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Abstract: Turmeric, a spice that has long been recognized for its medicinal properties, has received
interest from both the medical/scientific world and from culinary enthusiasts, as it is the major
source of the polyphenol curcumin. It aids in the management of oxidative and inflammatory
conditions, metabolic syndrome, arthritis, anxiety, and hyperlipidemia. It may also help in the
management of exercise-induced inflammation and muscle soreness, thus enhancing recovery and
performance in active people. In addition, a relatively low dose of the complex can provide health
benefits for people that do not have diagnosed health conditions. Most of these benefits can be
attributed to its antioxidant and anti-inflammatory effects. Ingesting curcumin by itself does not lead
to the associated health benefits due to its poor bioavailability, which appears to be primarily due
to poor absorption, rapid metabolism, and rapid elimination. There are several components that
can increase bioavailability. For example, piperine is the major active component of black pepper
and, when combined in a complex with curcumin, has been shown to increase bioavailability by
2000%. Curcumin combined with enhancing agents provides multiple health benefits. The purpose
of this review is to provide a brief overview of the plethora of research regarding the health benefits
of curcumin.
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1. Introduction

Turmeric is a spice that has received much interest from both the medical/scientific worlds as
well as from the culinary world. Turmeric is a rhizomatous herbaceous perennial plant (Curcuma longa)
of the ginger family [1]. The medicinal properties of turmeric, the source of curcumin, have been
known for thousands of years; however, the ability to determine the exact mechanism(s) of action
and to determine the bioactive components have only recently been investigated [2]. Curcumin
(1,7-bis(4-hydroxy-3-methoxyphenyl)-1,6-heptadiene-3,5-dione), also called diferuloylmethane, is
the main natural polyphenol found in the rhizome of Curcuma longa (turmeric) and in others
Curcuma spp. [3]. Curcuma longa has been traditionally used in Asian countries as a medical herb
due to its antioxidant, anti-inflammatory [4], antimutagenic, antimicrobial [5,6], and anticancer
properties [7,8].

Curcumin, a polyphenol, has been shown to target multiple signaling molecules while also
demonstrating activity at the cellular level, which has helped to support its multiple health benefits [2].
It has been shown to benefit inflammatory conditions [9], metabolic syndrome [10], pain [11], and to
help in the management of inflammatory and degenerative eye conditions [12,13]. In addition, it has
been shown to benefit the kidneys [14]. While there appear to be countless therapeutic benefits to
curcumin supplementation, most of these benefits are due to its antioxidant and anti-inflammatory
effects [2,9]. Despite its reported benefits via inflammatory and antioxidant mechanisms, one of the
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major problems with ingesting curcumin by itself is its poor bioavailability [15], which appears to
be primarily due to poor absorption, rapid metabolism, and rapid elimination. Several agents have
been tested to improve curcumin’s bioavailability by addressing these various mechanisms. Most
of them have been developed to block the metabolic pathway of curcumin in order to increase its
bioavailability. For example, piperine, a known bioavailability enhancer, is the major active component
of black pepper [16] and is associated with an increase of 2000% in the bioavailability of curcumin [17].
Therefore, the issue of poor bioavailability appears to be resolved by adding agents such as piperine
that enhance bioavailability, thus creating a curcumin complex.

Curcumin is being recognized and used worldwide in many different forms for multiple potential
health benefits. For example, in India, turmeric—containing curcumin—has been used in curries; in
Japan, it is served in tea; in Thailand, it is used in cosmetics; in China, it is used as a colorant; in Korea, it
is served in drinks; in Malaysia, it is used as an antiseptic; in Pakistan, it is used as an anti-inflammatory
agent; and in the United States, it is used in mustard sauce, cheese, butter, and chips, as a preservative
and a coloring agent, in addition to capsules and powder forms. Curcumin is available in several
forms including capsules, tablets, ointments, energy drinks, soaps, and cosmetics [2]. Curcuminoids
have been approved by the US Food and Drug Administration (FDA) as “Generally Recognized As
Safe” (GRAS) [2], and good tolerability and safety profiles have been shown by clinical trials, even at
doses between 4000 and 8000 mg/day [18] and of doses up to 12,000 mg/day of 95% concentration of
three curcuminoids: curcumin, bisdemethoxycurcumin, and demethoxycurcumin [19].

It is the purpose of this review to provide a brief overview of the plethora of research regarding
the potential health benefits of curcumin. Due to the extent of the literature, we have chosen to focus on
the benefits associated with some common health conditions and on benefits in healthy people rather
than to review the extensive literature related to cancer and other disease states. For a comprehensive
review of curcumin’s effects on cancer, please see the paper by Kunnumakkara et al. 2017 [20].

2. Mechanisms of Action

2.1. Antioxidant

Antioxidant and anti-inflammatory properties are the two primary mechanisms that explain
the majority of the effects of curcumin on the various conditions discussed in this review [21,22].
Curcumin has been shown to improve systemic markers of oxidative stress [23]. There is evidence
that it can increase serum activities of antioxidants such as superoxide dismutase (SOD) [24–26].
A recent systematic review and meta-analysis of randomized control data related to the efficacy of
supplementation with purified curcuminoids on oxidative stress parameters—indicated a significant
effect of curcuminoids supplementation on all investigated parameters of oxidative stress including
plasma activities of SOD and catalase, as well as serum concentrations of glutathione peroxidase
(GSH) and lipid peroxides [23]. It is noteworthy to point out that all of the studies included in the
meta-analysis utilized some sort of formulation to overcome bioavailability challenges, and four
out of the six used piperine. Curcumin’s effect on free radicals is carried out by several different
mechanisms. It can scavenge different forms of free radicals, such as reactive oxygen and nitrogen
species (ROS and RNS, respectively) [25]; it can modulate the activity of GSH, catalase, and SOD
enzymes active in the neutralization of free radicals [21,22]; also, it can inhibit ROS-generating enzymes
such as lipoxygenase/cyclooxygenase and xanthine hydrogenase/oxidase [21]. In addition, curcumin
is a lipophilic compound, which makes it an efficient scavenger of peroxyl radicals, therefore, like
vitamin E, curcumin is also considered as a chain-breaking antioxidant [27].

