules can lead to cancer and other chroniaskse

In this context, in the last two decades, curculmaia been extensively studied as a potent antiHotxida
and anti-inflammatory agents due to its abilitsé@avenge directly the ROS and by down regulatiog pr
inflammatory cytokines and transcription factoesspectively. Additionally, data provided interegtin
insight into the immunomodulatory potential of auman. It can modulate the activation of T-cells, B-
cells, macrophages, neutrophils, natural killer Y\Klls, and dendritic cells. Nevertheless, cureymi
at low doses, can also enhance antibody respo8gsThese molecular evidences suggest that its
reported favourable effects in cancers might be tudirect anti-oxidative and anti-inflammatory
effects, as well in part to its ability to moduléite immune systems.

Turmeric (curry spice) and Curcumin Chemistry

Turmeric is well known curry spice obtained by giimy dried rhizomes mainly froi@urcumalonga

L. (Zingiberaceae). Among several synonyms 76 naanesisted in the WHO monograph [31]. Some
important names ardaldi (in Hindi), Haridra or Gauri (in Sanskrit),Chiang Huang (in Chinese),
Ukon (in JapaneseKurkum (in Arabic),Besar (in Nepali), etc.

Curcuma longa is cultivated throughout the tropical climates imdian subcontinent. Is a perennial
herb, which grows to up to 1 m. It has curved, obloand ovate leaves with beautiful white to
colourful flowers and cylindrical rhizome§&igure 2). India produces most of the World’s supply
turmeric [32,33]. Recently, it has been used byfdloe industry as additive, flavouring, preservativ
and colouring agent (e.g., in mustard, margarioé, drinks, and beverages). As a safe colouring
agent, curcumin is listed in the international nenirtg system for food additives with the code E100.
Non-medical applications of turmeric include cosostparticularly “Sindur (an alkaline turmeric)”
keeps very important rituals meaning in Hindu cerei®s. Commercially availableirmeric may
contain essential oils, polyphenols, protein, fainerals, carbohydrates, and moisture. The aromatic
properties of turmeric are thought to be attriblgdb its volatile essential oils [34].
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A. Curcuma longa Linn. Plant with flower; B. Freshly cut rhizome ar@ Turmeric
powder (dried and powdered rhizome). Picture A vaken with the permission of the
Museum of Materia Medica, Toyama, Japan.

The yellow colour of turmeric is mainly due to tpeesence of polyphenolic curcuminoids, which
constitute approx. 3-5% of most turmeric preparaioThe alcoholic extract of turmeric mainly
contains three curcuminoids, namely curcumin (alsferred as curcumin | or diferuloylmethane),
desmethoxycurcumin (curcumin II), and bisdesmethokgumin (curcumin Ill) Figure 3).
Curcumin was purified first by Vogel and Pelletier1815 and its structure as diferuloylmethane was
established in 1910 [35,36]. Its chemical structwes confirmed in 1973 by Roughley and Whiting
with NMR technique [37] and the solution structwas confirmed only in 2007 by Payteral. [38].

O O O O
H;CO l N = l OCH; H3CO O N Z O
HO OH HO OH

Curcumin (Curcumin 1) Demethoxy curcumin (Curcumin 11)

o 0
J 770
HO OH

Bisdemethoxy curcumin (Curcumin IlI)
Figure 3. Structure of three major curcuminoids in turmeric.

It should be noted that most commercially availablecumin” is not a pure curcumin, but rather is a
mixture of curcumin (approx. 77%), desmethoxycurcurfapprox. 18%) and bisdesmethoxy-
curcumin (approx. 5%) [39]. Curcuminoids are alsparted fromC. aromatica, C. phaecaulis, C.
zedoaria, C. xanthorrhiza, C. mangga among the more than 1Zurcuma plants identified so far.
Among the curcuminoids, curcumin is the main araldgically targeted phytochemical afdlonga

is the main source of curcumin [30].

Curcumin [chemical naméE,E-1,7-bis(4-hydroxy-3-methoxyphenyl)-1,6-heptadiéh®-dione] is a
bis-a,f-unsaturategh-diketone. It has a molecular weight as 368.38,edting point as 179-183 °C,
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and molecular formula as;{H,0s. Under physiological conditions, curcumin can ekisboth a bis-
keto and an en-ol form, which coexist in equililni@igure 4).

~Ho

(0] (0] O| (0]
E H,CO OCH
H3CO \ / ! OCH3 3 E \ 4 / ‘ 3
HO OH HO OH
Keto-form Enol-form

Figure 4. Keto- and enol- tautomeric form of curcumin.

Curcumin is readily soluble in dimethylsulfoxide NI3O), ethanol or acetone, but it is sparingly
soluble in water. In acidic and neutral solutiopsaeell as in the solid state, the keto form of cunm
predominates, and acts as a potent donor of H-atbmtontrast, under alkaline conditiorspd 8),

the enolic form predominates, and the phenolic parthe molecule plays the principal role as an
electron donor [40]. Curcumin is found to be relelly stable in presence of calf serum or human
blood comparing to basic buffer solution [41]. Afitmhh of antioxidants (ascorbic acidy-
acetylcysteine or glutathione) to culture media atthibited the degradation of curcumin [42]. At
alkaline pH, yellow curcumin changes to dark retben Under physiological conditions, thgax for
curcumin is observed at 420 nm.

Curcumin Safety and Toxicity

Turmeric (curcumin) is taken in a small daily desea spice by the mass population in many Asian
countries. In one survey, in terms of its dietasg in Nepal, turmeric consumption was found to be
up to 1.5 g per person per day, equivalent to ap&0 mg of curcumin/day [43]. In India, where the
average intake of turmeric is reported as high.@s25 g per day (corresponding to approx. up 1o 0.
g of curcumin), no toxicities or adverse effectsdnbeen reported or studied at the population level
[44]. However the doses given in clinical studies expected to be rather higher than those normally
consumed in the diet. This fact underlines the rfeedystematic safety and toxicity studies. Based
on repeated studies, turmeric is Generally Recegnias Safe (GRAS) by the US FDA, and
curcumin has been granted an acceptable dailyantakel of 0.1-3 mg/kg-bw by the Joint Expert
Committee of the Food and Agriculture Organizatiarld Health Organization (FAO/WHO) [45].

