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A B S T R A C T

A nutraceutical product can be defined as a substance that has a physiological benefit or provides protection
against chronic diseases. The term nutraceutical is a hybrid term derived from the union of “nutrition” and
“pharmaceutical”. The list of studied nutraceuticals is constantly changing and reflects ongoing market devel-
opments, research and consumer interest. Spices, in addition to giving color and taste to foods, are also im-
portant nutraceutical. Spices have been an integral part of human diets and commerce for millennia but recently,
the recognition of the link between health and nutrition has strengthened their importance in the food sector and
sparked the interest of researchers who increasingly engage in trying to determine the mechanisms of action of
spices and the countless beneficial properties attributed to them. Among the many existing spices, turmeric is
one of the most studied for its antioxidant, anti-inflammatory, antibacterial and anticancer properties. The
purpose of this review is to briefly summarize the fundamental characteristics of turmeric and give an overview
of the use of this spice in several diseases.

1. Introduction

The term “nutraceuticals” was invented by Stephen De Felice in
1989 from the union of “nutrition” and “pharmaceutical”. According to
De Felice, nutraceutical can be defined as, “a food (or part of a food)
that provides medical or health benefits, including the prevention and/
or treatment of a disease.” [1]. Some of the most common methods for
classifying nutraceuticals can be based on food sources, on the me-
chanism of action, on chemical nature. The food sources used as nu-
traceuticals are all natural and include dietary fiber, probiotics, poly-
unsaturated fatty acids, antioxidant vitamins and spices [2]. Several
studies have shown the beneficial effects of nutraceuticals and their
consumption can reduce diseases allowing humans to maintain an
overall good health. Nutraceuticals have a significant role in the pro-
motion of human health and disease prevention; they are a powerful
instrument in promoting optimal health, longevity, and quality of life
[3]. Most nutraceuticals have antioxidant activity, so they can contrast
with conditions that imply the alteration of the redox state, such as
diabetes, tumors and neurological disorders [4]. Several nutraceuticals
also show promising results for the treatment of inflammatory bowel
disease with minimal or no side effects [5].

2. Turmeric

Curcumin is a phenolic compound isolated as a yellow pigment from
turmeric (common name of Curcuma longa). Turmeric is an Indian
spice derived from the rhizome of the plant, perennial member of the
Zingiberaceae family, cultivated in India and other parts of Southeast
Asia [6]. The phenolic compounds are natural phytochemicals derived
mainly from phenylalanine and less frequently from tyrosine and are
widely present in food and nutraceuticals. Recently it has been shown
that phenolic compounds have an inhibitory effect on cancer and its
ability to metastasize (C. Y [7]. and, precisely because of the potential
protective effects against oxidative damage, these compounds, in-
cluding curcumin and its derivatives, are capturing the attention of the
scientific world. The medicinal properties of turmeric have been known
for thousands of years but the exact mechanisms of action and active
components have only recently been analyzed. It has been traditionally
used in Asian countries as a medical herb for its antioxidant, anti-in-
flammatory, anti-migraine, antimicrobial and anti-tumor properties,
but it is recognized and used all over the world in many different ways
because of its multiple potentialities. For example, in India the turmeric
containing curcumin is used in the curry, in Japan it is served in tea, in
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Thailand it is part of the composition of cosmetics, in China it is used as
a dye, in Malaysia as an antiseptic, in Pakistan as an anti-inflammatory
agent, in the United States it is found in mustard sauce, cheese, butter
and fries, as a preservative and colorant. Curcumin is available in
various formulations: capsules, tablets, ointments, energy drinks, soaps
and cosmetics [8].