2.2. Anti-Inflammatory

Oxidative stress has been implicated in many chronic diseases, and its pathological processes are
closely related to those of inflammation, in that one can be easily induced by another. In fact, it is known
that inflammatory cells liberate a number of reactive species at the site of inflammation leading to
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oxidative stress, which demonstrates the relationship between oxidative stress and inflammation [28].
In addition, a number of reactive oxygen/nitrogen species can initiate an intracellular signaling cascade
that enhances pro-inflammatory gene expression. Inflammation has been identified in the development
of many chronic diseases and conditions [10,19,29,30]. These diseases include Alzheimer’s disease
(AD), Parkinson’s disease, multiple sclerosis, epilepsy, cerebral injury, cardiovascular disease, metabolic
syndrome, cancer, allergy, asthma, bronchitis, colitis, arthritis, renal ischemia, psoriasis, diabetes,
obesity, depression, fatigue, and acquired immune deficiency syndromeAIDS [10]. Tumor necrosis
factor α (TNF-α) is a major mediator of inflammation in most diseases, and this effect is regulated by the
activation of a transcription factor, nuclear factor (NF)-κB. Whereas TNF-α is said to be the most potent
NF-κB activator, the expression of TNF-α is also regulated by NF-κB. In addition to TNF-α, NF-κB
is also activated by most inflammatory cytokines; gram-negative bacteria; various disease-causing
viruses; environmental pollutants; chemical, physical, mechanical, and psychological stress; high
glucose; fatty acids; ultraviolet radiation; cigarette smoke; and other disease-causing factors. Therefore,
agents that downregulate NF-κB and NF-κB–regulated gene products have potential efficacy against
several of these diseases. Curcumin has been shown to block NF-κB activation increased by several
different inflammatory stimuli [10]. Curcumin has also been shown to suppress inflammation through
many different mechanisms beyond the scope of this review, thereby supporting its mechanism of
action as a potential anti-inflammatory agent [10].

3. Arthritis

One such disease associated with inflammation, both chronic and acute, is osteoarthritis (OA), a
chronic joint condition. It affects over 250 million people worldwide, leading to increased healthcare
costs, impairment in activities of daily living (ADL), and ultimately decreased quality of life [31,32].
Although OA was once considered primarily a degenerative and non-inflammatory condition, it
is now recognized as having inflammatory aspects, including elevated cytokine levels, as well as
potentially being connected with systemic inflammation [33,34]. While there is no cure, there are
several pharmaceutical options for treatment; however, many are costly and have undesirable side
effects. Therefore, there is increased interest in alternative treatments including dietary supplements
and herbal remedies [35]. Several studies have shown the anti-arthritic effects of curcumin in humans
with OA and rheumatoid arthritis (RA) [36–39]. In a randomized double-blind placebo-controlled
trial, 40 subjects with mild-to-moderate degree knee OA were randomly assigned to receive either
curcuminoid (500 mg/day in three divided doses; n = 19) with 5 mg piperine added to each 500-mg
dose or a matched placebo (n = 21) for six weeks. There were significantly greater reductions in the
visual analog scale (VAS) (p < 0.001), Western Ontario and McMaster Universities Osteoarthritis Index
(WOMAC) scores (p = 0.001), and Lequesne’s pain functional index (LPFI) (p = 0.013) scores in the
treatment group compared with the placebo group. When comparing the WOMAC subscales, there
were significant improvements in the pain and physical function scores (p < 0.001), but not in the
stiffness score [40]. There was also a decrease in systemic oxidative stress, as measured via serum
activities of SOD and concentrations of reduced GSH and malonedialdehyde (MDA), in subjects
receiving the treatment as compared to the placebo [11]. These improvements were not associated with
changes in circulating cytokines. The authors suggest that the lack of changes in circulating cytokines,
despite improvements in pain, may be because in OA, inflammatory markers in the synovial fluid may
be more likely elevated than systemic markers, whereas in RA, systemic markers may be more likely to
be increased. Therefore, they suggest that is more plausible that the beneficial effects of curcuminoids
in OA are because of local anti-inflammatory effects rather than systemic effects. In addition, the time
period of supplementation may not have been long enough. In a longer (eight months) randomized
control trial, 50 subjects diagnosed with OA were assigned to receive either standard treatment
as prescribed by their physician or standard treatment plus two 500-mg tablets daily consisting of
a natural curcuminoid mixture (20%), containing phosphatidyl-choline (40%) and microcrystalline
cellulose (40%). WOMAC, physical function, and stiffness scores decreased significantly (p < 0.05) in the
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treatment group compared to the control. In addition, the treatment group showed significant decreases
in all markers of inflammation (soluble CD40 ligand(sCD40L), interleukin 1 beta (IL-1β), interleukin 6
(IL-6), soluble vascular cell adhesion molecule 1 (sVCAM-1), and erythrocyte sedimentation rate (ESR)
comparing baseline to follow-up, while the control group did not [37]. This study had both groups
maintaining standard care, which does not address the question of whether or not supplementation
with curcumin can be used instead of standard management such as nonsteroidal anti-inflammatory
drugs (NSAIDS). To address this question, 367 primary knee osteoarthritis patients with a pain score of
5 or higher were randomized to receive ibuprofen 1200 mg/day or C. domestica extracts 1500 mg/day
for four weeks. The mean of all WOMAC scores at weeks 0, 2, and 4 showed significant improvement
when compared with the baseline in both groups. After using the noninferiority test, the mean
difference (95% confidence interval) of WOMAC total, WOMAC pain, and WOMAC function scores at
week 4 adjusted by values at week 0 of C. domestica extracts were non-inferior to those for the ibuprofen
group (p = 0.010, p = 0.018, and p = 0.010, respectively), indicating that those taking the curcumin and
those taking the ibuprofen experienced the same benefits. The group taking the NSAIDS did experience
more gastrointestinal issues. This suggests that curcumin may offer an alternative to NSAIDS for
patients with OA seeking treatment but experiencing negative side effects [12]. This was supported by
results from a pilot study showing that a dose of 2 g of curcumin had an analgesic effect in subjects with
acute pain but without a diagnosis of OA. At this dose, the activity was higher than that associated
with 500 mg of acetaminophen, while a lower dose (1.5 g, 300 mg of curcumin) gave only transient
and often inadequate relief of pain, indicative of suboptimal therapeutic plasma concentrations. The
analgesic effect of the dose achieved significance only 2 h after administration, similar to that observed
for acetaminophen. In contrast, the NSAID was more rapidly acting, with the strongest pain relief
being reported one hour after administration but with significant gastrointestinalsymptoms. This
supports the use of 2 g (higher than needed for inflammation) curcumin for relief of pain as a potential
alternative to NSAIDS [41].