The systematic studies conducted in rats, doganamkeys with the support of the Prevention
Division of the US National Cancer Institute (NCe oral doses of curcumin up to 3.5 g/kg-bw did
not show adverse effects for up to 90 days [45h preclinical study involving the administratioh o

2% dietary curcumin (approx. 1.2 g/kg-bw) to rats 14 days [46] or in a study of 0.2% dietary
curcumin (approx. 0.3 g/kg-bw) administered to mige 14 weeks, no toxicity was observed [47].
Furthermore, a reproductive toxicity study with tr@l curcumin administration of up to 1.0 g/kg-bw
daily, no toxicity was observed in two successigaagations in rats [48].

In a study performed in India, daily administratioh 1.2—2.1 g of oral curcumin to patients with
rheumatoid arthritis for 2—6 weeks did not causgtaricity [49]. Chenget al. in Taiwan studied oral
0.5, 1.0, 2.0, 4.0, and 8.0 g of curcumin daily thmee months to patients with preinvasive malignan
or high risk premalignant conditions and no notideaadverse effects were detected [50]. Eaal.
studied safety of curcumin in healthy volunteensigi€urcumin capsules (containing 75% curcumin,
23% demethoxycurcumin and 2% bisdemethoxycurcumvitt) single escalating doses from 0.5 to
12.0 g. Among 24 enrolled healthy subjects, seveveldped adverse effects, including diarrhea,
headaches, rashes and yellowish stools. All taegcibbserved were of grade 1 and not related to the
doses. In this study, the maximum tolerated dosé&lawt be determined because more than 12.0 g of
curcumin is regarded as too bulky [51].
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In a phase I clinical trial on oral curcumin inigats with advanced colorectal cancer in whichuise
NCI criteria were used to assess potential toxicitycumin was well tolerated at all dose leveldaip
3.6 g daily for up to four months [52]. Adverseegfts related to curcumin consumption reported by
patients in these studies were mainly gastroimas{nausea and diarrhoea). Two abnormalities were
detected in blood tests in this trial, both possitglated to treatment: an increase in serum al&ali
phosphatase level was observed in four patients @I grade 1, and two grade 2); and three other
patients had serum lactate dehydrogenase increasds5 times the upper limit of normal. It is not
clear whether these abnormal blood test resulte wedated to the activity of the malignant diseiase
these patients or to curcumin toxicity.

Although turmeric is often used to treat inflammgtskin conditions in traditional Asian medical
systems, it should be noted by potential laboratorg clinical investigators that a few reports of
allergic dermatitis after contact with curcumin kéxeen published in the scientific literature [%53-5
An allergic reaction to turmeric-related productaswalso described in one healthy volunteer enrolled
in a phase | study testing the safety of turmeiicand turmeric extract [56]. Despite the lack of
systematic testing on the interaction between cuncuwith other commonly used drugs, the US
Department of Health and Human Services has recowate based on published laboratory and
animal studies, that co-administration of curcumwith NSAIDs or anti-coagulant drugs (heparin,
clopidogrel, aspirin) may result in an increasesk rof bleeding. They have also suggested that
interference may be found with other drugs thaeafor are metabolized by the cytochrome P450
(CYP) enzyme system, resulting in the potentialeimatic drug levels in blood [9]. In addition tod
advice, it has been speculated tGatcuma extract (rather than curcumin) may potentially ifese
with histamine 2-receptors antagonists (e.g., idin&) and proton-pump inhibitors (e.g., omeprayole
via inhibitory effects on histamine receptors [57]. &hson animal studies, other scientists have
proposed that curcumin may enhance the hypoglycaefiect of anti-diabetic medication or the
efficacy of anti-lipemic drugsvia inhibition of the CYP enzyme system or reducing ltthve-density
lipoprotein fraction in the blood [58,59].

Curcumin is an approved food colouring agent initamidto a dietary item. In spite of reported minor
adverse effects, large doses of up to 12.0 g pgroti@urcumin were found to be well tolerated in
humans. Therefore, based on the safety and toxiodfile, in several clinical trials the targetedhb
doses for curcumin can be recommended up to in dstwd.0-8.0 g to obtain the maximum
therapeutic effects.

Curcumin Bioavailability
Animal mode pharmacokinetics

Recent studies on curcumin suggested as the raseaz low bioavailability in systemic circulation
is due to a rapid metabolism. Curcumin administenedly at a dose of 1.0 g/kg to rats resulted in
approx. 75% of the dose being excreted in faecdsnagligible amounts were detected in the urine
[60]. In another study, 60% of oral curcumin wagrfd to be absorbed and glucuronide and sulphate
conjugates were detected in the urine [61]. Raandthet al. reported that the majority of the oral
dose was found to be excreted in faeces, whileoapp35% was excreted unchanged, and the
remaining 65% excreted as metabolites of curcungi?]. [After intravenous and intraperitoneal
administration of curcumin in rats, large quanditief this compound and its metabolites were
excreted in the bile, mainly as tetrahydrocurcuraimd hexahydrocurcumin glucuronides [63,64].
These data offered evidence in favour of the hypsdh that curcumin undergoes transformation
during absorptiorvia the intestine and that it is possibly subject néemhepatic recirculation [62].
These data are in accordance with the original thgsis proposed by Holdetr al. studied the fate of
curcumin in rats [64].

