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of cardiovascular diseases (CVD) and type 2 diabetes mellitus (T2DM) (2). MetS affects about a 
quarter of the global adult population (3). The prevalence of MetS is usually similar to that of two 
of its components: obesity and diabetes mellitus (DM) (4). According to the World Health Organi-
sation (WHO), in 2016, about 1.9 billion adults aged 18 years and above were overweight while 
about 650 million were obese (5). The picture is not much different in children as the WHO report 
also indicated that about 40 million children were either overweight or obese (5). Similarly, the 
global prevalence of DM has been projected to rise to 642 million by 2040 from an approximate 
value of 415 million in 2015 (6). These scenarios call for serious concern especially since morbid-
ity and mortality due to MetS are significant.
     This alarming rise in the prevalence of MetS has been closely linked to interactions between 
genetic, epigenetic and environmental factors such as increased consumption of high calorie diets 
and sedentary lifestyles (7). Although prevention is key to controlling MetS, current management 
protocols revolve around lifestyle modifications and drug treatment for the individual components 
of the syndrome. Currently, there is no therapeutic agent that can singly be used for the treatment 
of all the components of MetS (8). In addition to numerous side effects, the drugs used are usually 
not readily available and affordable in resource poor societies like most rural areas of Nigeria (9). 
Consequently, natural plant-derived products are increasingly being used as complementary and/
or alternative agents due to their safety and affordability (10). Curcumin, the so called “golden 
spice” has demonstrated beneficial therapeutic activity against the different components of MetS 
and is therefore a strong candidate for possible development into a single agent in the treatment 
of the syndrome. In this review, we highlight the anti-MetS activities of curcumin and bring forth 
evidence to support its possible development into a single broad spectrum anti-MetS agent.

lobally, metabolic syndrome (MetS) is currently an epidemic that affects all age groups (1).
The major outcome of MetS, a complex of cardio-metabolic risk markers, is the development  G

Curcumin (Figure 1) is a bioactive phytopolyphenol isolated from the rhizome of Curcuma longa, 
commonly known as turmeric and it is the major component of medicinal turmeric responsible for 
its brilliant coloration (11). The other curcuminoids present in turmeric are demethoxycurcumin, 
bisdemethoxycurcumin and cyclocurcumin (12). Curcumin [1,7-bis (4-hydroxy-3-methoxyphenyl)-
1,6-heptadiene-3,5-dione] is a lipophilic polyphenol that exerts a wide range of pharmacological 
activities and has been a subject of research for more than two centuries (13, 14).
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Despite the rising global prevalence of metabolic syndrome (MetS), a collection of cardio-metabolic 
risk factors that predispose individuals who have them to the development of cardiovascular disease 
and type 2 diabetes mellitus, its management is still based on the treatment of the different risk factors. 
There is currently no single therapeutic agent that is used for the concurrent treatment of all the risk 
factors. The current push for the use of natural products in the management of diseases has inspired 
research into the beneficial effects of many plant products. Curcumin is a bioactive curcuminoid from 
the rhizomes of turmeric (Curcuma longa) that has been shown to possess anti-obesity, anti-diabetic, 
hypolipidaemic and anti-hypertensive properties amongst others. These properties are closely linked 
to the ability of curcumin to act on several molecular targets in the body to bring about its effects. 
Considering these anti-MetS activities of curcumin, it holds promise as a potential therapeutic agent 
for the holistic treatment of the syndrome.
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Pharmacokinetics of curcumin