Regardless of the mechanism by which curcumin elicits its effects, it does appear to be beneficial
to several aspects of OA, as suggested by a recent systematic review and meta-analysis that concluded:
“This systematic review and meta-analysis provided scientific evidence that 8–12 weeks of standardized
turmeric extracts (typically 1000 mg/day of curcumin) treatment can reduce arthritis symptoms (mainly
pain and inflammation-related symptoms) and result in similar improvements in the symptoms as
ibuprofen and diclofenac sodium. Therefore, turmeric extracts and curcumin can be recommended for
alleviating the symptoms of arthritis, especially osteoarthritis” [42].

4. Metabolic Syndrome

The idea that curcumin can attenuate systemic inflammation has implications beyond arthritis,
as systemic inflammation has been associated with many conditions affecting many systems. One
such condition is Metabolic syndrome (MetS), which includes insulin resistance, hyperglycemia,
hypertension, low high-density lipoprotein cholesterol (HDL-C), elevated low-density lipoprotein
cholesterol (LDL-C), elevated triglyceride levels, and obesity, especially visceral obesity. Curcumin has
been shown to attenuate several aspects of MetS by improving insulin sensitivity [43,44], suppressing
adipogenesis [45], and reducing elevated blood pressure [46], inflammation [47], and oxidative
stress [48,49]. In addition, there is evidence that curcuminoids modulate the expression of genes
and the activity of enzymes involved in lipoprotein metabolism that lead to a reduction in plasma
triglycerides and cholesterol [50–52] and elevate HDL-C concentrations [53]. Both overweight and
obesity are linked to chronic low-grade inflammation; although the exact mechanisms are not
clear, it is known that pro-inflammatory cytokines are released. These cytokines are thought to
be at the core of the complications associated with diabetes and cardiovascular disease. Therefore,
addressing inflammation is important. In a randomized double-blind placebo-controlled trial with
a parallel-group design, 117 subjects with MetS received either 1 g curcumin plus 10 mg piperine
to increase absorption or a placebo plus 10 mg piperine for eight weeks. Within-group analysis
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revealed significant reductions in serum concentrations of TNF-α, IL-6, transforming growth factor
beta (TGF-b), and monocyte chemoattractant protein-1 ( MCP-1) following curcumin supplementation
(p < 0.001). In the placebo group, serum levels of TGF-b were decreased (p = 0.003) but those of
IL-6 (p = 0.735), TNF-α (p = 0.138), and MCP-1 (p = 0.832) were not. Between-group comparison
suggested significantly greater reductions in serum concentrations of TNF-α, IL-6, TGF-b, and MCP-1
in the curcumin versus the placebo group (p < 0.001). Apart from IL-6, changes in other parameters
remained statistically significant after adjustment for potential confounders, including changes in
serum lipids and glucose levels, as well as the baseline serum concentration of the cytokines. The results
of this study suggest that curcumin supplementation significantly decreases serum concentrations
of pro-inflammatory cytokines in subjects with MetS [11]. In addition, the study looked at the
cholesterol-lowering properties and found that curcuminoids were more effective than the placebo
in reducing serum LDL-C, non-HDL-C, total cholesterol, triglycerides, and lipoprotein a (Lp(a)), in
addition to elevating HDL-C concentrations. However, changes in serum LDL-C levels were found to
be comparable between the study groups. The effects of curcuminoids on triglycerides, non-HDL-C,
total cholesterol, and Lp(a) remained significant after adjustment for baseline values of lipids and body
mass index [54]. From the same study, the authors also reported markers of oxidative stress. There
was a significant improvement in serum SOD activities (p < 0.001) and reduced MDA (p < 0.001) and
C-reactive protein (CRP) (p < 0.001) concentrations in the group receiving the curcumin with piperine
compared to the placebo group. Their secondary purpose was to perform a meta-analysis of data from
all randomized controlled trials in order to estimate the effect size of curcuminoids on plasma CRP
concentrations. Quantitative data synthesis revealed a significant effect of curcuminoids vs. placebo
in reducing circulating CRP concentrations The authors concluded that short-term supplementation
with a curcuminoid-piperine combination significantly improves oxidative and inflammatory status
in patients with MetS. Curcuminoids could therefore be regarded as natural, safe, and effective
CRP-lowering agents [55].

Inflammatory cytokines were also measured in the above study. Mean serum IL-1β (p = 0.042),
IL-4 (p = 0.008), and vascular endothelial growth factor (VEGF) (p = 0.01) were found to be significantly
reduced by curcumin therapy. In contrast, no significant difference was observed in the concentrations
of IL-2, IL-6, IL-8, IL-10, interferon gamma(IFNγ), epidermal growth factor (EGF), and MCP-1. The
authors suggest that the findings indicate that curcumin may exert immunomodulatory effects via
altering the circulating concentrations of IL-1β, IL-4, and VEGF [56].

In a randomized double-blind placebo-controlled crossover trial, 36 obese adults received either
1 g curcumin and 10 mg piperine or a placebo for 30 days followed by a two-week washout period, after
which they received the other treatment. A significant reduction in serum triglyceride concentrations
was observed, but the treatment did not have a significant influence on serum total cholesterol, LDL-C,
HDL-C, and high-sensitivity C-reactive protein (hs-CRP) concentrations, nor on body mass index
(BMI) and body fat. The authors suggest that the short supplemental period, lack of control of diet,
and the low supplemental dose may explain why these results conflict previous reports [50].

5. Healthy People

To date, the majority of curcumin studies in humans have been in populations with existing
health problems. Perhaps this is because studies on healthy people can be challenging in that benefits
may not be as immediate and measurable if biomarkers are normal at baseline. Therefore, following
subjects over time may provide the best insight into any potential health benefits in healthy people,
although such studies can be time-consuming and costly. Making cross-comparisons between the
few studies that have been done can be difficult because studies have used varying doses, often as
high as 1 g [57,58]. It should be noted that this would be considered a high dose only because it
is higher than what most people could obtain from consuming the spice itself [49]. One study on
healthy adults aged 40–60 years used an 80 mg/day dose of a lipidated form of curcumin. Subjects
were given either curcumin (N = 19) or a placebo (N = 19) for four weeks. The treatment was 400 mg
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powder per day containing 80 mg curcumin. Blood and saliva were taken before and after the four
weeks. Curcumin significantly lowered triglyceride levels but not total cholesterol, LDL, or HDL levels.
There was a significant increase in nitrous oxide (NO) and in soluble intercellular adhesion molecule
1 (sICAM), a molecule linked to atherosclerosis. Inflammation-related neutrophil function increased,
as measured by myeloperoxidase concentration, but c-reactive protein and ceruloplasmin did not.
There was a decrease in salivary amylase activity, which can be a marker of stress, and an increase
in salivary radical scavenging capacities and plasma antioxidant enzyme catalase, but not in super
oxide dismutase or glutathione peroxidase. In addition, there was a decrease in beta amyloid plaque, a
marker of brain aging, and in plasma alanine amino transferase activities, a marker of liver injury. This
indicates that a relatively low dose of curcumin can provide health benefits for people that do not have
diagnosed health conditions [51].