Panet al. have studied the intraperitoneal administratiorcaicumin (0.1 g/kg) in mice, and have
suggested that curcumin is first biotransformedityydrocurcumin and tetrahydrocurcumin, and that
these compounds are subsequently converted to rumuognide conjugates [65]. Irescst al.
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showed that small quantities of curcumin, hexahguairoumin, hexahydrocurcuminol, and hexahydro-
curcumin glucuronide were present in plasma witghar levels of curcumin glucuronide and
curcumin sulphate after oral dosing of curcuminrats [66]. Interestingly, the transformation of
curcumin to its metabolites occurred more extemgiverat hepatocytes growex vivo than in human
hepatocytes. The same investigators extendedwek by using suspensions of isolated human liver
or gut microsomes and the results suggested teah#tabolic reduction occurred very rapidly within
minutes [67]. A study on a high dose of oral curcuif2% in the diet, or approx. 1.2 g/kg-bw) in
F344 rats for 14 days showed the parent compoundetectable in plasma, liver and colon mucosal
tissues ranging from 0.1 to 1.8 nmol/g tissue [46]

Due to its poor systemic bioavailability after oe@ministration, many research groups have focused
on ways to improve its bioavailability. Co-admington of oral curcumin with piperine, an alkaloid
found in black pepperP{per nigrum) and long peppe(Piper longa), appeared to increase serum
concentrations of curcumin in rodents. In a studypg high doses of oral curcumin (2.0 g/kg) in rats
co-administration of piperine increased systemiabailability by 154% [68]. The mechanism of this
effect has not been elucidated yet.

In summary, the systemic bioavailability of curcanafter oral dosing in rodents is found low.
Curcumin may undergo intestinal metabolism, anéppears it undergoes very rapid first-pass
metabolism and excretion in bile. Co-administratiaith other agents or the use of different delivery
systems may increase systemic bioavailability atemin.

Clinical pharmacokinetics

In contrast to the extensive preclinical evidenmesented, fewer pharmacokinetic data are available
from human studies. In one of the studies, 2.0 guré curcumin powder was administered orally to
fasting volunteers and low curcumin concentrationplasma (<10 ng/mL) were observed after 1 h
[68]. In the same study, concomitant administrat@n20 mg of piperine appeared to increase
bioavailability of curcumin in humans by 2000%. anstudy with higher doses of oral curcumin,
Chenget al. in Taiwan administered up to 8.0 g of curcumirlydfor three months to patients with
preinvasive malignant or high-risk premalignant @itions. It was found that peak serum curcumin
concentrations were achieved 1-2 h after oral entak 1.754M and that levels gradually declined
within 12 h [50]. In a dose-escalation study perfed in the US, too low serum concentration of
curcumin was observed (in some cases could noebextéd) on administering 50—200 mg of oral
micronized curcumin together with orange juice @althy volunteers [69].

Two clinical phase | dose-escalation studies wenedacted in patients with advanced colorectal
cancer in Leicester, England. In the pilot studyl6f patients, standardized oKalircuma extract
(doses up to 180 mg of curcumin) was administemea fiormulation that also contained volatile oils
derived fromCurcuma spp., daily for up to four months. No evidence lofical toxicity attributable

to the extract was detected, however, no evidehdetectable systemic bioavailability was observed
either [70]. In a subsequent phase | study in XempE, a curcuminoid formulation was administered
orally for up to four months, allowing rapid dosscalation and equating to curcumin doses between
0.45 and 3.6 g daily [52]. Oral consumption of thghest dose of curcumin (3.6 g daily) resulted in
detectable levels of drug and conjugates in plaanthurine, just above the limit of detection of the
assay (approx. 0.63 ng/mL). Lower doses of curcumsulted in no detectable urinary levels of the
drug. In the six patients consuming 3.6 g of curicudaily, urinary levels varied between 0.1 and 1.3
uM (curcumin), 19 and 45 nNturcumin sulphate), and 210 and 510 (ddrcumin glucuronide)
[52].

To determine levels of curcumin in gastrointestimssues, further studies were performed in pagient
undergoing operations for colorectal cancer wherefi voluntary consent to have their tissues used
for research purposes [71]. Twelve patients wititdiogically confirmed colorectal cancer received
oral curcumin (0.45, 1.8, or 3.6 g daily) for sewsys before surgery. Levels of agent-derived sgeci
were determined in the peripheral circulation andalorectal tissue obtained at the time of sukgica
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resection. The concentrations of curcumin in nor@adl malignant colorectal tissue of patients
consuming 3.6 g daily of curcumin were 12.7 and g tissue, respectively. Curcumin sulphate
and curcumin glucuronide were identified in theesgtinal tissues of these patients. Trace levels of
curcumin were found in the peripheral circulatidn. accordance with the data from preclinical
models discussed earlier, these clinical resultsatin volunteers and patients suggest that curcumin
has low systemic bioavailability in humans and thatlose of 3.6 g curcumin per day achieved
measurable levels of the parent compound in cal@iréissue. The same investigators examined the
levels of curcumin in hepatic tissue after oralidgsin 12 patients with liver metastases from
colorectal cancer who received 0.45-3.6 g of owtwmin daily for seven days before hepatic
surgery [72]. They measured the levels of curcuamid its metabolites in portal and peripheral blood,
bile, and liver tissue. Low nanomolar levels ofaumin and its glucuronide and sulphate conjugates
were found in peripheral blood samples taken lidr seventh dose of curcumin and in portal blood
samples taken 6—7 h after seventh dose of curcuminesected liver tissue, no parent drug was
detected, but trace levels of metabolic productevi@und. This pilot study showed that the doses of
oral curcumin required to produce hepatic levelffigent to exert pharmacologic activity are
probably not feasible in humans with this pharmé&écabformulation.

In summary, the results from several pilot and phaslinical studies in volunteers and patients are
consistent with the findings obtained with curcumim preclinical models presented earlier.
Collectively, they confirm that low systemic biodahility is achieved after oral dosing, probably
due to rapid first-pass metabolism and some degriegestinal pre-metabolism. A daily oral dose8d g

of curcumin has been shown to result in detectiablels of curcumin in plasma, colorectal tissue and
urine.