Several studies on the structural chemistry of curcu-
min have demonstrated its ability to exist in two taut-
omeric forms: keto and enol (15), which both exert 
biological activities including antioxidant (16), anti-
inflammatory (17) and anti-cancer (18) properties 
among others. Despite the wide array of reported
pharmacological activities of curcumin, the major pro-
blem with its usage is poor bioavailability (13, 19). 
Upon administration, curcumin is rapidly metabolised 
and biotransformed in the liver and subsequently exc-
reted in the faeces (20). Its poor bioavailability is larg-
ely due to its very efficient first-pass metabolism, poor 
absorption from the GIT, intestinal metabolism and 
rapid excretion (21). To further confound the bioavai-
lability problems of curcumin, its metabolites that 
result from conjugation and glucuronidation have been 
found to be biologically inactive in some studies (22). 
When ingested orally, curcumin is either sulphated or 
it undergoes glucuronidation into curcumin sulphate 
or curcumin glucuronide(23, 24). An intravenous or 
intraperitoneal administration of curcumin results in its
reduction to tetra-, hexa- or octa-hydrocurcumin (23, 
24). Additionally, studies investigating the concentra-
tion of curcumin in the serum or other tissues following 
its administration revealed absent or low concentrat-
ions of curcumin and its metabolites (24, 25).
    Curcumin is unstable at alkaline pH and when irra-
diated with ultraviolet and visible light (26) and it 
breaks down to form degradation products. The degr-
adation products of curcumin which include ferulic 
acid, dihydroferulic acid and vanillin have been demo-
nstrated to have similar beneficial effects as curcumin 
and may thus contribute to its pharmacological activi-
ties (24, 27). These degradation products have also
been shown to preferentially inhibit certain enzymes 
such as cyclooxygenase-1 and cyclooxygenase-2 
when compared to curcumin itself (24, 27). Further-
more, curcumin also exhibits poor solubility in aque-
ous solutions but is soluble in organic solvents such 
as dimethyl sulfoxide, ethanol and acetone (24). 
Whereas the hydrophobic nature of curcumin and its 
poor solubility contributes to its poor bioavailability
(23), the degradation products of curcumin are free of 
these handicaps and therefore exhibit more bioavaila-
bility (24). It is, therefore, safe to assert that the poor 
bioavailability and solubility of curcumin are compen
sated for, by the pharmacological activity of its degra
dation products. Curcumin's poor bioavailability may 
also be the reason for its administration in relatively 
high doses (28, 29). 

Biological targeting; an epigenetic influence of 
curcumin

Curcumin exerts its biological activities by interacting 
with and modulating the expression and functions of 
a wide range of targets associated with several signal-
ling pathways (11, 15). It is thought that curcumin's 
ability to interact with its targets is made possible via
epigenetic regulation (30). In this regard, curcumin has 
been found to be a DNA hypomethylating agent by its 

ability to inhibit deoxyribonucleic acid methyltransfe-
rase-1 (DNMT-1) (31), inhibit histone deacetylase
(HDAC) (32) and regulate micro-RNA (33). By these 
epigenetic properties, curcumin plays a role in the 
selection or repression of genes and therefore sele-
ctively modulates several signalling pathways that 
are associated with different lifestyle diseases (15, 
34). Some of the important molecular targets of cur-
cumin include transcription factors such as peroxi-
some proliferator-activated receptor gamma (PPARγ), 
sterol regulatory element binding protein-2 (SREBP-2) 
and nuclear factor-kappa B (NF-kB) (35, 36). 
Curcumin also targets adipokines, inflammatory 
mediators, growth factors, kinases, enzymes and 
several receptors (16, 37).
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Anti-metabolic syndrome properties of curcumin

Curcumin, the active component of turmeric, fondly 
referred to as “the golden spice” has been used in folk 
medicine for the prevention and treatment of many 
disease conditions. Most of the folkloric claims have 
been verified scientifically and will be presented in this
section.

Anti-obesity and hypolipidaemic properties of
curcumin

The potential therapeutic benefits of curcumin in the 
treatment of obesity and its associated complications 
have been extensively researched. A persistent low-
grade proinflammatory state has been linked with the
pathophysiology of obesity (38, 39). In addition to 
serving as a valuable energy store, fat tissue also 
performs important endocrine functions via the prod-
uction and release of adipocytokines such as adipo-
nectin, leptin, resistin and PAI (38, 39). White adipose 
tissue also secretes inflammatory cytokines such as 
tumour necrosis factor (TNF), interleukins (1 and 6) 
and monocyte chemotactic protein-1 (MCP-1) which 
are very important in inflammation, insulin resistance 
and obesity (38, 40). Curcumin has been found to 
downregulate the expression of these pro-inflammatory
adipocytokines (41, 42) but increases the expression 
of adiponectin messenger ribonucleic acid (mRNA) 
via its action on PPARγ and suppression of NF-kB 
pathway (43). Through its suppressive action on the
activity of these proinflammatory cytokines, curcumin 
prevents the development of obesity by arresting and 
reversing symptoms linked to obesity such as insulin 
resistance and hyperglycaemia (40).