In a randomized double-blind placebo-controlled trial, the acute (1 and 3 h after a single
dose), chronic (four weeks), and acute-on-chronic (1 and 3 h after single dose following chronic
treatment) effects of solid lipid curcumin formulation on cognitive function, mood, and blood
biomarkers in 60 healthy adults aged 60–85 years were examined. The curcumin formulation was
400 mg, approximately 80 mg curcumin in a solid lipid formulation with the remaining weight
comprised of commonly used pharmaceutical excipients and small amounts of other curcuminoids
present in turmeric extract. One hour after administration, curcumin significantly improved
performance on sustained attention and working memory tasks, compared with the placebo. Working
memory and mood (general fatigue and change in state calmness, contentedness, and fatigue
induced by psychological stress) were significantly better following chronic treatment. A significant
acute-on-chronic treatment effect on alertness and contentedness was also observed. Curcumin was
associated with significantly reduced total and LDL cholesterol [59].

Another study examined whether supplementation with curcumin and Boswellia serrata (BSE)
gum resin for three months could affect plasma levels of markers of oxidative stress, inflammation, and
glycation in 47 male healthy master cyclists. All subjects were instructed to follow a Mediterranean
diet with 22 subjects receiving a placebo and 25 receiving 50 mg of turmeric, corresponding to 10 mg
of curcumin, as well as 140 mg of Boswellia extract, corresponding to 105 mg of Boswellia acid for
12 weeks. There was a positive effect observed on glycoxidation and lipid peroxidation in healthy
male master athletes [60]. This study indicates the potential for combining curcumin with other agents
to achieve health benefits.

Perhaps another challenge to interpreting studies on healthy people is determining the definition
of healthy, especially when considering that people who do not have an official diagnosis may still
participate in activities or experience situations whereby they challenge their daily physiological
homeostasis. For example, an exercise routine that one is not used to can cause inflammation, oxidative
challenges, and resulting soreness. In a recent study, 28 healthy subjects that did not participate
in resistance training were randomly assigned to receive either curcumin (400 mg/day) for two
days before and four days after participating in an eccentric exercise designed to induce muscle
soreness. Curcumin supplementation resulted in significantly smaller increases in creatine kinase (CK)
(−48%), TNF-α (−25%), and IL-8 (−21%) following exercise compared to the placebo. No significant
differences in IL-6, IL-10, or quadriceps muscle soreness between conditions were observed. The
findings demonstrated that the consumption of curcumin reduced biological inflammation, but not
subjective quadriceps muscle soreness during recovery from exercise. This may help to decrease
recovery time, thus improving performance during subsequent exercise sessions [61].

In a similar randomized placebo-controlled single-blind pilot trial, 20 male healthy, moderately
active volunteers were randomized to receive either 1 g curcumin twice daily (200 mg curcumin twice
a day ) or a placebo 48 h prior to and 24 h after a downhill running test. Subjects in the curcumin
group reported significantly less pain in the right and left anterior thigh. Significantly fewer subjects
in the curcumin group had MRI evidence of muscle injury in the posterior or medial compartment
of both thighs. Increases in markers of muscle damage and inflammation tended to be lower in the
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curcumin group, but significant differences were only observed for interleukin-8 at 2 h after exercise.
No differences in markers of oxidative stress and muscle histology were observed. These results further
support that curcumin may be beneficial to attenuate exercise-induced muscle soreness (DOMS) [62].

A study by Delecroix et al. offers further support. They reported that 2 g of curcumin and 20 g of
piperine supplementation can help offset some of the physiological markers of muscle soreness after
an intense workout in elite rugby players [63].

In addition to acute physical stresses, humans may also suffer from periods of anxiety or
depression which are sub clinical, but may still benefit from treatments that can decrease the symptoms.
In a randomized double blind cross-over trial, 30 obese adults received curcuminoids (1 g/day) or
a placebo for 30 days, and then after a two-week washout period, crossed over to the alternate
regimen. The curcumin was a 500-mg C3 Complex® (standardized powder extract obtained from
Alleppey finger turmeric containing a minimum 95% concentration of three curcuminoids: curcumin,
bisdemethoxycurcumin, and demethoxycurcumin) plus 5 mg bioperine® per serving to enhance
absorption. Beck Anxiety Inventory (BAI) and Beck Depression Inventory (BDI) scales were filled out
for each participant at baseline and after four, six, and 10 weeks of supplementation. Mean BAI score
was found to be significantly reduced following curcumin therapy (p = 0.03). However, curcumin
supplementation did not exert any significant impact on BDI scores. This study suggests that curcumin
has a potential anti-anxiety effect in otherwise healthy obese people [64].

6. Side Effects

Curcumin has a long established safety record. For example, according to JECFA (The Joint
United Nations and World Health Organization Expert Committee on Food Additives) and EFSA
(European Food Safety Authority) reports, the Allowable Daily Intake (ADI) value of curcumin is
0–3 mg/kg body weight [65]. Several trials on healthy subjects have supported the safety and efficacy
of curcumin. Despite this well-established safety, some negative side effects have been reported. Seven
subjects receiving 500–12,000 mg in a dose response study and followed for 72 h experienced diarrhea,
headache, rash, and yellow stool [19]. In another study, some subjects receiving 0.45 to 3.6 g/day
curcumin for one to four months reported nausea and diarrhea and an increase in serum alkaline
phosphatase and lactate dehydrogenase contents [66].

7. Conclusions

Curcumin has received worldwide attention for its multiple health benefits, which appear to act
primarily through its anti-oxidant and anti-inflammatory mechanisms. These benefits are best achieved
when curcumin is combined with agents such as piperine, which increase its bioavailability significantly.
Research suggests that curcumin can help in the management of oxidative and inflammatory conditions,
metabolic syndrome, arthritis, anxiety, and hyperlipidemia. It may also help in the management
of exercise-induced inflammation and muscle soreness, thus enhancing recovery and subsequent
performance in active people. In addition, a relatively low dose can provide health benefits for people
that do not have diagnosed health conditions.