Antioxidant and Anti-inflammatory Activities
Preclinical anti-oxidant activity

Oxidative stress and oxidative damage are involiredhe pathophysiology of many chronic
inflammatory and degenerative disorders, partityplanch as cancer [73]. The generation of ROS,
particularly @~ and OH, play important roles in the development of car{@é&16]. Therefore in
order to prevent from the oxidative damage of DINgd or protein the effects of these free radicals
can be diluted by the anti-oxidant mechanism.

Curcumin at the concentration of M inhibited ROS generation in rat peritoneal mabeuges [74]
and similar effects have been observed in red bl [75]. Curcumin has also been shown to
scavenge © and OH radicals [76]. In contrary, a few reports showgugcumin can have both as
pro-oxidant or anti-oxidant effects depending oe tioses and the chemical environment (e.g.,
availability of free Cd" ions) [77-79]. Another free radical, NOalso plays important roles as an
oxidant, inflammatory agent and immune-modulatoeckhical studies suggested that curcumin may
inhibit induction of macrophage NOS activity at centrations of 1-2@M [39,80]. In mice, oral
administration of an aqueous alkaline solution wfcamin, notably at a tiny dose of 92 ng/g-bw
strongly inhibited murine hepatic lipopolysaccharidduced iINOS gene expression [21]. As
inhibition of INOS activity may represent a mechanism of intefearduring carcinogenesis.

Endothelial heme oxygenase-1 (HO-1) is a proteduaed by cellular stress. Its main action is the
degradation of heme to the anti-oxidant bilibehd the vasoactive molecule carbon monoxide (CP) [9
Curcumin showed a dose- and time-dependent incned$®-1 mRNA, protein expression, and heme
oxygenase enzymatic activity in bovine aortic eh@bal cells and human proximal renal tubular
cells at the concentration of 1484 through the NReB pathways and transcriptional mechanisms
[81]. Increased heme oxygenase activity also agpeaplay an important role in curcumin-mediated
cytoprotection against oxidative stress and NO-@ediutoxicity or apoptosis [82].
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Interestingly, although curcumin shows anti-oxidanbperties by providing hydrogen radicals and
scavenging free radicals, there are a growing numbevidences that it can act as pro-oxidant under
certain condition by generating ROS to show antearactivity [83-85]. The balance between anti-
oxidant and pro-oxidant activity must be considewduen planning intervention trials in healthy
volunteers, particularly if pro-oxidant activitysdts in potentially damaging effects, as shown in
biomarkers such as oxidative DNA adduct levels.[86]

Clinical anti-oxidant activity

In a randomized controlled trial conducted in tHe ky using two diet-derived polyphenolic agents,
the renoprotective and anti-oxidant properties ofcemin, in combination with the natural
bioflavonoid quercetin, were tested in dialysis-elggent patients with cadaveric renal transplarnts [8
It is known that the implicated mechanisms in reg@dft rejection include alloimmune (T-cell-
mediated cytotoxicity) and non-immune factors (eaytomegalovirus infection, endothelial injury,
and progressive atherosclerosis as a result ofboxeal stress) [88,89]. In this study, both earlgfgr
and delayed graft functions were significantly imped in the drug (480 mg of curcumin and 20 mg
of quercetin) treated group comparing to placetmmg{87]. Another interesting observation was that
tremor and neurotoxicity appeared to be less commadhe drug treated group than in the control
group. The investigators suggested that HO-1 indmcmay play a role in the improved early
outcomes of cadaveric renal recipients treated euticumin and bioflavonoids [87,90].

The anti-oxidant properties of curcumin were dem@tasd in another pilot study in patients with
chronic, non-alcoholic, tropical pancreatitis. hirststudy, 20 patients were randomized to receihere
500 mg of oral curcumin in combination with 5 mgegrine or placebo for up to six weeks [91]. The
researchers evaluated the erythrocyte levels obmdaldehyde (MDA) and glutathione (GSH) as
well as effects on clinical pain patterns for assent of abdominal pain. The MDA and GSH levels
in the body are general indicators of lipid peration and anti-oxidant potential, respectively. The
results of this study showed that patients treatgld curcumin and piperine had significantly lower
levels of MDA compared with the placebo group. Gensely, erythrocyte GSH levels remained
unaltered, analogous to studies that showed tightdose curcumin did not result in glutathioBe-
transferase (GST) levels reduction. In this stuggin severity was unaffected by curcumin
consumption. No side effects were reported, nooriaory toxicities documented on blood tests done
before and after the treatment course [91].

Anti-oxidant effects of curcumin in preclinical sties are well documented; however a limited report
appeared to explain that biomarker directly reldatethe anti-oxidative effects.

Preclinical anti-inflammatory effects

The arachidonic acid metabolism consists of twol-described pathways, the cyclooxygenase
(COX) and the lipooxygenase (LOX) pathways. Cyclggenase is the key enzyme involved in the
COX pathway, converting arachidonic acid to prdstagins and thromboxaneSigure 5). There are
two COX isozymes, namely COX-1 and COX-2. The COM-A constitutive isoform expressed in
most tissues; its inhibition results in adversee@f such as gastrointestinal ulcers or impairmént
renal blood flow. Conversely, COX-2 is inducible sites of inflammation by cytokines and
intracellular signals; it can also be induced ina@s normal tissues by the hormones of ovulatiosh a
pregnancy, growth factors, oncogenes, and tumamgters [92]. COX-2 is constitutively expressed
only in brain and spinal cord tissue. COX-2 ovaoregsion has been implicated in the carcinogenésis
many tumours such as in colon, rectum, breast, &mddheck, lung, pancreas, stomach, and prosgéte [9

