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Turmeric (Curcuma longa), one of the frequently used spices in
Indian cooking, is renowned for its medicinal properties from time
immemorial. It is well known to possess anti inflammatory, anti
oxidant, antiseptic and anti cancer properties with an excellent safety
profile. ~ The active principles of this spice are curcumin,
demethoxycurcumin and bisdemethoxycurcumin. From preclinical
studies to clinical trials, tremendous progress has been made with
respect to this compound in the medical field .This review will focus
on the effects of curcumin and its mechanisms of action in various
disease conditions.
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Introduction:-

Turmeric(Curcuma longa) is a rhizomatous plant of the Zingiberaceae family and one of the widely used spices in
Indian cooking. The chemical structure of curcumin, the most active constituent was identified as diferuloylmethane
in 1910 by Milobedzka and Lampe!™.Later Srinivasan separated the 3 curcuminoids by Chromatography as
curcumin (diferuloylmethane) ,p-hydroxycinnamoylferuloylmethane and p,p' —dihydroxydicinnamoylmethane®.
These 3 curcuminoids are commonly referred as curcumin(diferuloylmethane), demethoxycurcumin and
bisdemeth[g]xycurcumin and volatile oils such astumerone, atlantone, and zingiberone in addition to sugars, proteins
and resins*®.

Curcumin is the chief constituent of turmeric, which is a spice used traditionally in Indian medicine for its role in
diabetes and associated conditions ™LIt is also known to have anti-cancer, antioxidant, anti-inflammatory and
antiseptic properties®®.In this review article, the various roles of curcumin in medicine will be discussed
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As an anti-cancer agent:-

Curcumin exerts anti-cancer activity through multiple molecular mechanisms. Curcumin inhibits tumorigenesis by
inhibiting action of the transcription factor NF-xB , which is stimulated by various factors like oxidative stress and
pro-inflammatory cytokines like TNF-o and IL-1"\.Curcumin was first shown to inhibit NF-xB by Singh and
Aggarwal in 19950 AP-1 is another transcription factor which is stimulated by the above factors as well as by
radiation ©!.Both these transcription factors are key regulators of cell cycle, leading to uncontrolled cellular
proliferation®®..It has been seen that in pancreatic cancer NF-kB is over active and by inhibiting this, curcumin at a
dose of 8g/day produced reduction in cytokine(IL-6,8,10) and CA-125 levels in a patient of pancreatic cancer and
improved this patient’s condition over 1 year [".In a study to determine the antiproliferative effect of curcumin on
colon cancer( DLD-1)cell lines, it was found that curcumin induced apoptosis in these cells which was 3 fold more
than produced by control and its combination with silymarin exhibited 5 times more apoptosis as compared to
control, which indicates that curcumin sensitizes apoptotic action of silymarin since activity of NF-kB is inhibited
by both these compounds .

A study done on A549 cells, which is a lung adenocarcinoma cell line, showed that curcumin could be a supportive
treatment for lung cancer in the coming years as it can suppress the movement and invasive ability of A549 cells by
hindering adiponectin expression, which is responsible for stimulation of AKT pathway, which is in turn related to

stimulation of the NF-kB pathway

An in vitro study was done on glioma GBM 8401 cells, which are malignant glioma cells of the human brain ,where
these cells were treated with demethoxycurcumin(DMC) at rising doses of 0, 12.5, 25, 50, and 100 uM for 1 or 2
dayst*”"DMC was shown to reduce multiplication of these cells and decrease their survival and lead to apoptosis by
induction of caspase activity™®.In a similar study, the in vitro effect of curcumin was studied on multiple human
glioblastoma cell lines, both primary and recurrent, where it was found to exhibit a dose dependent decline in
proliferation of these cells, which could be explained by hampering the STAT-3 pathway of signalling™.

In a study done on HMCL (Human Myeloma cell lines), it was shown that Mcl-1, which is an important protein for
myeloma cells to survive in the body, was drastically downregulated in curcumin treated cells™.Some subgroups of
myeloma cell lines like t(4;14) and t(14;16), which are usually considered as poor prognostic factors were found to
be highly sensitive to curcuminf?.