    When curcumin, 500mg.kg-1 of diet was administe-
red for 12 weeks to 4-week-old male C57BL/6 mice 
that were fed a high-fat diet, it prevented the high fat 
diet-induced weight gain, significantly reduced serum 
cholesterol concentration and downregulated the exp-
ression of two key transcription factors for adipogene-
sis and lipogenesis- PPARγ and CCAAT/enhancer 
binding protein alpha (CCAAT/EBPα) (29). In the in 
vitro component of their experiment, 3T3- L1 (mouse 
embryonic fibroblasts) cells were infused with curcumin 
dissolved in dimethyl sulfoxide (concentrations ranging 
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from 5 - 20μmol/L) and this resulted in suppressed
adipocyte differentiation, adipokine-induced angioge-
nesis and induced adipocyte apoptosis (29). Shao 
and colleagues (44) fed a 4g.kg-1 diet of curcumin to 
high fat-fed male C57BL/6J mice for 28 weeks to inv-
estigate the lipogenic and anti-inflammatory effects of 
curcumin in a model of insulin resistance and obesity.
Curcumin was found to inhibit the expression of sterol 
regulatory element-binding protein-1c (SREBP-1c) and 
carbohydrate-responsive element-binding protein 
(ChREBP) in the liver and inhibit the high fat-induced 
inflammatory response in the adipocytes without stim-
ulating the Wnt signalling pathway in mature adipocy-
tes (44).

    When the Wnt signalling pathway is activated, it
increases the levels of α-catenin in the nucleus and 
cytoplasm resulting in the repression of adipogenesis 
(45). Similarly, the inhibition of the Wnt signalling path-
way is required for the induction of PPARγ and pre
adipocyte differentiation (45). Curcumin was found to
suppress adipocyte differentiation in 3T3-L1 preadi-
pocytes by suppressing mitogen-activated protein 
kinase (MAPK) and stimulating the Wnt/β-catenin sig-

-1nalling pathway (46). Curcumin, 40 or 80mg.kg  
daily administered to 6-week-old male C57BL/6 mice 
via oral gavage for 12 weeks prevented the high fat 
diet-induced weight gain and hepatic steatosis; and 
also improved insulin sensitivity and serum lipid levels 
(47). SREBPs are transcription factors that regulate 
the expression of genes responsible for lipid metabolism 
in the liver and adipose tissues (48). Curcumin inhibits 
SREBPs and consequently inhibits the biosynthesis 
of lipids including cholesterol and fatty acids (47).

    In an in vitro study, curcumin was found to enhance 
the expression of genes associated with a brown fat 
phenotype such as the uncoupling protein 1 (UCP1) 
and subsequently induced browning of 3T3-L1 cells 
and primary white adipocytes (49). Curcumin 0.1% 
(w/w) was supplemented in a 45% high-fat diet and 
fed to 4-week-old male Sprague Dawley rats for 8 
weeks. The intervention resulted in reduced serum 
and hepatic triglycerides, total cholesterol, LDL-c and 
atherogenic index (50). The authors speculated that 
the upregulation of the hepatic CYP7A1 mRNA they 
observed in the rats could be responsible for the
hypocholesterolaemic activity of curcumin (50).
In a randomised crossover trial in obese patients, 1g

-1.day  of curcuminoids resulted in reduced serum 
triglycerides but did not have a significant impact on 
the lipid profile and BMI of the participants (51).

    A randomized controlled trial of forty-four patients 
demonstrated the efficacy of bioavailable curcumin in 
enhancing weight loss and triggering reductions in 
body fat and waist circumference (52). To further 
affirm these findings, a meta-analysis of twenty-one
randomized clinical trials revealed that the administ-
ration of curcumin to obese MetS patients significantly 
correlated with suppressed weight gain, BMI, waist 
circumference and leptin levels and increased adipo-
nectin levels (53). Adiponectin, a marker of reduced

tissue inflammation, is also a regulator of insulin sen-
sitivity and is repeatedly reported to be increased foll-
owing the administration of curcumin (54). Following 
a meta-analysis of fifteen randomized trials, curcumin 
was also reported to play its antioxidative and anti-
inflammatory roles by significantly reducing the levels 
of IL-6, high-sensitivity C-reactive protein and MDA (55).