Author Contributions: Susan J. Hewlings and Douglas S. Kalman equally contributed to the background research,
writing, and reviewing of this manuscript.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Priyadarsini, K.I. The chemistry of curcumin: From extraction to therapeutic agent. Molecules 2014, 19,
20091–20112. [CrossRef] [PubMed]

2. Gupta, S.C.; Patchva, S.; Aggarwal, B.B. Therapeutic Roles of Curcumin: Lessons Learned from Clinical
Trials. AAPS J. 2013, 15, 195–218. [CrossRef] [PubMed]

http://dx.doi.org/10.3390/molecules191220091
http://www.ncbi.nlm.nih.gov/pubmed/25470276
http://dx.doi.org/10.1208/s12248-012-9432-8
http://www.ncbi.nlm.nih.gov/pubmed/23143785


Foods 2017, 6, 92 8 of 11

3. Aggarwal, B.B.; Kumar, A.; Bharti, A.C. Anticancer potential of curcumin: Preclinical and clinical studies.
Anticancer Res. 2003, 23, 363–398. [PubMed]

4. Lestari, M.L.; Indrayanto, G. Curcumin. Profiles Drug Subst. Excip. Relat. Methodol. 2014, 39, 113–204.
[PubMed]

5. Mahady, G.B.; Pendland, S.L.; Yun, G.; Lu, Z.Z. Turmeric (Curcuma longa) and curcumin inhibit the growth of
Helicobacter pylori, a group 1 carcinogen. Anticancer Res. 2002, 22, 4179–4181. [PubMed]

6. Reddy, R.C.; Vatsala, P.G.; Keshamouni, V.G.; Padmanaban, G.; Rangarajan, P.N. Curcumin for malaria
therapy. Biochem. Biophys. Res. Commun. 2005, 326, 472–474. [CrossRef] [PubMed]

7. Vera-Ramirez, L.; Perez-Lopez, P.; Varela-Lopez, A.; Ramirez-Tortosa, M.; Battino, M.; Quiles, J.L. Curcumin
and liver disease. Biofactors 2013, 39, 88–100. [CrossRef] [PubMed]

8. Wright, L.E.; Frye, J.B.; Gorti, B.; Timmermann, B.N.; Funk, J.L. Bioactivity of turmeric-derived curcuminoids
and related metabolites in breast cancer. Curr. Pharm. Des. 2013, 19, 6218–6225. [CrossRef] [PubMed]

9. Aggarwal, B.B.; Harikumar, K.B. Potential therapeutic effects of curcumin, the anti-inflammatory agent,
against neurodegenerative, cardiovascular, pulmonary, metabolic, autoimmune and neoplastic diseases.
Int. J. Biochem. Cell Biol. 2009, 41, 40–59. [CrossRef] [PubMed]

10. Panahi, Y.; Hosseini, M.S.; Khalili, N.; Naimi, E.; Simental-Mendia, L.E.; Majeed, M.; Sahebkar, A. Effects of
curcumin on serum cytokine concentrations in subjects with metabolic syndrome: A post-hoc analysis of a
randomized controlled trial. Biomed. Pharmacother. 2016, 82, 578–582. [CrossRef] [PubMed]

11. Kuptniratsaikul, V.; Dajpratham, P.; Taechaarpornkul, W.; Buntragulpoontawee, M.; Lukkanapichonchut, P.;
Chootip, C.; Saengsuwan, J.; Tantayakom, K.; Laongpech, S. Efficacy and safety of Curcuma domestica
extracts compared with ibuprofen in patients with knee osteoarthritis: A multicenter study. Clin. Interv. Aging
2014, 9, 451–458. [CrossRef] [PubMed]

12. Mazzolani, F.; Togni, S. Oral administration of a curcumin-phospholipid delivery system for the treatment of
central serous chorioretinopathy: A 12-month follow-up study. Clin. Ophthalmol. 2013, 7, 939–945. [CrossRef]
[PubMed]

13. Allegri, P.; Mastromarino, A.; Neri, P. Management of chronic anterior uveitis relapses: Efficacy of oral
phospholipidic curcumin treatment. Long-term follow-up. Clin. Ophthalmol. 2010, 4, 1201–1206. [CrossRef]
[PubMed]

14. Trujillo, J.; Chirino, Y.I.; Molina-Jijón, E.; Andérica-Romero, A.C.; Tapia, E.; Pedraza-Chaverrí, J.
Renoprotective effect of the antioxidant curcumin: Recent findings. Redox Biol. 2013, 1, 448–456. [CrossRef]
[PubMed]

15. Anand, P.; Kunnumakkara, A.B.; Newman, R.A.; Aggarwal, B.B. Bioavailability of curcumin: Problems and
promises. Mol. Pharm. 2007, 4, 807–818. [CrossRef] [PubMed]

16. Han, H.K. The effects of black pepper on the intestinal absorption and hepatic metabolism of drugs.
Expert Opin. Drug Metab. Toxicol. 2011, 7, 721–729. [CrossRef] [PubMed]

17. Shoba, G.; Joy, D.; Joseph, T.; Majeed, M.; Rajendran, R.; Srinivas, P.S. Influence of piperine on the
pharmacokinetics of curcumin in animals and human volunteers. Planta Med. 1998, 64, 353–356. [CrossRef]
[PubMed]

18. Basnet, P.; Skalko-Basnet, N. Curcumin: An anti-inflammatory molecule from a curry spice on the path to
cancer treatment. Molecules 2011, 16, 4567–4598. [CrossRef] [PubMed]

19. Lao, C.D.; Ruffin, M.T.; Normolle, D.; Heath, D.D.; Murray, S.I.; Bailey, J.M.; Boggs, M.E.; Crowell, J.;
Rock, C.L.; Brenner, D.E. Dose escalation of a curcuminoid formulation. BMC Complement. Altern. Med. 2006,
6, 10. [CrossRef] [PubMed]

20. Kunnumakkara, A.B.; Bordoloi, D.; Harsha, C.; Banik, K.; Gupta, S.C.; Aggarwal, B.B. Curcumin mediates
anticancer effects by modulating multiple cell signaling pathways. Clin. Sci. 2017, 131, 1781–1799. [CrossRef]
[PubMed]

21. Lin, Y.G.; Kunnumakkara, A.B.; Nair, A.; Merritt, W.M.; Han, L.Y.; Armaiz-Pena, G.N.; Kamat, A.A.;
Spannuth, W.A.; Gershenson, D.M.; Lutgendorf, S.K.; et al. Curcumin inhibits tumor growth and
angiogenesis in ovarian carcinoma by targeting the nuclear factor-κB pathway. Clin. Cancer Res. 2007,
13, 3423–3430. [CrossRef] [PubMed]