2.1. Components of turmeric

Turmeric consists of a group of three curcuminoids: curcumin
(77%), demetossicurcumin (17%) and bisdemetossicurcumina (3%), as
well as volatile oils such as tumerone, atlantone and zingiberone, su-
gars, proteins and resins. Curcuminoids have been recognized by the US
Food and Drug Administration (FDA) as safe and tolerable substances,
even at doses of between 4 and 8mg per day [9]. Curcumin is the main
component of turmeric, it is also known as diferuloylmethane and is a
yellow-orange crystalline solid. The molecule consists of two 4-hy-
droxy-3-methoxy-phenyl bound to a α, β-diketon unsaturated carbon
bridge acting as a Michael acceptor. Curcumin displays a keto–enol
tautomerism with the keto and enol forms existing in given proportions;
when dissolved, the enol form predominates. Curcumin is a relatively
unstable compound that degrades quickly from neutral to alkaline so-
lutions [10].

3. Properties of curcumin

Among the several natural remedies studied today, curcumin has
interested researchers for its profound medicinal values [11]. This
compound has shown a great variety of biological functions, such as
antibacterial, anti-inflammatory, antimicrobial, and anti-cancer effects
(Fig. 1) [12]. Scientific research has confirmed the numerous pharma-
cological effects of curcumin and established its ability to act as a

potential therapeutic agent against several chronic diseases [13].

3.1. Curcumin as a chelating agent

Curcumin is able to chelate metals thanks to the presence in its
structure of the β-diketone function (C [14]. The metal ions are re-
quired by the body for many important functions and their plasma
concentration must remain within the physiological limits, otherwise
there will be some deficiency or excess. Chelation therapy is used in
cases in which it is necessary to reduce the levels of a metal inside the
body or increase them in case of deficiency [15]. The chelator can also
be used as a scavenger, able to bind potentially toxic metals, neutralize
them and eliminate them from the body, or for its ability to selectively
transport the metal into the cell nucleus, allowing it to bind DNA, thus
inhibiting the proliferation of cancer cells.

3.2. Curcumin in neurological diseases

Neurological disorders are different pathologies of the central and
peripheral nervous system. These disorders produce epilepsy,
Alzheimer disease (AD), Parkinson's disease (PD), migraine, brain tu-
mors and traumatic disorders of the nervous system. Several studies
conducted on different cell types from the nervous system (such as
neurons, astrocytes and microglia) have demonstrated the neuropro-
tective properties of turmeric [16–18]. The ability of turmeric to pre-
vent the development of neurodegenerative diseases such as AD and PD
is specifically due to its anti-inflammatory and antioxidant properties.

The development of AD is mainly attributed to environmental fac-
tors, in particular: diet, smoking, cardiovascular diseases, type 2 dia-
betes and serious cranio-cerebral injuries. The dominant theory of the
AD development is amyloid cascade hypothesis, but at the same time, in
the etiology of this disease it is important the overphosphorylation of

Fig. 1. Turmeric has beneficial effects in several diseases such as neurological disorders, inflammatory bowel diseases, cardiovascular diseases, metabolic disorders,
autoimmune diseases and different types of cancer.
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tau protein [19]. In vitro studies have shown that curcumin can bind
Aβ, thus influencing the peptide aggregation and inhibiting fibrils for-
mation and elongation [20]. Moreover, curcumin can enhance Aβ cel-
lular uptake (L. [21], avoiding plaques deposition and preventing cel-
lular insults induced by the peptide (H [22]. In vivo experiments have
allowed to demonstrate that curcumin is able to rescue the distorted
neuritic morphology near Aβ plaques [23], to decrease Aβ serum level
(Y. J [24]. and to attenuate inflammation and microglia activation in
AD mouse models. Furthermore, curcumin can modulate tau protein
processing and phosphorylation [25].

Parkinson's disease is characterized by the abnormal accumulation
and aggregation of the pre-synaptic protein α-synuclein in the dopa-
minergic neurons as Lewy bodies (LBs). Curcumin was found to directly
modulate the aggregation of α-synuclein in vitro as well as in in vivo
studies [26]. Oral and intravenous administration of curcumin was able
to modulate dopaminergic damage suppressing apoptosis, inducing
microglial activation and improving the locomotion [27].