Curcumin was found to sensitize HelLa cancer cell lines to radiation in an in vitro study by increasing reactive
oxygen species thereby causing extracellular signal-regulated kinase (ERK) 1/2 activation ™.In a randomized,
double-blind, placebo-controlled trial to study the effects of oral curcumin( dose of 6 grams daily) in lessening the
effect of radiation dermatitis in patients with breast cancer, curcumin was found to Produce a statistically significant
decrease in the Radiation Dermatitis Severity (RDS) score and moist desquamation 41,

In a study done on Rh30 and Rh41 cells, which are human rhabdomyosarcoma cell lines of the alveolar subtype,
curcumin, by suppressing NF-kB activity (a transcription factor whose activity is stimulated by ionizing radiation)
was found to have a radiosensitizing action!® .NF-kB activity increased by radiation is responsible for
radioresistance in these ARMS cells( Alveolar Rhabdomyosarcoma) ™.

In another study done on ovarian cancer cells which were resistant to cisplatin, pretreatment with curcumin
produced higher inhibition of cancer cell proliferation than either curcumin or cisplatin given alone and also
produced an appreciable decline in the required cisplatin dose, demonstrating its chemosensitising action™®!. In the
same experiment these curcumin pretreated cells exposed to radiation exhibited more suppression of colony
formation than either agent (curcumin or radiation) alone!*®!.

In diabetes/Metabolic syndrome:-

In mice models fed with high fat diet (HFD), curcumin has been found to reduce action of this diet on weight gain
and improved insulin sensitivity *".Rise in levels of fasting plasma insulin induced by HFD was found to be
decreased by curcumin. !

Similarly a randomized control trial was conducted on subjects with metabolic syndrome who had a weight loss of

<2% even after lifestyle modification and change in diet given for a period of 30 days and the subjects had a mean
weight loss of around 1.88% ,a BMI reduction of 2.10%, a reduction in percentage fat of 0.70%.™ In this trial for
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the next 30 days the study group received Curcuma longa extract 800mg/dose/die (95% curcumin) with
phosphotidylserine which is mixed with piperine 8mg/dose/die and the control group received phosphotidylserine
400mg/dose/die. *® The study group had significant decrease in anthropometric measurements like weight loss of
around 4.91%(from 1.88%), BMI reduction of 6.43% ( from previous 2.10%), and body fat decreased from previous
0.70% to 8.43%.There was no effect in the phosphotidylserine group. Also both groups had good compliance with
similar tolerability with 2 patients of the control group having gastric burning as a side effect. 1!

Curcumin reduces insulin resistance and increases the levels of anti inflammatory cytokines like
adiponectin®Curcumin was also found to significantly reduce inflammation in adipose tissue by increasing
adiponectin expression and bringing down the expression of F4/80, which is a marker of murine macrophages in
white adipose tissue.*!

In a study done on patients with type 2 diabetes mellitus, the effect of NCB-02( a standardized curcuminoid
preparation), atorvastatin and placebo was studied on endothelial function and various biomarkers like
malondialdehyde, endothelin-1 (ET-1), interleukin-6 (IL-6) and tumour necrosis factor-o. (TNFa) at baseline and
after weeks. Endothelial function improved significantly in both NCB-02 and atorvastatin groups from baseline
values of reflective index ?The levels of the above biomarkers were also decreased significantly in both the
groups as compared to placebo. The above results show that NCB-02 has a similar effect, like that of atorvastatin
in improving endothelial dysfunction and decreasing inflammatory cytokines and oxidative stress markers.?"

In a randomized controlled trial done on patients of Acute Coronary Syndrome, double blinding was done to study
the effects of low dose, moderate dose and high dose curcumin and placebo on lipid profile. ?The low dose group
receiving 15 mg thrice a day and the moderate dose group receiving 30 mg thrice a day were found to have decrease
in total cholesterol and LDL cholesterol level, but it was not statistically significant when compared to placebo. 2