22. Marchiani, A.; Rozzo, C.; Fadda, A.; Delogu, G.; Ruzza, P. Curcumin and curcumin-like molecules: From
spice to drugs. Curr. Med. Chem. 2014, 21, 204–222. [CrossRef] [PubMed]

http://www.ncbi.nlm.nih.gov/pubmed/12680238
http://www.ncbi.nlm.nih.gov/pubmed/24794906
http://www.ncbi.nlm.nih.gov/pubmed/12553052
http://dx.doi.org/10.1016/j.bbrc.2004.11.051
http://www.ncbi.nlm.nih.gov/pubmed/15582601
http://dx.doi.org/10.1002/biof.1057
http://www.ncbi.nlm.nih.gov/pubmed/23303639
http://dx.doi.org/10.2174/1381612811319340013
http://www.ncbi.nlm.nih.gov/pubmed/23448448
http://dx.doi.org/10.1016/j.biocel.2008.06.010
http://www.ncbi.nlm.nih.gov/pubmed/18662800
http://dx.doi.org/10.1016/j.biopha.2016.05.037
http://www.ncbi.nlm.nih.gov/pubmed/27470399
http://dx.doi.org/10.2147/CIA.S58535
http://www.ncbi.nlm.nih.gov/pubmed/24672232
http://dx.doi.org/10.2147/OPTH.S45820
http://www.ncbi.nlm.nih.gov/pubmed/23723686
http://dx.doi.org/10.2147/OPTH.S13271
http://www.ncbi.nlm.nih.gov/pubmed/21060672
http://dx.doi.org/10.1016/j.redox.2013.09.003
http://www.ncbi.nlm.nih.gov/pubmed/24191240
http://dx.doi.org/10.1021/mp700113r
http://www.ncbi.nlm.nih.gov/pubmed/17999464
http://dx.doi.org/10.1517/17425255.2011.570332
http://www.ncbi.nlm.nih.gov/pubmed/21434835
http://dx.doi.org/10.1055/s-2006-957450
http://www.ncbi.nlm.nih.gov/pubmed/9619120
http://dx.doi.org/10.3390/molecules16064567
http://www.ncbi.nlm.nih.gov/pubmed/21642934
http://dx.doi.org/10.1186/1472-6882-6-10
http://www.ncbi.nlm.nih.gov/pubmed/16545122
http://dx.doi.org/10.1042/CS20160935
http://www.ncbi.nlm.nih.gov/pubmed/28679846
http://dx.doi.org/10.1158/1078-0432.CCR-06-3072
http://www.ncbi.nlm.nih.gov/pubmed/17545551
http://dx.doi.org/10.2174/092986732102131206115810
http://www.ncbi.nlm.nih.gov/pubmed/23590716


Foods 2017, 6, 92 9 of 11

23. Sahebkar, A.; Serbanc, M.C.; Ursoniuc, S.; Banach, M. Effect of curcuminoids on oxidative stress: A systematic
review and meta-analysis of randomized controlled trials. J. Funct. Foods 2015, 18, 898–909. [CrossRef]

24. Banach, M.; Serban, C.; Aronow, W.S.; Rysz, J.; Dragan, S.; Lerma, E.V.; Apetrii, M.; Covic, A. Lipid, blood
pressure and kidney update 2013. Int. Urol. Nephrol. 2014, 46, 947–961. [CrossRef] [PubMed]

25. Menon, V.P.; Sudheer, A.R. Antioxidant and anti-inflammatory properties of curcumin. Adv. Exp. Med. Biol.
2007, 595, 105–125. [PubMed]

26. Panahi, Y.; Alishiri, G.H.; Parvin, S.; Sahebkar, A. Mitigation of systemic oxidative stress by curcuminoids in
osteoarthritis: Results of a randomized controlled trial. J. Diet. Suppl. 2016, 13, 209–220. [CrossRef] [PubMed]

27. Priyadarsini, K.I.; Maity, D.K.; Naik, G.H.; Kumar, M.S.; Unnikrishnan, M.K.; Satav, J.G.; Mohan, H. Role of
phenolic O-H and methylene hydrogen on the free radical reactions and antioxidant activity of curcumin.
Free Radic. Biol. Med. 2003, 35, 475–484. [CrossRef]

28. Biswas, S.K. Does the Interdependence between Oxidative Stress and Inflammation Explain the Antioxidant
Paradox? Oxid. Med. Cell. Longev. 2016, 2016, 5698931. [CrossRef] [PubMed]

29. Jurenka, J.S. Anti-inflammatory properties of curcumin, a major constituent of Curcuma longa: A review of
preclinical and clinical research. Altern. Med. Rev. J. Clin. Ther. 2009, 14, 141–153.

30. Recio, M.C.; Andujar, I.; Rios, J.L. Anti-inflammatory agents from plants: Progress and potential. Curr. Med.
Chem. 2012, 19, 2088–2103. [CrossRef] [PubMed]

31. Hunter, D.J.; Schofield, D.; Callander, E. The individual and socioeconomic impact of osteoarthritis.
Lancet Nat. Rev. Rheumatol. 2014, 10, 437–441. [CrossRef] [PubMed]

32. Vos, T.; Barber, R.M.; Bell, B.; Bertozzi-Villa, A.; Biryukov, S.; Bolliger, I.; Charlson, F.; Davis, A.;
Degenhardt, L.; Dicker, D.; et al. Global, regional, and national incidence, prevalence, and years lived
with disability for 301 acute and chronic diseases and injuries in 188 countries, 1990–2013: A systematic
analysis for the Global Burden of Disease Study. Lancet 2013, 386, 743–800. [CrossRef]

33. Goldring, M.B. Osteoarthritis and cartilage: The role of cytokines. Curr. Rheumatol. Rep. 2000, 2, 459–465.
[CrossRef] [PubMed]

34. Rahimnia, A.R.; Panahi, Y.; Alishiri, A.; Sharafi, M.; Sahebkar, A. Impact of supplementation with
curcuminoids on systemic inflammation in patients with knee osteoarthritis: Findings from a randomized
double-blind placebo-controlled trial. Drug Res. 2015, 65, 521–525. [CrossRef] [PubMed]

35. Sahebkar, A. Molecular mechanisms for curcumin benefits against ischemic injury. Fertil. Steril. 2010, 94,
e75–e76. [CrossRef]

36. Henrotin, Y.; Priem, F.; Mobasheri, A. Curcumin: A new paradigm and therapeutic opportunity for the
treatment of osteoarthritis: Curcumin for osteoarthritis management. SpringerPlus 2013, 2, 56. [CrossRef]
[PubMed]

37. Belcaro, G.; Cesarone, M.R.; Dugall, M.; Pellegrini, L.; Ledda, A.; Grossi, M.G.; Togni, S.; Appendino, G.
Product-evaluation registry of Meriva®, a curcumin-phosphatidylcholine complex, for the complementary
management of osteoarthritis. Panminerva Med. 2010, 52, 55–62. [PubMed]