Moreover, other studies described a powerful capacity of curcumin
to decrease Huntington protein aggregation [28] ameliorating disease
symptoms by suppressing cell death [29].

Depression is another neurological disorder for which the beneficial
effects of turmeric have been demonstrated; it was observed that
treatment with curcumin altered the biomarkers of depression and
improved the mood of the patients [30,31]. Several studies have been
conducted in this regard and have shown that turmeric is a safe and
effective compound for the treatment of patients with depressive dis-
order [32] and that treatment with turmeric has been effective in im-
proving several related symptoms in the mood in these patients [30].

3.3. Curcumin in inflammatory bowel diseases

Inflammatory bowel disease (IBD) is a type of chronic and relapsing
disorder characterized by inflammation of the gastrointestinal tract
[33]. Crohn's disease (CD) and ulcerative colitis (UC) are the two pri-
mary forms of inflammatory bowel disease. CD can affect any part of
the gastrointestinal tract and affects the entire bowel wall. Several
studies have suggested that Escherichia coli (AIEC) strains with invasive
adhesion play an important role in CD; two AIEC strains, LF82 and
083:H1, have been shown to increase the expression of pro-in-
flammatory cytokines and some mucosal immune markers in CD colon
biopsies [34]. UC is restricted to the colon and the rectum and disease is
confined to the intestinal epithelium. Because of its anti-inflammatory
properties, it was decided to conduct studies to determine the effects of
turmeric in these diseases. Studies have shown that curcumin has po-
tential to improve Crohn's inflammatory disease [35] and causes
greater improvements in disease activity in patients with UC [36]. The
anti-inflammatory properties and beneficial effects of curcumin have
also been demonstrated for other gastrointestinal conditions, including
dyspepsia, Helicobacter pylori infection, peptic ulcer and irritable
bowel syndrome [6,37].

3.4. Curcumin for cardiovascular diseases

The effect of curcumin has been tested in patients with cardiovas-
cular diseases such as acute coronary syndrome, acute myocardial in-
farction and dyslipidemia. Curcumin inhibits oxidative stress, apoptosis
and inflammation and exerts cardioprotective effects. Besides curcumin
can be beneficial for lipoprotein metabolism because it is involved in
the reduction of low-density lipoprotein cholesterol and triglycerides,
and augmentation of high-density lipoprotein [38]. In a study on the
effectiveness of curcumin on cardiovascular risk factors in individuals
with coronary artery disease, it has been determined that serum tri-
glyceride, LDL and VLDL cholesterol levels decrease considerably in the
group of individuals taking curcumin [39]. An even more recent study
has shown that curcumin could be used as a safe and well tolerated
adjunct to statins to control hyperlipidemia [40].

3.5. Curcumin and metabolic disorders

Among metabolic disorders, diabetes and obesity are certainly the
most widespread. These diseases are closely associated with high cal-
orie and/or poor-quality diets and sedentary lifestyles [41]. In addition,
low grade chronic inflammation is associated with obesity and con-
tributes to insulin resistance and the development of diabetes [42].
Curcumin plays a role in diabetes management; its positive effects occur
by reducing insulin resistance and hyperlipidemia. Curcumin down-
regulates the differentiation of pre-adipocytes to adipocytes, up-reg-
ulates adipocyte energy metabolism, induces apoptosis, and suppresses
angiogenesis in adipose tissue. Curcumin administration has been
shown to result in the reduction of leptin, resistin, and visfatin, while
simultaneously increasing the expression of adiponectin [43].

3.6. Curcumin in autoimmune diseases

Several studies have demonstrated that curcumin inhibits in-
flammation in many autoimmune and inflammatory diseases such as
atherosclerosis, arthritis, experimental autoimmune neuritis and en-
cephalomyelitis ( [44].