Antidiabetic property of curcumin

Diabetes mellitus is a chronic endocrine disorder char-
acterised by a high blood glucose concentration (56). 
It has been established that oxidative stress and infla-
mmatory cytokines are central to the pathogenesis of 
diabetes mellitus (57). The antioxidant and anti-infla-
mmatory properties, therefore, position curcumin as a
promising candidate in the treatment of diabetes and/
or its complications (58). Since curcumin exerts its bio-
logical activity through several biochemical targets, it 
interacts with receptors in the liver (59), skeletal muscle 
(60), adipose tissues (61) and pancreatic â-cells (62, 
63) to bring about its antihyperglycaemic action. Thou-
gh Ghazimodi and co-workers in a sixweek double-
blind randomized trial demonstrated no improvement 
in the oxidative balance of MetS patients receiving 

-11g.day  of curcumin (64), another randomised double
blind placebo-controlled trial involving T2DM patients, 
reported that curcumin at 1g daily (coadministered with 
10mg of piperine to enhance absorption) for 8 weeks 
increased the total antioxidant capacity and reduced 
the malondialdehyde (65) levels in patients (66). Aside 
bioavailability, the varied duration of these studies can 
account for the distinct findings between the two trials. 
Nevertheless, a recent meta-analysis further confirmed 
the prooxidant and anti-peroxidative effect of curcumin
across four randomized clinical trials (67).

    Curcumin improved the glycaemic status and insulin 
sensitivity of high-fat-fed male C57BL/6J (wild-type 
and ob/ob) mice that were fed 3% by weight admixture 
of curcumin (61). Curcumin was also found to improve 
glucose tolerance and atherosclerosis induced by a 
high-fat high cholesterol diet in LDL knock out mice

-1(LDLR -/-) that were administered 100mg.kg  of cur-
cumin in 0.5% carboxymethyl cellulose for 16 weeks 

-1(68). Curcumin-enriched yoghurt (500mg.kg  body 
mass) administered for 15 days to 6-week-old male 
streptozotocin (STZ)-induced diabetic Wistar rats 
improved their glucose tolerance and insulin sensitivity 
(69). The authors associated these curcumin actions
with increased phosphorylation of the serinethreonine
kinase (Akt) and translocation of GLUT4 transporters 
in skeletal muscles (69). In another study, Chougala, 
Bhaskar (70) administered a diet containing 0.5% 
curcumin to STZ-induced diabetic male Wistar rats. 
Diabetic rats that received curcumin showed a decre-
ased fasting blood glucose (FBG), decreased urine
glucose and urine volume (70). Curcumin solution in 

-1doses of 200, 100 and 500mg.k g  administered to STZ-
induced Wistar rats reduced FBG, free fatty acids 
(FFAs) and increased serum superoxide dismutase 
(48) levels (28).
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Type 1 diabetes mellitus is an autoimmune disease 
that destroys the β-cells of the pancreas (71). Curcu-
min with its antioxidant and antiinflammatory proper-
ties was found promising in preventing the T-cell me-
diated autoimmunity by preventing leucocyte infiltra-
tion of the pancreas and thus, preserving β-cell func-
tion (72). Curcumin impaired T-cell proliferation and
interferon- γ production reduced NF-kB activation in 
T-cells and inhibited the T-cell stimulation of dendritic 
cells leading to reduced antigen-presenting cell activ-
ity (72). Curcumin has also been found to exert ben-
eficial biological activity against several complications 
of diabetes (73). For example, curcumin has been
shown to have reno-protective (74), cardioprotective 
(75, 76) and antiatherosclerotic (77) properties in dia-
betes. Curcumin also induced angiogenesis and reli-
eved hindlimb ischaemia in a diabetic mouse model 
(78). Additionally, topical application of curcumin in 
type 1 diabetic rats promoted skin wound healing (79, 
80). Erectile dysfunction is one of the frequently occ-
urring complications of diabetes mellitus (81). Curcu-
min protected Zucker diabetic rats from the erectile
dysfunction associated with diabetes mellitus (82). 
Curcumin was also found to be useful in treating dia-
betic retinopathy in STZ-induced diabetic rats by in-
hibiting the activity of calcium-dependent protein kin-
ase and thus attenuating the vascular leakage asso-
ciated with the condition (83). Cerebral infarction is 
another major complication of diabetes mellitus (84).
Curcumin was found to improve diabetes associated
cerebral infarction by enhancing the expression of 
GLUT1 and GLUT3 in patients, following middle cer-
ebral artery surgery (85).

The hepatoprotective property of curcumin

The liver is a key organ in the body which performs 
numerous functions including firstpass metabolism, 
detoxification of drugs and toxins, production and st-
orage of proteins and hepato-biliary excretion (86). 
The liver is frequently affected in MetS, resulting in 
nonalcoholic fatty liver disease which has been des-
cribed as its (MetS) hepatic manifestation (87). Cur-
cumin has been shown to possess antisteatotic (88) 
and anti-fibrotic effects in the liver (65, 89) and there-
fore protects the liver from the consequences of MetS.