It has been shown that curcumin is able to inhiduction of COX-2 gene expression in oral and
colon epithelial cells [94,95]. At a concentratioh20 uM, curcumin showed a strong inhibition of
chemically induced PGEproduction in colon cells [66]. In a study in humeolon carcinoma cell
lines carried by Lev-Ariet al., incubation of HT29 cells and SWA480 cells withffatient
concentrations of curcumin, resulted in inhibitioh PGE synthesis, down regulation of COX-2
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protein levels, and increased apoptosis of thoke et constitutively express COX-2 protein [95].
One of the implicated mechanisms for COX-2 dowrul&pn is inhibition of the activity of thecK
signalling complex responsible for phosphorylatiminlxB and subsequently the activation of the
transcription factor NRB [96]. This finding was also supported by the thett commonly used anti-
inflammatory drugs such as aspirin and salicylargsich inhibit the activity of B kinaseg, have
also been linked to a decreased incidence of attldreancer [97].
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Figure 5. Flow diagram showing inhibitory effect of curcunun arachidonic pathways.
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Apart from the well known roles of COX-2 [92], latstudies suggest that the COX-1 isozyme also
plays role in inflammation and carcinogenesis; edléhe balance between the metabolic products of
COX-1 and COX-2 catalysis appears important in phggic function and response to inflammation.
Curcumin and some of its analogues do appear hitir®OX-1 transcription [98]. Such inhibition is
important, as it has been linked to a potentidugrice on the local spread of malignancy and the
communication between malignant cells and theigm@uring stromal cells [99,100].

Numerous studies have indicated that the transmnigactor, NFxB plays important role to induce
inflammation and is constitutively active in paterwith cancer [101,102]. The role of NB-in
suppression of apoptosis, tumour growth, invasmngiogenesis, and metastasi| a variety of
downstream effectors, is well documented. Activatiof NF«B results in up regulation of the
molecules cyclin D1, Bcl-2 [103] and Bcl-XL protsinMMPs, growth factors receptors (GFRS),
including vascular endothelial growth factors (VBGHd epidermal growth factors (EGF), survinin,
iNOS [104] IL-6, IL-10, IL-18, AP-1, HO-1, and mawyhers [102,105]. Therefore, an agent that can
target NFxB is of interest for the treatment of pancreaticaea. From a philosophical standpoint, as
cancer and most chronic diseases have a multifastology, natural diet-derived agents such as
curcumin that act at multiple cellular levels mégnsl a better chance of improving the prevention or
management of these diseases than agents thdataetgle cellular target. A pleiotropic activity

the cell is provided by ability of curcumin to iblti multiple levels of the NEB, AP-1, and JNK
signalling pathways [106-108].
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Clinical anti-inflammatory activity

Suppression of the inflammatory response by cuncuasidiscussed in the preclinical studies involves
inhibition of the induction of COX-1, COX-2NOS, and production of cytokines such as interferon
[98,109]. It seems that many effects are achiewadsuppression of the Janus kinase (JAK)-STAT
signalling cascadevia its effect on the Src homology 2 domain-containipgtein tyrosine
phosphatases (SHP)-2 [110]. In human multiple myel@ells, curcumin has been shown to inhibit
STAT3 phosphorylation and therefore to down regulat6 production [109].

The effect of oral curcumin on inflammatory diseab@as been investigated in a number of clinical
studies in various patient groups. In a pilot opadyel study conducted in New York, oral curcumin
was given to five patients with ulcerative prostiéind five patients with Crohn disease (CD) [111].
All the patients with proctitis noticed an improvem, and 80% of patients with CD showed better
inflammatory profiles [111]. Subsequently, a randmd double-blind, placebo-controlled study was
performed in patients with ulcerative colitis (UQ)L2]. Of 89 patients enrolled, half received 1.6fg
oral curcumin twice a day in combination with sedfazine or mesalazine, two aminosalicylates that
are standard treatments for UC, and the other dfathe patients received an aminosalicylate plus
placebo. The 6-month treatment schedule showeg#tignts in the curcumin group had a significantly
reduced rate of relapse (4.6%% 20.51% in the placebo group) [112].

In a study in postoperative patients, a significanti-inflammatory effect was demonstrated in those
receiving 400 mg of oral curcumin thrice daily fare days compared with placebo [113]. Using simila
methods, considerable improvements in the patisgitsbtoms were demonstrated in a double-blind study
in India on patients with rheumatoid arthritis.this study, 1.2 g of curcumin was administered four
times daily to 18 patients with rheumatoid artsrifior two weeks, resulting in symptomatic
improvement without apparent toxicity [49]. The i@nflammatory properties of curcumin were
demonstrated in two further studies examining tffects of oral curcumin on ophthalmologic
diseases. In one of those, 375 mg of curcumin waangrally thrice daily to patients with chronic
anterior uveitis for three months, resulting in ggestion of improvement in the condition with
comparable efficacy to that of steroids, which geaerally regarded as standard treatment [114. In
subsequent study by the same team, the same dasecomin (375 mg) was administered to eight
patients with idiopathic inflammatory orbital psemadmors for 6—22 months [115]. Half of the
patients showed complete responses up to two ydddlow-up. It is known that in patients with
active psoriasis, increased activity of the enzyhesphorylase kinase (PhK) mediates and triggers
molecular mechanisms for continuous cell migramrd proliferation. In an early preclinical study,
Reddy and Aggarwal demonstrated that curcuminsslective inhibitor of PhK [116]. More recently,
PhK activity was assessed in 40 patients who werelatl into four groups: a group of active
untreated psoriasis, one of resolving psoriaseédcewith calcipotriol [vitamin D3 analogue], a gm

of patients receiving curcumin, and a control greufh healthy subjects [117]. This study showed
that PhK activity was much higher in untreated gugs, lower in the groups treated with calcipotriol
and curcumin, and even lower in the control grolipe decrease in activity of PhK caused by
curcumin and calcipotriol was associated with apsegsion of keratinocyte transferrin receptor, the
severity of parakeratosis, and the density of thidezmal cytotoxic CD8T cells, all considered
clinical hallmarks of psoriatic activity [117].