In skin diseases:-

In a randomized, double blind, placebo controlled trial conducted on patients with psoriasis, patients were assigned
1:1 to 2 groups with test group receiving methylprednisolone aceponate 0.1%Qintment and 2 gms/day Curcumin
(Meriva, which is curcumin delivered in a lecithin base) and control group receiving methylprednisolone aceponate
0.1% ointment plus matching placebo.”® Decrease in disease severity was evaluated by PASI (Psoriasis Area
Severity Index) measured after 12 and 16 weeks./?*IThe levels of cytokine 1L-17 and I1L-22 was analysed at baseline
and 12 weeks. Though decrease in PASI values was significant in both the test and control groups at 16
weeks(p<0.05 for both groups), the group treated with curcuminStopicaI steroid and Meriva) had more decrease in
PASI values than the control group(topical steroid and placebo)®! Though there was no change in levels of IL-17 in
both the groups at baseline and week 12, the levels of IL-22 showed a significant decrease at week 12 in the
cu[%lljmin and topical steroid group, whereas there was no change in the topical steroid and placebo group at week
124

Levels of 1L-22 were found to be significantly higher in patients with psoriasis **land may be responsible for
increasing the thickness of epidermis probably by interfering with differentiation of terminal keratinocytel®!

In the treatment of osteoarthritis:-

In a randomized, double blind, multicenter study to assess efficacy of Curcuma domestica 1500 mg/day (containing
75% to 85 % curcuminoids) over ibuprofen 1200 mg/day usingWestern Ontario and McMaster Universities
Osteoarthritis Index (WOMAC), C.domestica group was found to be non inferior to ibuprofen group in terms of
reduction in WOMAC pain and function scores®)A greater WOMAC score is associated with more pain and
limitation of functions "]

In an observational study done in patients with osteoarthritis of the knee the effect of Meriva® (which is a new
formulation of curcumin in lecithin delivery system) along with glucosamine was compared with another group
which received chondroitin sulphate and glucosamine®!The functional status of the knee was assessed using The
Karnofsky Performance Scale Index and WOMAC questionnaire was used to report their signs and symptoms of
OA at baseline and after the study period®"A lesser Karnofsky Index indicates a worse functional status®®! The
Meriva and glucosamine group had significantly greater Karnofsky Index and significant reduction in WOMAC
pain, stiffness and function score®!
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The addition of curcumin was found to enhance the effect of celecoxib by suppressing COX-2 activity and
stimulating apoptosis in osteoarthritis synovial adherent cells( fibroblast like cells).[3°] Fibroblasts in synovium
secrete increased amounts of 1L-6 and finite amounts of TNF-a which may be lead to their arthritogenic action.=”

Curcumin in neuroprotection:-

A study was done to demonstrate the neuroprotective effects of curcumin and curl, a derivative of curcumin in
Alzheimers disease, using an in vitro model of SK-N-SH cells, which is a human cell line derived from
neuroblastoma®?Curcumin and curl were found to guard these cells from action of externally added amyloid-
betal-42 by stimulating the activity of telomerase™ In another study done on japanese encephalitis infected
Neuro2a cell line,the neuroprotective role of curcumin was studied. Japanese Encephalitis Virus(JEV) Infection was
found to cause an incline in the levels of reactive oxygen radicals and stress kinase pathways like pJNK, phospho-
p38 MAPK, phosphoERK-1,2, and pNFkp whcih were found to be significantly reduced in cells treated with
curcumin as compared to control™®*.Curcumin also suppressed ubiquitin-proteasome system and thereby decreased
formation of infective viral particles from N2a cells which were previously infected 33].p38MAPK and pJNK are
important signaling molecules which are linked to cell death mediated by TNFR-1( Tumar Necrosis Factor
Receptor-1) seen in JEV-infected N2a cell linest®*.

In a model of Parkinson’s disease on SH-SY5Y cells, incubation of cells with oligomeric a-Synuclein (aS) lead to
cytotoxicity, increased the ROS( Reactive Oxygen Species) level, and induced apoptosis by stimulating Caspase-3
pathway, all of which were diminished by curcumint®!,

Curcumin in Gastrointestinal disorders:-
The role of curcumin on gastrointestinal disorders has been extensively investigated and found to be effective in
experimental models and its role clinically has been demonstrated in some clinical trials.

