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The prevalence of obesity has steadily increased around the world over the past three decades. Polyphenols can

be considered nutraceuticals and food supplements recommended for different syndromes. Polyphenols are a

class of naturally occurring phytochemicals, some of which have been shown to modulate the physiological and

molecular pathways involved in energy metabolism. Polyphenols could act in the stimulation of β-oxidation, in the

inhibition of the differentiation of adipocytes, in counteracting oxidative stress, etc.

polyphenols  obesity  antioxidants  oxidative stress

1. Actions of some polyphenols

Curcumin (Figure 1) is the most bioactive polyphenol in Curcuma longa, a plant usually consumed as a spice in

India and other Asian states. It has been used for thousands of years in an Ayurveda medicine, which means

"science of long life", and the earliest records of turmeric as a useful medicine date back to 3000 BC. Curcumin

exerts several biological functions, including antioxidant, anti-inflammatory and anti-angiogenesis , in various

organs, including adipose tissue . There is substantial evidence on the efficacy of curcumin in stimulating β-

oxidation, inhibiting fatty acid synthesis and reducing fat accumulation .

Figure 1. The major sources of curcumin and its chemical structure (keto form).
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A number of preclinical and clinical investigations have shown the beneficial effect of curcumin in attenuating body

weight gain, improving insulin sensitivity, and preventing diabetes development . Unlike the studies on the

effects of curcumin in cells or animals, studies on obese subjects are limited. The first clinical trial using curcumin

for obesity treatment was conducted by Mohammadi et al. . In this study, obese subjects were treated with a

commercial formulation of curcumin (1 g/day) supplemented with a bioavailability enhancer, piperine, for a month.

Although there were no changes in weight, BMI, or body fat, serum triglyceride levels were significantly decreased

after curcumin treatment, indicating the improvement of insulin actions  (Table 1). In another randomized study,

Ganjali and Sahebkar showed that 30-day treatment of curcumin (500 mg/day) reduced serum levels of

inflammatory cytokines IL-1β and IL-4 of obese individuals , indicating the anti-inflammatory activity of curcumin

in obesity therapy. Moreover, oral curcumin supplementation (1 g/day for 30 days) was effective in reducing

oxidative stress burden in obese individuals [67]. A randomized control trial conducted by Di Pierro et al. ,

among overweight people affected by metabolic syndrome, showed the ability of curcumin to reduce weight and

omental adipose tissue. Curcumin supplementation had beneficial effects on body mass index, waist

circumference, hip circumference, high-density lipoprotein levels, and triglyceride/high-density lipoprotein ratio in

overweight and obese female adolescents  (Table 1).

Table 1.  Anti-obesity actions of curcumin, quercetin, and resveratrol.
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POLYPHENOL Human Trials Effects References
*

Curcumin Randomized, double-blind,
placebo-controlled, crossover trial

30 obese individuals
30-day treatment of curcumin (1 g/day)

= Weight, BMI, % of Body fat
↓ TG

Randomized crossover trial
30 obese individuals

30-day treatment of curcumin
1 g/day for 4 weeks

↓ Serum levels of VEGF
↓ IL-1 β  e IL-4

Randomized double-blind placebo-
controlled

cross-over trial
30 obese individuals

Curcumin supplementation
(1 g/day for 30 days)

↓ Oxidative stress burden

Randomized, controlled study.
44 overweight subjects
30 days with curcumin

↑ Weight loss
↓↓ % of Body fat

↑ Waistline reduction
↓↓ Hip circumference

↓↓ BMI

Randomized placebo-controlled clinical
trial

60 Overweight and obese female

↓ BMI
↓ Waist circumference
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* Anti-obesity human studies. IL: InterLeukin; BMI: Body Mass Index; TG: TriGlyceride; LDL: High Density

Lipoprotein; VEGF: Vascular Endothelial Growth Factor.

Overall, these research studies show that curcumin applies anti-obesity and anti-inflammatory actions in part

through adipose tissue, by decreasing adiposity, lipid storage, and enhancing lipid oxidation . Although curcumin

has been used in clinical trials, its multifaceted pharmacological nature, its pharmacokinetics, and its side effects in

obesity therapy need to be carefully investigated. The recommended maximum daily usage of curcumin is 1 mg/kg

body weight by a joint report of the World Health Organization (WHO) and the Food and Agriculture Organization

. Moreover, a few studies showed that the chronic use of curcumin can cause some upset . Recent studies

suggest that the metabolic effects of curcumin are linked to changes in the gut microbiota. However, research into

curcumin continues to provide novel insights into metabolic regulation that may ultimately translate into effective

therapy .