In forty five patients with peptic ulcer-like syngmts treated with 0.6 g of oral curcumin, five times

per day, ulcer-like symptom disappeared in 12 ptiafter four weeks of treatment. This response
increased to 72% of patients after eight weeksesdtinent, and up to 76% of patients at 12 weeks of
treatment. The remaining 20 patients exhibitedrgssterosions, or dyspepsia rather than definite
ulcers as on the beginning of the treatment alported symptomatic improvement within two weeks

of the 4-week course of curcumin treatment. Nottneat-related toxicities were noticed [118].

In contrast to the systemic anti-oxidant propertiesral curcumin, it has been suggested that &bpic
application of curcumin may result in increasednfation of ROS in the skin when used in
combination with other therapies [119]. Such po#diyt pro-oxidant effects may relate to dose or
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conditions, as discussed earlier. In a study peréor in Bradford, England, 15 Asian patients with
acute vitiligo consumed turmeric daily and weretied with topical application of low-dose UVB-
activated pseudocatalase (PC-KUS) for six montt®][1None of these patients showed any
significant improvement of vitiligo. Eight patientgere advised to stop turmeric consumption and
continue with topical PC-KUS only twice daily. THel to a clinical improvement within two months
and to an almost complete repigmentation at sixth®om six of the eight patients, leading the
authors to suggest that turmeric was having angantstic effect on the treatment of the disease by
PC-KUS.

Clinical Anti-cancer Effects

As it is evident that curcumin expresses anti-axidanti-inflammatory, anti-angiogenic, anti-mitoti
and anti-metastatic activiti@s vitro and in animal experiments, curcumin thus mighal@omising
molecule for the prevention and treatment of camtdrumans. Kuttaret al. observed the reduced
size of the lesions in 10 of the 62 patients rangivopical turmeric/curcumin in oral cancers and
leukoplakia however the report is lacking the cohgroup and standard method of curcumin
preparation [120].

A phase | clinical study performed in Taiwan repdrthe potential anti-carcinogenesis activity of
curcumin in patients with preinvasive malignanthagh-risk premalignant conditions [50]. Twenty
five patients with recently resected cancer oftiteelder, Bowen disease of the skin, uterine cervica
intraepithelial neoplasia, intestinal metaplasighe stomach, or oral leukoplakia, were administere
curcumin in doses of 1.0 to 8.0 g (0.5 g of synthaircumin per capsule, 99% purity) daily for tare
months. No toxicities were reported for doses uB.@ g per day. Histologic improvement of the
premalignant lesions was noted in one of two ptievith presumed bladder carcinomasitu, two

of seven patients with oral leukoplakia, one ofEatients with stomach intestinal metaplasia, dne o
four patients with cervical intraepithelial neopgaéCIN), and two of six patients with Bowen diseas
of the skin. On the contrary, one of four patiewnith CIN, and one of seven patients with oral
leukoplakia developed malignancy despite the treatmiimitations for drawing definite conclusions
from this study are the small numbers of patienith veach high-risk conditions studied and the
possible bias from the interpreting pathologists,ttee study was not blinded. Further evidence to
support the hypothesis that curcumin has acti\gsirest preneoplastic lesions is provided by a recen
study performed at The Cleveland Clinic in Floridgpatients with familial adenomatous polyposis
(FAP) [121]. FAP is an autosomal dominant conditdhiaracterized by the development of numerous
bowel adenomas that can transform to adenocarcin@uaumin (480 mg), in combination with
guercetin (20 mg), was administered three timesdpgrto five patients with FAP. Four patients had
the rectum preserved, and one had an ileoanal pddichatients showed a decrease in the number
and the size of polyps compared with baseline égiit21]. These preliminary data strongly supguet t
case for designing a randomized controlled triatwicuminversus standard therapy for patients with
FAP.

In a Phase Il clinical study report of Dhill@hal., twenty-five patients each treated with 8.0 gqbey
curcumin orally for two months observed peakedm&surcumin level from 22 to 41 ng/mL [122]. On
continuing up to 18 months, two patients showedlicdi biological activity. One had ongoing stable
disease for more than 18 months; interestingly, amditional patient had a brief, but marked, tumour
regression (73%) accompanied by significant in@eg4- to 35-folds) in serum cytokine levels (IL-6,
IL-8, IL-10, and IL-1 receptor antagonists). Curdéondown-regulated the expression of NB;
COX-2, phosphorylated signal transducer and activaif transcription 3 in peripheral blood
mononuclear cells from patients. In conclusiomhalgh this molecule is poorly absorbed, with low
nanogram levels of circulating curcumin detectedst®ady-state, biological activity is evident.
Collectively, these clinical trials highlight theviel of current translational interest in studyihg
biologic potential of curcumin in the treatmenpoémalignant conditions and established malignancie
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In the review of Schehzad al., a list of ongoing Phase Il clinical trials witturcumin against
cervical, oral, pancreatic and colon cancers inalrahd Israel is reported, however, the results of
these clinical trials have not been published attithe of this manuscript preparation [123].

The current review is focused mainly on the effe¢tsurcumin in inflammation and its link to cancer
in general therefore it provides limited information the details of the molecular mechanism(s) of
action. Recently, Goedt al. have discussed in details the effects of curcumnirvarious cancers in
human [124] and Wilkest al. reviewed the mechanism of anti-cancer propeotiesircumin focused
on head and neck squamous cell carcinoma [125h Batiews provide additional information on
molecular mechanism of anticancer effects on cuirtum

Advancementsin Formulations and Delivery Systems

Like many other natural polyphenols, curcumin isghp soluble in water. It is well established fact
that the main limitation of broader use of curcwiased formulations is poor solubility in agueous
medium and fast metabolism [126]. Therefore, ineortb increase its solubility, stability and

pharmacological activities, development of improvednulations and delivery systems is expected
to enhance its therapeutic effects. In this sectelacted curcumin formulations and delivery system
with promising applications are discussed.