In a randomized, double blind pilot study done in patients of ulcerative colitis, the subjects were randomized into
two groups consisting of NCB-02 ( which is a standardized curcumin preparation) enema along with oral 5-ASA or
a control group of placebo enema with oral 5-ASAF®Patients were evaluated using UCDAI scoring( Ulcerative
Colitis Disease Activity Index) .Though the intention to treat analysis showed that treatment response was better
and number of patients who had remission and had better mucosal healing were more in NCB -02 group, it was not
statistically significant. But in per protocol analysis the above parameters(treatment response, remission and
mucosal healing) were found to be statistically significant in NCB-02 group as compared to the control group™®!

In a randomized control trial done to study the effectiveness of curcumin on RAS (Recurrent Aphthous Stomatitis),
curcumin gel was compared with triamcinolone acetonide gel and both the groups were compared with regard to
reduction in the pain, number and size of the ulcers™" Though both the groups showed statistically significant
reduction in pain, size and number of ulcers from day 0 to day 7, there was no statistical significance in the above
parameters between the two groups( curcumin and triamcinolone acetonide), showing that curcumin gel is a
convincing alternative to corticosteroids in the management of RAS ")

An important mechanism of anti inflammatory property of curcumin is reducing levels of proinflammatory
cytokines which could be through suppression of NF-kB."*®! Higher levels of NF-kB is seen in intestinal biopsies
taken from lamina propria of IBD patients.**The activation of the transcription factor NF-kB leads to upregulation
of various inflammatory cytokines like IL-6, IL-8, and TNF-a in a study done on human gestational tissues from
women who underwent elective caesarean section and delivered healthy full term infants*”

The anti-infective role of curcumin:-

In a study done on human genital epithelial cells (GECs) taken from hysterectomised specimens , 5 or 50 pM
curcumin was added to GECs 1 hour before exposure to HIV and HSV infected cell lines, which is a concentration
of curcumin enough to inhibit TNF-a stimulation™ In a previous study it was shown that gp 120 induced
activation of pro inflammatory cytokines like TNF-a leads to suppression of TJ (Tight Junction) proteins, like ZO-1
and occludin which are usually expressed in GECs, thereby leading to mucosal barrier damage!*>*®!. Such mucosal
barrier damage can be avoided by pre treatment of GECs by curcumin, which preserves the expression of TJ
proteins (" .Curcuminpre treated human GECs also had significant suppression of HSV-2 multiplicationt!,
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Curcumin and cardiovascular system:-

In a study done on human ventricular cardiomyocytes (HVCM), nanocurcumin at a dose of 500 ng/ml was shown to
have cardioprotective action®®. Cardiac hypertrophy promoted by hypoxia in these cells showed a decline in
nanocurcumin treated cardiomyocytes and these cells were found to be more viable®*!. Also shift of energy source of
cardiomyocytes from lipids to glucose under hypoxic conditions was hampered by nanocurcumin and mitochondrial
function was conserved by nanocurcumin in hypoxic conditions!*.

An in vitro study done on MCF-7 breast cancer cells some of which were partially doxorubicin resistant, HO-3867 (
which is a synthetic curcumin compound), was used in combination with doxorubicin to see the anti cancer effect of
the combination as well as to see the cardioprotective action of HO-3867 on normal cardiac cells and endothelial
cells of the aorta which were used as controls [°, It was seen that that the cytotoxic activity of the combination was
better than either doxorubicin or HO-3867 on its own. But the cytotoxicity of doxorubicin on the normal cells ( used
as control ) was diminished by the addition of HO-3867 to doxorubicin °!.

Curcumin in Asthma:-

In an open label study conducted to see the effect of curcumin in asthmatic patients as an add on therapy, patients
were randomized into two groups, A (Standard therapy consisting of budesonide, formoterol along with
montelukast, levocetrizine and acebrophylline) and B( above mentioned Standard therapy and curcumin 500 mg bd
for 1 month). There was found to be significant betterment in the FEV values in the curcumin group and betterment
of various hematological parameters like total leukocyte count(TLC)."**) Regarding the adverse effects, though both
study groups reported headache and insomnia, weight gain was recorded in group B alone and decrease in appetite
only in group A patients and there were no significant adverse effects clinically, suggesting the clinical efficacy and
safety of curcumin as add on therapy in bronchial asthmal**Curcumin has been shown to suppress cPLA2
(cytosolic phospholipase A2)phosphorylation and thereby reduce arachidonic acid release and also hinder the
catalytic action of 5-LOX(5-Lipoxygenase) and hamper COX-2 expression induced by LPS ")