Quercetin (Figure 2) is one of the major flavonoids, and one of the most potent antioxidants of plant origin. It is

found in many foods, including vegetables, such as onions, garlic, and ginger, fruit, such as apples, and wine.

Although many in vitro and in vivo studies focused on the beneficial effects of quercetin in obesity, there are only a

limited number of human studies and clinical trials that have been performed to evaluate the effects of quercetin on

obesity treatment . A study evaluated the effects of taking quercetin in overweight obese subjects with

various apolipoprotein E genotypes; the quercetin (150 mg/day/subject) decreased the waist circumference and

triacylglycerol concentration . Quercetin supplementation improved some risk factors of cardiovascular disease,

yet exerted slightly pro-inflammatory effects . One hundred and sixty-two milligrams per day quercetin

supplementation lowers ambulatory blood pressure in overweight-to-obese patients, suggesting a cardio protective

effect of this polyphenol  (Table 1).

POLYPHENOL Human Trials Effects References
*

adolescents.
500 mg tablet per day (95% curcumin)

↓ Hip circumference
↓ LDL

Quercetin

Double-blind crossover study
overweight-obese subjects

150 mg/d quercetin for 8 weeks

↓ Waist circumference↓
Postprandial systolic
blood pressure ↓ TG

Double-blinded, placebo-controlled
cross-over trial

70 Overweight-to-obese subjects
162 mg/d quercetin

6-week treatment periods

↓ Ambulatory blood pressure

Resveratrol

Randomized double-blind crossover
study

11 obese men
150 mg/day resveratrol for 30 days

↓ Insulin, Plasma Fatty Acids,
↓ TG, Glucose, Leptin

11 healthy obese men
30 days (150 mg resveratrol/day)

↓ Adipocyte size
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Figure 2. Chemical structure and major sources of quercetin.

Although quercetin suppressed oxidative stress in obese animal models, Shanely et al. reported that quercetin has

no effect on oxidative stress and antioxidant (500 or 1000 mg/day/subject for 12 weeks) in obese subjects .

Currently, a clinical trial that is still under phase II stage investigation, is investigating whether quercetin changes

the absorption of glucose by the body in obese subjects . Future research needs to further investigate the

bioactive effects and bioavailability of quercetin.

Resveratrol (RE) (Figure 3) is a polyphenolic phytoalexin found in over 70 plant species and is highly concentrated

in the skin of red grapes. Tea, berries, pomegranates, nuts, blueberries, and dark chocolate contain this polyphenol

at varying concentrations . RE exhibit a plethora of therapeutic benefits, including anti-inflammatory and

antioxidant . RE was discovered to be an activator of sirtuin 1, an important molecular target regulating cellular

energy metabolism and mitochondrial homeostasis. An important target of RE is adenosine monophosphate-

activated protein kinase (AMPK), suggesting that it can play a role in regulating energy homeostasis; by activating

AMPK, RE exerts a lipid-lowering effect. RE has potential anti-obesity effects by inhibiting differentiation and

decreasing proliferation of adipocytes, decreasing lipogenesis, and promoting lipolysis and β-oxidation .
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Figure 3. Chemical structure and major sources of resveratrol.

While the effects of RE have been widely studied in animal models , few clinical studies have been

performed, and the results are inconclusive. Moreover, contrary to the substantial preclinical findings of beneficial

metabolic effects of RE in an obesity or inflammation setting, the outcome of human clinical trials of resveratrol

effects on obesity-related morbidities have been inconsistent. In a cross-over study, Timmers et al. showed that

150 mg/day of RE treatment increased energy expenditure, reduced serum inflammatory markers, and decreased

adipose tissue lipolysis and plasma fatty acid and glycerol levels of obese men . In another study, Konings et al.

investigated the effects of 30 days RE treatment (150 mg/day) on the adipocyte size and gene expression patterns

in obese men. The authors found that RE treatment decreased the size of abdominal subcutaneous adipocytes 