The first step in development of improved curcufiermulations involves enhancement of its water
solubility. It could be achieved by modification ils chemical structure. However, the modification
should not affect its biological activities. Anothepproach would involve solubilization of curcumin
in appropriate carrier such as liposomes, micelipsl complexes etc. Kuriegt al. proposed the use
of heat without heat-mediated disintegration oftaanin as a mean to increase solubility of curcumin
and turmeric, resulting in 12-folds and 3-foldsre®se, respectively. Heat-solubilized curcumin has
the potential for futuren vivo andin vitro studies [127]. Zebilet al. suggested complexation of
curcumin with metal ions (4 C#*, Mg** and S&) as mean to prepare readily soluble formulation
in water-glycerol (1:1; w/w), which remained stalit®vards light and heat [128]. Similarly, the
complexes of curcumin with serum albumin were fodwndsignificantly increase the solubility of
curcumin and, at the same time, reduce the tokcedf amphoterecin B by delaying the erythrocyte
membrane damage [129]. Chemically modified 4-aeylel curcumin derivatives were found to be
more soluble and more potent anti-cancer targat@tbgues than pure curcumin [130]. In addition,
several attempts have also been made to prepamgczily modified curcumin in order to increase its
activity against cancer and NfB [131-136]. The water-soluble curcumin conjugateith two
different sizes poly(ethyleneglycol) molecules &xeid enhanced cytotoxicity as compared to
curcumin alone and showed potentials in anti-catreatment [137].

Regarding delivery systems proposed/developed rigosraved curcumin delivery, the selection
presented below is made based on their applicabilittreatment of anti-inflammatory disorders
and/or cancer treatment.

The delivery systems can be primarily classified@cordance to the main material used to build the
system:

i) Polymer-based implantable ddivery systems: Curcumin in poly-§-caprolactone)-based implants
was developed for subcutaneous grafting achieviegraximum concentration in rat liver on day 4
post-implantation with the concentration plateavesedays. The study confirmed the potential of
polymeric implants to avoid oral route and provadistained release of incorporated curcumin [126].

i) Micelles: Poly(ethyleneoxidep-poly(e-caprolactone) micelle-encapsulated curcumin rethiits
cytotoxicity in both mouse melanoma and human reacell lymphoma cell lines [138]. Curcumin-
loaded  poly(D,L-lactide-co-glycolide)-b-poly(ethyle  glycol)-b-poly(DL-lactide-co-glycolide;
PLGA-PEG-PLGA) micelles, decreased curcumin uptakdiver and spleen, and at the same time,
enhanced distribution of curcumin in lung and bramdesired [139].
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i) Nano-delivery systems: Nanotechnology and nanomedicine, emerging matigiinary areas offer
huge potentials for development of delivery systefos curcumin. Nanoparticles-incorportaed
curcumin achieved a 9-fold increase in oral biolawdity as compared to curcumin administered
with piperine as absorption enhancer [140]. Potidam-glycolic acid (PLGA) nano-formulation of
curcumin resulted in a 22-fold higher oral bioaataility in rats as compared to conventional curcumi
[141]. Curcumin loaded dextran sulphate-chitosamoparticles exhibited potential in targeting and
represent one of the more promising line of curcuresearch [142].

“Nanocurcumin”, polymeric nanoparticle-encapsulatearcumin, inhibited the activation of the
seminal transcription factor NEB and reduced steady state levels of pro-inflammyatgtokines like
ILs and TNFe [143]. Nanocurcumin, in size range of 2—-40 nm vedde to ensure stronger
antimicrobial potential [144]. A similar approachreducing the size of curcumin crystals was used t
produce nanosupsensions which can safely be adergdsin intravenous delivery [145].

Very interesting approach uses water-dispersibbgithynanogels for intracellular delivery of curcumin
photodermal therapy [146]. Anti-inflammatory adiviof curcumin could also be enhanced through
delivery via o/ nanoemulsions [147].

iv) Phospholipid-based ddivery systems. Most of the phospholipid-based delivery systemesreano-
delivery systems as well however, they are disistged because of the specific properties. The
simplest delivery system involving phospholipid aadrcumin would be curcumin-phospholipid
complexes. Complexation of curcumin with phosphétitbline resulted in its enhanced bioavailability,
improved pharmacokinetics and increased hepataprageactivity [148]. Curcumin formulated with
Meriva® (phosphatidylcholine) showed increased bioavaditgbin rats [149]. Curcumin-phospholipid
complex administered by oral route increased thmenseconcentrations of curcumin as compared to
uncomplexed curcumin and maintained the effectosgcentrations over longer period of time [150].

Curcumin in phospholipid vesicles and lipid-nanasgls provided improved intravenous delivery of
curcumin to tissue macrophages, especially boneomaand spleen macrophages [151]. Solid lipid
nanoparticles (SLN) seem to be one of the promisimgl delivery systems for curcumin.
Pharmacokinetic profile of curcumin in SLN showagngicant improvement when evaluated in rat
model [152]. More advanced formulations includensfarrin-mediated SLN of curcumin for
treatment of breast cancer [153]. Solid lipid naartples bearing curcumin can be administered bgrot
routes as well, such as topical for example [154lid lipid nanoparticles showed enhanced anti-
angiogenic and anti-inflammatory activities inmaidel of inflammatory bowel disease [155].