In Rheumatoid Arthritis (RA) curcumin was found to decrease the
expression of pro-inflammatory cytokines (such as IL-1β), chemokine
(such as MCP-1), and growth-related oncogene/keratinocyte chemoat-
tractant (GRO/KC); curcumin can also decrease the gene expression of
adhesion molecules, β3 and β7 integrins, and thereby decrease joint
inflammation in RA [45].

Curcumin has been known to exert anti-inflammatory effects on
osteoarthritis through the inhibition of NF-κB and the suppression of
important regulators of inflammation such as TNF- α, IL-1β, IL-6, MCP-
1, prostaglandin E2, cyclooxygenase-II, activator protein-1, as well as
JNK, MAPK, and PI3K/Akt pathways [46].

The administration of curcumin appears beneficial for the treatment
of systemic lupus erythematosus, an inflammatory and chronic auto-
immune-mediated disease recognized by the accumulation of auto-
antibodies and immune complexes in distinct organs, elevation of au-
toreactive and inflammatory T cells, along with inappropriate rise of
plasma proinflammatory cytokines. Actually, curcumin can afford to
recover an imbalance present among T-helper cell subsets, regulatory T
cells, and dendritic cells observed in these patients [47].

3.7. Curcumin and AIDS

Because of its antioxidant, anti-inflammatory, anticancer, antiviral
and antibacterial nature, curcumin can be used for the treatment of
HIV-AIDS. The human immunodeficiency virus (HIV), a lentivirus, be-
longs to the subgroup of retrovirus and causes destruction of the im-
mune cells. The most advanced stage of HIV infection is Acquired
Immunodeficiency Syndrome (AIDS) [48]. Nowadays there is no defi-
nitive cure for HIV infection; however antiretroviral (ARV) drugs are
being used to control the viral transmission. In a 2015 study the ef-
fectiveness of curcumin in multiple steps of HIV infection and multi-
plication has been demonstrated [49]. Furthermore, in patients with
HIV, treatment with turmeric represents a promising strategy to mini-
mize side effects of antiretroviral therapy (ART) [33,50]; V. [51]; V
[52,53]. by improving lipid profile and insulin sensitivity [54].

3.8. Curcumin and its application in cancer

Cancer is one of the most common causes of death globally.
Treatment of cancer varies and typically involves surgery, radiotherapy
and chemotherapy. The use of natural products in cancer therapy is an
active area of research and curcumin is one of the most studied natural
products due to its numerous health benefits and pharmacological ef-
fects including antiproliferation, apoptosis induction, antiangiogenesis,
anti-inflammatory and antioxidant activities. In vitro studies showed a
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remarkable ability of curcumin to suppress cancer cell growth and
proliferation in several different cancer cell lines, inducing apoptosis by
inhibiting or downregulating intracellular transcription factors (Fig. 2).
These factors include NF-κB, activator protein1 (AP-1), cyclooxygenase
II (COX-2), nitric oxide synthase, matrix metalloproteinase-9 (MMP-9),
and STAT3 [55].

Several studies have shown the antitumor effects of turmeric against
ovarian cancer [56], uterine cancer [57,58] and cervical cancer [59]; B
[60,61]. Curcumin has shown a strong ability to counter prostate cancer
both in vitro and in vivo. In a 2017 study, Liu and his collaborators
treated with curcumin two prostate cancer cell lines (Du145 and
22RV1). Results were inhibition of in vitro proliferation and invasion,
and cell cycle arrest [62]. Another study revealed that curcumin in-
duced an Endoplasmic Reticulum stress-mediated apoptosis in PC3 and
promoted cell death in these cells associated with cell cycle arrest, in-
creased reactive oxygen species, autophagy [63].