38. Belcaro, G.; Hosoi, M.; Pellegrini, L.; Appendino, G.; Ippolito, E.; Ricci, A.; Ledda, A.; Dugall, M.;
Cesarone, M.R.; Maione, C.; et al. A controlled study of a lecithinized delivery system of curcumin (meriva®)
to alleviate the adverse effects of cancer treatment. Phytother. Res. 2014, 28, 444–450. [CrossRef] [PubMed]

39. Chandran, B.; Goel, A. A randomized, pilot study to assess the efficacy and safety of curcumin in patients
with active rheumatoid arthritis. Phytother. Res. 2012, 26, 1719–1725. [CrossRef] [PubMed]

40. Panahi, Y.; Rahimnia, A.R.; Sharafi, M.; Alishiri, G.; Saburi, A.; Sahebkar, A. Curcuminoid treatment for
knee osteoarthritis: A randomized double-blind placebo-controlled trial. Phytother. Res. 2014, 28, 1625–1631.
[CrossRef] [PubMed]

41. Francesco, D.P.; Giuliana, R.; Eleonora, A.D.M.; Giovanni, A.; Federico, F.; Stefano, T. Comparative evaluation
of the pain-relieving properties of a lecithinized formulation of curcumin (Meriva®), nimesulide, and
acetaminophen. J. Pain Res. 2013, 6, 201–205. [CrossRef]

42. Daily, J.W.; Yang, M.; Park, S. Efficacy of turmeric extracts and curcumin for alleviating the symptoms of
ioint arthritis: A Systematic review and meta-snalysis of randomized clinical trials. J. Med. Food 2016, 19,
717–729. [CrossRef] [PubMed]

http://dx.doi.org/10.1016/j.jff.2015.01.005
http://dx.doi.org/10.1007/s11255-014-0657-6
http://www.ncbi.nlm.nih.gov/pubmed/24573394
http://www.ncbi.nlm.nih.gov/pubmed/17569207
http://dx.doi.org/10.3109/19390211.2015.1008611
http://www.ncbi.nlm.nih.gov/pubmed/25688638
http://dx.doi.org/10.1016/S0891-5849(03)00325-3
http://dx.doi.org/10.1155/2016/5698931
http://www.ncbi.nlm.nih.gov/pubmed/26881031
http://dx.doi.org/10.2174/092986712800229069
http://www.ncbi.nlm.nih.gov/pubmed/22414101
http://dx.doi.org/10.1038/nrrheum.2014.44
http://www.ncbi.nlm.nih.gov/pubmed/24662640
http://dx.doi.org/10.1016/S0140-6736(15)60692-4
http://dx.doi.org/10.1007/s11926-000-0021-y
http://www.ncbi.nlm.nih.gov/pubmed/11123098
http://dx.doi.org/10.1055/s-0034-1384536
http://www.ncbi.nlm.nih.gov/pubmed/25050518
http://dx.doi.org/10.1016/j.fertnstert.2010.07.1071
http://dx.doi.org/10.1186/2193-1801-2-56
http://www.ncbi.nlm.nih.gov/pubmed/23487030
http://www.ncbi.nlm.nih.gov/pubmed/20657536
http://dx.doi.org/10.1002/ptr.5014
http://www.ncbi.nlm.nih.gov/pubmed/23775598
http://dx.doi.org/10.1002/ptr.4639
http://www.ncbi.nlm.nih.gov/pubmed/22407780
http://dx.doi.org/10.1002/ptr.5174
http://www.ncbi.nlm.nih.gov/pubmed/24853120
http://dx.doi.org/10.2147/JPR.S42184
http://dx.doi.org/10.1089/jmf.2016.3705
http://www.ncbi.nlm.nih.gov/pubmed/27533649


Foods 2017, 6, 92 10 of 11

43. Na, L.X.; Li, Y.; Pan, H.Z.; Zhou, X.L.; Sun, D.J.; Meng, M.; Li, X.X.; Sun, C.H. Curcuminoids
exert glucose-lowering effect in type 2 diabetes by decreasing serum free fatty acids: A double-blind,
placebo-controlled trial. Mol. Nutr. Food Res. 2013, 57, 1569–1577. [CrossRef] [PubMed]

44. Chuengsamarn, S.; Rattanamongkolgul, S.; Luechapudiporn, R.; Phisalaphong, C.; Jirawatnotai, S. Curcumin
extract for prevention of type 2 diabetes. Diabetes Care 2012, 35, 2121–2127. [CrossRef] [PubMed]

45. Bradford, P.G. Curcumin and obesity. Biofactors 2013, 39, 78–87. [CrossRef] [PubMed]
46. Hlavackova, L.; Janegova, A.; Ulicna, O.; Janega, P.; Cerna, A.; Babal, P. Spice up the hypertension

diet—Curcumin and piperine prevent remodeling of aorta in experimental L-NAME induced hypertension.
Nutr. Metab. 2011, 8, 72. [CrossRef] [PubMed]

47. Sahebkar, A. Are curcuminoids effective C-reactive protein-lowering agents in clinical practice? Evidence
from a meta-analysis. Phytother. Res. 2013, 28, 633–642. [CrossRef] [PubMed]

48. Ak, T.; Gulcin, I. Antioxidant and radical scavenging properties of curcumin. Chem. Biol. Interact. 2008, 174,
27–37. [CrossRef] [PubMed]

49. Sahebkar, A.; Mohammadi, A.; Atabati, A.; Rahiman, S.; Tavallaie, S.; Iranshahi, M.; Akhlaghi, S.; Ferns, G.A.;
Ghayour-Mobarhan, M. Curcuminoids modulate pro-oxidant-antioxidant balance but not the immune
response to heat shock protein 27 and oxidized LDL in obese individuals. Phytother. Res. 2013, 27, 1883–1888.
[CrossRef] [PubMed]

50. Mohammadi, A.; Sahebkar, A.; Iranshahi, M.; Amini, M.; Khojasteh, R.; Ghayour-Mobarhan, M.; Ferns, GA.
Effects of supplementation with curcuminoids on dyslipidemia in obese patients: A randomized crossover
trial. Phytother. Res. 2013, 27, 374–379. [CrossRef] [PubMed]

51. DiSilvestro, R.A.; Joseph, E.; Zhao, S.; Bomser, J. Diverse effects of a low dose supplement of lipidated
curcumin in healthy middle-aged people. Nutr. J. 2012, 11, 79. [CrossRef] [PubMed]