Liposomes are well established delivery system #@blacorporate a wide variety of poorly soluble
drugs and enable their aqueous medium-based admiive [156]. Curcumin is expected to
accommodate itself inside the liposomal bilayeis7[1 Incorporation of curcumin showed in higher
stability than that of free curcumin in phosphatdfér saline, human blood, plasma and RPMI-1640
medium with 10% calf serum [158]. Liposomal curcnmvas reported to be able to consistently
suppress NRB binding and decrease the expression ofxd8Hegulated gene products, including
COX-2 and IL-8, both of which have been implicatedumour growth/invasiveness. It was proposed
that liposomal curcumin for systemic delivery hadeptial in treatment of pancreatic carcinoma
[159]. Liposomal curcumin showed dose-dependenttiranhibition and apoptosis in the two human
colorectal cancer cell lines (LoVo and Colo205 geland synergetic effect with oxaliplatin, a
standard chemotherapy for the malignancy [160]o&gmal delivery system for curcumin in which
liposomes were coated with prostate membrane spemiftigen specific antibodies to achieve
targeting showed superiority in two human prostaacer cell lines [161]. Nude mice xenograft
tumours were suppressed after 3.5 weeks of treatweéh liposomal curcumin administered
intravenously [162]. TakahasHi al. developed liposomal delivery system for oral adstiation of
curcumin, for enhanced gastrointestinal absorgfié3]. A liposome-based intravenous formulation of
bis-demethoxy curcumin analogue showed better bppatective activity comparing to its free form
[164]. In line of a research relying on naturalgori active ingredients, combination of liposomal
forms of curcumin and resveratrol was able to icgmtly decrease prostatic adenocarcinamavo.
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These findings suggested that liposomal phytochasiiao-combination may reduce prostate cancer
incidence [165]. Curcumin-decorated nanoliposomigis very high affinity for amyloids-42 peptide

as vectors for targeted delivery of Alzheimer désedreatment opened the possibility to further
explore the potential of vesicle-surface availatlecumin in various cancer treatments, including
targeted therapies [166].

The novel delivery systems provide enhanced stgbibioavailability and cellular uptake of
curcumin. Whether some of the systems proposedabipus research groups will indeed reach the
patient therapy, remains to be seen. Moreover, dozd patents on lipid-based formulations of
curcumin were granted patents to various pharm@e¢undustries in recent years, but those
formulations are not discussed in this review.

Conclusions

Although the distribution of cancer in human pogola has been recorded all over the world, the
pattern and prevalence are found to be differe@f][1The results of epidemiological studies led to
focus mainly on the diet and lifestyles as the @ple cause for the origin of cancers. Based on the
facts, for the prevention of cancer, the US depantnof Agriculture and the National Cancer Insétut
has recommended five servings of fruits and vedgsatbaily. Further analyses have suggested that
this consumption should be even higher [168,16BEpSE recommendations are pointed to vitamin C
and/or polyphenols. Polyphenols in the human dietderived mainly from vegetables, fruits and
spices. Drinks and beverages such as coffee, gregblack tea, as well as chocolate, red winegoliv
oil, nuts, etc. are also good sources of polyplendany of these polyphenol-rich natural resources
have been traditionally used as medicines for tieeention of diseases, as well as maintenance of
youth and longevity. The recent line of studies basfirmed that these traditionally used natural
remedies are strong anti-oxidant and anti-inflanematagents. In addition, many of them play
important roles in regulating the immune system arglnow being investigated as chemopreventive,
neuroprotective, cardioprotective and hepatopriviecigents, either acting alone or in combinations
[170].

In particular, turmeric, a typical example of pdhgmol-rich natural remedies, has been used for
centuries in Indian traditional medicine (Ayurvedad Traditional Chinese Medicine (TCM) [30].
Moreover turmeric, a popular curry spice, is alsedias a food additive and preservative agent
worldwide. Based on repeated studies, turmericymtsdhave been characterized as safe by FDA in
the USA, the Natural Health Products DirectorateCahada, and the Joint Expert Committee of
FAO/WHO [45]. Curcumin, a principal polyphenol cooment of turmeric, is also available as an
over-the-counter (OTC) supplement worldwide. Turimevas introduced to Europe in the 13th
century by Marco Polo and perhaps surprisinglyrigipam an early study published e Lancet in
1937, curcumin/turmeric has only entered extengreglinical studies and scientific phase | andlll/|
clinical trial levels in the last 10-15 years [301

The long history of curcumin mass use, and redamtal trials have shown its excellent safety irnde
Over the last few years, a number of studies hawvgiged evidence for several pharmacological
properties of curcumin including chemosensitizinggliosensitizing, wound-healing, antimicrobial,
antiviral, antifungal, and anti-inflammatory acties [29,172]. Curcumin has been shown to inhibit
several cell signalling pathways at multiple leyafecting the expression and activity of cellular
enzymes such as COX and GSTs, and influencing iromedulation, angiogenesis, and cell-cell
adhesion. Its ability to affect gene transcriptemmd to induce apoptosis is of particular relevatoce
cancer chemoprevention and chemotherapy [106].

Recently, research on multicomponent drugs, espe@hytochemical extracts or combination of
targeted ingredients have provided more insighadditive and synergetic effects achieving optimum
therapeutic effects. Use of a standardized exsach as Polyphenone E, a topical antiviral cream
based on purified green tea extract has been apgray a prescription drug by FDA in 2006, would
be the new trend in pharmaceutical sciences [138hilarly, potentially beneficial interactions
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between diet-derived polyphenols and other drugshatween individual components of the human
diet have been identified. Examples of this congeplude the combination of curcumin with the
green tea extract, epigallocatechin-3-gallate (E{:{1G4]; curcumin combined with the flavonoid
guercetin, found in apples, onions, and citrustdrdil21]. Interactions relevant to combinatorial
treatment with curcumin might be important due lteration in absorption, cellular and biological
responses. For example, the combination of curcuaméhgenistein (a natural product derived from
soya beans) appears to strongly inhibit growthushéin breast MCF-7 cells synergistically [175]slt i
also evident that the toxic effect of drugs likéleuracil vinorelbine can be reduced by combined
treatment with curcumin [176,177].

The experience in cancer research revealed thgeétéar treatment of cancer could not often be
achieved due to the adaptation and modificationthey cancer cells during treatment. In this
connection, curcumin, a pleiotropic molecule, seemige promising. In addition, its additive and
synergistic properties with other phytochemicalsrautinely used toxic drugs explored in recent
preclinical test are creating a new philosophyadésand effective treatments. Therefore, the chafice
curcumin as chemopreventive and potentially armteea molecule seems promising. However, its
formulation and delivery systems are urgently ndette be further standardized in systematic
preclinical and clinical studies in order to makeatimin as an anti-cancer drug.
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