    In a rat model of dimethylnitrosamine (DMN) indu-
ced liver cirrhosis using 8-week-old Sprague Dawley 

-1rats, curcumin, 100mg.kg  attenuated liver fibrosis (90)
and could thus be considered as a potential agent to 
stop the progression of liver damage in cirrhosis. Cur-
cumin, 200mg.kg-1 body mass also relieved carbon 
tetrachloride (CCl4)-induced liver injury in adult male 
C57BL/6 mice (91). A hydroalcoholic extract of cur-
cumin at dose ranges from 30-120mg.kg -1 body mass 
for 21 days reversed the cadmium-induced elevation 
of liver enzymes (AST, ALT and ALP) in adult male 
Wistar rats (92). Additionally, nanocurcumin has illu-
strated hepatoprotective effects by significantly enh-
ancing the total antioxidant capacity, mitochondrial 
viability, SOD and catalase activity in rats subjected to

aluminium phosphide induced toxicity (93). Such nano-
formulations of curcumin, when combined with aero-
bic exercise, have been recently reported to elicit a 
greater reduction of fat levels and inflammation am-
ongst female patients with MetS (94). These nano-
formulations of curcumin are believed to exert better 
effects than curcumin due to the improved solubility 
and bioavailability.

Anti-hypertensive/cardiovascular-protective
properties of curcumin

Globally, cardiovascular diseases (CVD) remain the 
leading cause of morbidity and mortality (95). The 
complex cardio-metabolic risk correlates of MetS pre-
dispose the individual to the development of CVD (96). 
Curcumin has been found in several studies to exhibit 
antihypertensive and cardiovascular-protective acti-
vities and thus has the potential for use in the treat-
ment of cardiovascular diseases. For example, in two 
separate Institute of Cancer Research (ICR) mouse 
models of cadmiuminduced hypertension and vasc-
ular dysfunction, 50 and 100mg.kg -1 curcumin (97) 
and 50 and 100mg.kg -1 of tetrahydrocurcumin (98)
administered every other day and concurrently with 
cadmium were found to normalise blood pressure 
and improve vascular function, thus, remodelling the 
hypertrophic aortic wall and oxidative status of the 
mice (97, 98). In another study using spontaneously 
hypertensive rats, curcumin was shown to lower blood 
pressure and improve the histopathological changes 
in the coronary arteries (99). The anti-hypertensive 
and cardiovascular protective effects of curcumin are 
thought to be exerted via its antioxidant activity and 
by increasing the availability of nitric oxide (100).

Toxicity of curcumin

Though natural products have the advantage of being 
less toxic than orthodox medicines, some plants and 
plant products have shown toxic effects in humans 
and animals (101). Curcumin, however, has a very 
high safety index and has been classified as a “Gen-
erally Regarded As Safe” (GRAS) compound by the 
United States Food and Drug Administration (FDA) 
(11, 102, 103). In humans, Lao and colleagues (104)
conducted a dose-escalation study to determine the 
safety of a single dose of curcumin and foundma ma-
ximum tolerated dose to be between 8-12g per day. 
Though it is difficult to achieve single doses higher 
than 8g due to the large quantity of the powder invo-
lved (105). In rats, chronic administration of doses 

-1as high as 1.8g.kg  daily for 90 days has been rep-
orted without any adverse consequences (103). 
However, hepatotoxicity was reported in female 
Swiss mice (106) but not Wistar rats (107) that were 
fed with whole turmeric for 14 days (0.2-5%). Notably, 
prolonged feeding with 5% whole turmeric for 90 days 
resulted in a reduction in body and liver masses, and 
hepatotoxicity in the rats (107).
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Conclusion

With its wide range of beneficial effects against the 
individual components of MetS, curcumin could be 
harnessed for utilisation as a single broad-spectrum 
agent for the treatment of the syndrome. It is evident 
from in vivo and clinical trials that curcumin achieves 
suppression of MetS majorly by its antioxidant and 
anti-inflammatory effects. Its efficacy against the com-
ponents of MetS is present at pharmacologically safe 
and non-toxic doses. Thus, curcumin could be stand-
ardised and formulated into a single agent capable 
of treating all the components of the syndrome con-
currently.
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