Curcumin in Uveitis:-

In a study done to study the efficacy of phospholipidic curcumin on anterior uveitis of various underlying causes,
patients were given oral Norflo tablets (which is curcumin-phosphatidylcholine complex; Meriva®)) twice a day.
The patients were assessed before and after therapy by assessing the frequency of relapses in each patient. The
results showed that 106 and 19 patients had relapses before and after therapy by Norflo.®! Since some patients had
more than 1 relapse of anterior uveitis, by adding the total number of relapses of all patients, there were 275 and 36
relapses before and after treatment, which is remarkably significant with a p value less than 0.001. Symptoms of
ocular discomfort were also decreased after a few weeks in patients treated with Norflo.”®IThis could be explained
by the anti inflammatory action of curcumin, which is a PPAR-y agonist.”* Many ocular inflammatory diseases are
mediated by immune cells such as microglia and the anti inflammatory action of PPAR-y may be effective in these
conditions®%

Curcumin on depression:-

The effect of curcumin has also been evaluated in depressive disoders. In a study done patients of major depressive
disorder(MDD), Curcumin was found to have efficac%/ comparable to fluoxetine®But this study was not placebo
controlled and had a less number of study participants *%

In a Randomised control trial done on patients of major depressive disorder, double blinding was done and the
patients were randomized into curcumin (500 mg bd) or placebo group. ©? The study was carried out for 8 weeks.
Betterment in the Inventory of Depressive Symptomatology self-rated version (IDS-SR30) was employed as the
primary outcome.® The secondary outcomes used to assess effect of curcumin were IDS-SR30 factor scores and
the Speilberger State-Trait Anxiety Inventory (STAI).Though there was no significant difference between the two
groups in the first four weeks in decreasing depressive and anxiety symptoms , from week 4 to 8,the curcumin group
was more efficacious than placebo in bringing down both depressive and anxiety symptoms as shown by
improvement in IDS-SR30 total score and 1DS-SR30 mood score®?

Curcuma longa was found to inhibit MAO A in mouse brain, which is responsible for its antidepressant
effects®Curcumin which inhibits MAO plays an important role in the metabolism of various monoamines like
dopamine, noradrenaline and 5-hydroxytryptamine. ! Curcumin was found to exert its antidepressant effects in
mice by interacting with serotonergic receptors 5-HT1 and 5-HT2.5
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The pleiotropic effects of curcumin can be summarised in the following table(table no. 1):
Table no.1:-Mechanism of action of curcumin in various conditions.

Property Mechanism of Action (Numbers in brackets indicates reference number of the study

quoted in text)

Anti cancer inhibiting action of NF-«xB '®

apoptosis by induction of caspase activity (demethoxycurcumin)™
Mcl-1 downregulation*?
Radiosensitisation!**]

Chemosensitisation*®
Diabetes/metabolic Improve insulin sensitivity™”
syndrome increases the levels of anti inflammatory cytokines like adiponectint**%!

improved endothelial functionf®"
decrease in inflammatory cytokines and oxidative stress markers!?!

Skin diseases decreases 1L-22 levels

23]

Osteoarthritis apoptosis of synovial adherent cells.
(Curcuma domestica)

[30]

Neuroprotection

Alzheimer disease(in | protected cells from amyloid-betal—-42 action by stimulating activity of telomerase®?

vitro)

Japanese Encephalitis | Reduction in reactive oxygen radicals and stress kinase pathways®*

cell lines suppressed ubiquitin-proteasome system®*!

Anti infective Role preserves the expression of TJ proteins™*"!

Gastro intestinal | anti inflammatory property —decreasing pro inflammatory cytokines by suppression of
disorders NF-«kB.E®] ( NF-xB is raised in intestinal biopsies of IBD patients)m]

Cardiovascular conserves mitochondrial function, under hypoxic conditions **!

system(Nanocurcumin)

Bronchial asthma Reduce arachidonic acid release by suppressing cytosolic phospholipase A2

phosphorylation *”!

uveitis anti inflammatory action of curcumin

[48]

PPAR-y agonistic action- anti inflammatory property.*9>

depression inhibit MAO A in mouse brain™!

interacting with serotonergic receptors®™
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