Curcumin has been reported to suppress the STAT3 phosphorylation
in small cell lung cancer (SCLC); this results in inhibition of prolifera-
tion, cell cycle, migration, invasion and angiogenesis of SCLC cells [64].
More recent research has shown that turmeric exhibits cytotoxicity
even against non-small-cell lung cancer (NSCLC) by reducing mi-
tochondrial transmembrane potential and inducing ROS production (C
[65]. Through the inhibition of STAT3, curcumin also induces cell cycle
arrest of different lines of esophageal squamous cell carcinoma (ESCC)
[62].

Curcumin significantly inhibits the proliferation of various breast
cancer cell lines, such as T47D, MCF7, MDA-MB-231 and MDA-MB-468
[66] and might be a promising agent for preventing breast cancer by
attenuating formation and virulence of breast cancer stem cells
(BCSCs), primarily responsible for tumor relapse, treatment-resistance
and metastasis [67].

Curcumin showed the ability to reduce the survival of several cell
lines of thyroid carcinoma. It inhibits invasion and migration of FTC
133 cells via down-regulation of PI3K/Akt signaling pathway and in-
hibition of MMP-1, MMP-7 and cyclooxygenase-2 (COX-2) [68], sup-
presses multiple metastatic steps of BCPAP cells including attachment
and migration (L. [69], induces apoptosis of TPC1 cells through the
modulation of antiapoptotic and proapoptotic factors and proteins in-
volved in cell cycle regulation [70], reduces in vitro aggressiveness in
SW1736 and 8505C cell lines [71].

Recently, anticancer effects of turmeric have been demonstrated on
different types of leukemia, alone and in combination with che-
motherapy agents [72]. Curcumin and its metabolite, tetrahydro cur-
cumin, have potential applications in the treatment of acute myeloid
leukemia by inducing cell death through the apoptosis pathway and via
an autophagy pathway, respectively [73].

4. Curcumin bioavailability

The bioavailability of curcumin has been studied extensively in the
last three decades. Several studies have shown that curcumin is poorly
absorbed, rapidly metabolized and rapidly excreted; therefore, it has a
limited systemic bioavailability [74]. This is because curcumin is a
poorly water-soluble drug (about 11 ng/mL) and susceptible to de-
gradation, particularly under alkaline conditions (L [75]. When cur-
cumin is orally ingested, the major portion is excreted through the feces
and only small portion is absorbed within the intestine. The liver is the
main organ responsible for the metabolism of curcumin; the absorbed
curcumin suffers a rapid metabolism in the liver and plasma. Despite its
innumerable beneficial effects, curcumin has little therapeutic use due
to its poor bioavailability. The useful pharmacological properties but
poor bioavailability of curcumin have stimulated development of
technologies to improve oral delivery of the compound [76]. Among
the different strategies adopted to increase the bioavailability of cur-
cumin there is the use of adjuvants, nanoparticles, liposomes, micelles
and phospholipid complexes. The adjuvants were selected for their
ability to prevent the rapid metabolism of curcumin, interfering with
the enzymes that catalyze the metabolism of this molecule. Among the
adjuvants, a widely studied substance is piperine, a constituent of Piper
nigrum and Piper longum, which is able to increase the bioavailability
of curcumin by 20 times. Several studies have shown that the combined
use of turmeric and pepper enhances the effect of curcumin (T [77–81].

5. Conclusions

To date there are numerous studies conducted on nutraceuticals and
spices, because these substances have sparked the interest of re-
searchers for their many beneficial properties. Turmeric is considered
an important nutraceutical due to its several properties, its beneficial
effects on health and its safety. As reported in this review, a large
number of studies have been conducted to investigate the effects of
curcumin, the main constituent of turmeric, in various diseases such as
neurological, inflammatory bowel, cardiovascular and autoimmune
diseases, metabolic disorders and several types of cancer. Despite its
countless beneficial properties, curcumin has a great limitation: it has a
poor bioavailability because of its poor water solubility. More recent
researches aim to find strategies to increase oral delivery of this com-
pound; in this way the effects of turmeric can be further enhanced.
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