52. Sahebkar, A. Curcuminoids for the management of hypertriglyceridaemia. Nat. Rev. Cardiol. 2014, 11, 123.
[CrossRef] [PubMed]

53. Soni, K.B.; Kuttan, R. Effect of oral curcumin administration on serum peroxides and cholesterol levels in
human volunteers. Indian J. Physiol. Pharmacol. 1992, 36, 273–275. [PubMed]

54. Panahi, Y.; Khalili, N.; Hosseini, M.S.; Abbasinazari, M.; Sahebkar, A. Lipid-modifying effects of adjunctive
therapy with curcuminoids-piperine combination in patients with metabolic syndrome: Results of a
randomized controlled trial. Complement. Ther. Med. 2014, 22, 851–857. [CrossRef] [PubMed]

55. Panahi, Y.; Hosseini, M.S.; Khalili, N.; Naimi, E.; Simental-Mendia, L.E.; Majeed, M.; Sahebkar, A. Antioxidant
and anti-inflammatory effects of curcuminoid-piperine combination in subjects with metabolic syndrome:
A randomized controlled trial and an updated meta-analysis. Clin. Nutr. 2015, 34, 1101–1108. [CrossRef]
[PubMed]

56. Ganjali, S.; Sahebkar, A.; Mahdipour, E.; Jamialahmadi, K.; Torabi, S.; Akhlaghi, S.; Ferns, G.;
Parizadeh, S.M.R.; Ghayour-Mobarhan, M. Investigation of the effects of curcumin on serum cytokines in
obese individuals: A randomized controlled trial. Sci. World J. 2014, 2014, 898361. [CrossRef] [PubMed]

57. Strimpakos, A.; Sharm, R. Curcumin: Preventive and therapeutic properties in laboratory studies and clinical
trials. Food Chem. Toxicol. 2008, 10, 511–545. [CrossRef] [PubMed]

58. Epstein, J.; Sanderson, I.; Macdonald, T. Curcumin as a therapeutic agent: The evidence from in vitro, animal
and human studies. Br. J. Nutr. 2010, 103, 1545–1557. [CrossRef]

59. Cox, K.H.; Pipingas, A.; Scholey, A.B. Investigation of the effects of solid lipid curcumin on cognition and
mood in a healthy older population. J. Psychopharmacol. 2015, 29, 642–651. [CrossRef] [PubMed]

60. Chilelli, N.C.; Ragazzi, E.; Valentini, R.; Cosma, C.; Ferraresso, S.; Lapolla, A.; Sartore, G. Curcumin and
Boswellia serrata modulate the glyco-oxidative status and lipo-oxidation in master sthletes. Nutrients 2016,
8, 745. [CrossRef] [PubMed]

61. McFarlin, B.K.; Venable, A.S.; Henning, A.L.; Sampson, J.N.; Pennel, K.; Vingren, J.L.; Hill, D.W. Reduced
inflammatory and muscle damage biomarkers following oral supplementation with bioavailable curcumin.
BBA Clin. 2016, 5, 72–78. [CrossRef] [PubMed]

62. Drobnic, F.; Riera, J.; Appendino, G.; Togni, S.; Franceschi, F.; Valle, X.; Pons, A.; Tur, J. Reduction of delayed
onset muscle soreness by a novel curcumin delivery system (Meriva®): A randomised, placebo-controlled
trial. J. ISSN 2014, 11, 31. [CrossRef] [PubMed]

http://dx.doi.org/10.1002/mnfr.201200131
http://www.ncbi.nlm.nih.gov/pubmed/22930403
http://dx.doi.org/10.2337/dc12-0116
http://www.ncbi.nlm.nih.gov/pubmed/22773702
http://dx.doi.org/10.1002/biof.1074
http://www.ncbi.nlm.nih.gov/pubmed/23339049
http://dx.doi.org/10.1186/1743-7075-8-72
http://www.ncbi.nlm.nih.gov/pubmed/22005253
http://dx.doi.org/10.1002/ptr.5045
http://www.ncbi.nlm.nih.gov/pubmed/23922235
http://dx.doi.org/10.1016/j.cbi.2008.05.003
http://www.ncbi.nlm.nih.gov/pubmed/18547552
http://dx.doi.org/10.1002/ptr.4952
http://www.ncbi.nlm.nih.gov/pubmed/23494802
http://dx.doi.org/10.1002/ptr.4715
http://www.ncbi.nlm.nih.gov/pubmed/22610853
http://dx.doi.org/10.1186/1475-2891-11-79
http://www.ncbi.nlm.nih.gov/pubmed/23013352
http://dx.doi.org/10.1038/nrcardio.2013.140-c1
http://www.ncbi.nlm.nih.gov/pubmed/24395048
http://www.ncbi.nlm.nih.gov/pubmed/1291482
http://dx.doi.org/10.1016/j.ctim.2014.07.006
http://www.ncbi.nlm.nih.gov/pubmed/25440375
http://dx.doi.org/10.1016/j.clnu.2014.12.019
http://www.ncbi.nlm.nih.gov/pubmed/25618800
http://dx.doi.org/10.1155/2014/898361
http://www.ncbi.nlm.nih.gov/pubmed/24678280
http://dx.doi.org/10.1089/ars.2007.1769
http://www.ncbi.nlm.nih.gov/pubmed/18370854
http://dx.doi.org/10.1017/S0007114509993667
http://dx.doi.org/10.1177/0269881114552744
http://www.ncbi.nlm.nih.gov/pubmed/25277322
http://dx.doi.org/10.3390/nu8110745
http://www.ncbi.nlm.nih.gov/pubmed/27879642
http://dx.doi.org/10.1016/j.bbacli.2016.02.003
http://www.ncbi.nlm.nih.gov/pubmed/27051592
http://dx.doi.org/10.1186/1550-2783-11-31
http://www.ncbi.nlm.nih.gov/pubmed/24982601


Foods 2017, 6, 92 11 of 11

63. Delecroix, B.; Abaïdia, A.E.; Leduc, C.; Dawson, B.; Dupont, G. Curcumin and piperine supplementation
and recovery following exercise induced muscle damage: A randomized controlled trial. J. Sports Sci. Med.
2017, 16, 147–153. [PubMed]

64. Esmaily, H.; Sahebkar, A.; Iranshahi, M.; Ganjali, S.; Mohammadi, A.; Ferns, G.; Ghayour-Mobarhan, M.
An investigation of the effects of curcumin on anxiety and depression in obese individuals: A randomized
controlled trial. Chin. J. Integr. Med. 2015, 21, 332–338. [CrossRef] [PubMed]
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