(Table 1). Some beneficial effects have also been observed in some clinical trials, although many discrepancies

and conflicting information exist . Arzola-Paniagua et al.  observed not significant decreases in BMI, waist

circumference, fat mass, triglycerides, leptin, and leptin/adiponectin ratio in obese individual’s treated with

resveratrol therapy. RE treatment did not improve inflammatory status, glucose homeostasis, blood pressure, nor

hepatic lipid content in middle-aged men with metabolic syndrome. On the contrary, it significantly increased total

cholesterol and LDL cholesterol . RE is used combined with other phytochemicals, too. For example, twelve

weeks of combined epigallocatechin-3-gallate and RE supplementation increased mitochondrial capacity and

stimulated fat oxidation in obese humans .

However, another report showed that high levels of RE supplementation treatment had no effect on energy

expenditure, adipose tissue content, and metabolic events. A clinical trial by Poulsen et al. did not seem to support

the anti-obesity potential of RE in obese men; no effect was seen on blood pressure, resting energy expenditure,

oxidation rates of lipid, ectopic or visceral fat content, or inflammatory and metabolic biomarkers . It has been
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observed that RE presents a dose–response hormesis in the biological models in which it has been tested,

affecting several outcomes with medical and therapeutic significance .

Evidence from these limited clinical studies combined with the results from in vitro and animal studies indicate that

potential anti-obesity effects of RE may be achieved through dietary supplementation. The differing results could be

due to the variable doses selected in the assays and to the different clinical backgrounds of the study subjects.

However, the optimal doses and study period for the anti-obesity potential of RE remain to be determined .

2. Actions of Some Polyphenolic-Food

More numerous are the clinical studies in which the anti-obesity effect of extracts of polyphenolic foods is analyzed.

Many foods, such as apples, blueberries, gooseberries, grape seeds, kiwi, strawberries, green tea, red wine, beer,

cacao liquor, chocolate, and cocoa, are rich in polyphenols. The effects of green tea extract (GTE) on obesity have

received increasing attention. GTE is rich in polyphenols, including epigallocatechin-gallate (EGCG), epicatechin,

epigallocatechin, and epicatechin-gallate: a 2-g bag of green tea contains about 500 mg of catechins . Since the

1990s, green tea is seen as a natural herb that can enhance energy expenditure and fat oxidation, thereby

inducing weight loss. In a double-blind study, 46 obese patients received either 379 mg of green tea extract. Three

months of GTE supplementation resulted in decreases in body mass index, waist circumference, levels of total

cholesterol, low-density cholesterol, and triglyceride. Increases in total antioxidant levels and serum concentrations

of zinc and magnesium were also observed. These findings demonstrated that green tea could influence the body’s

mineral status, and they showed the beneficial effects of green tea extract supplementation on body mass index,

lipid profile, and total antioxidant status in patients with obesity . In another study, 12 weeks of treatment with

high-dose GTE resulted in significant weight loss, reduced waist circumference, and a consistent decrease in total

cholesterol and LDL plasma levels without any side effects or adverse effects in women with obesity. The

antiobesity mechanism of high-dose green tea extract might be associated in part with ghrelin secretion inhibition,

leading to increased adiponectin levels . Results of randomized, controlled intervention trials have shown that

consumption of GTE (270 mg to 1200 mg/day) may reduce body weight and fat . Almost all of the studies

conducted with Asian subjects have shown positive results about the anti-obesity effects of tea extract; on the other

hand, studies with Caucasian subjects reported mixed results . There are several proposed mechanisms

whereby GTE may influence body weight and composition. Green tea also contains caffeine, and there is probably

a synergistic action between the different molecules. The fact that an EGCG–caffeine mixture stimulates energy

expenditure cannot be completely attributed to its caffeine content because the thermogenic effect of an EGCG–

caffeine mixture is greater than that of an equivalent amount of caffeine . The predominating hypothesis is that

GTE influences sympathetic nervous system activity, increasing energy expenditure and promoting the oxidation of

fat. Other potential mechanisms include modifications in appetite, up-regulation of enzymes involved in hepatic fat

oxidation, and decreased nutrient absorption .

In conclusion, cellular and animal studies have shown that dietary supplementation with green tea extract is a

potentially viable nutritional strategy for the prevention of obesity. However, the efficacy of green tea remains
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unclear . The low bioavailability of GTE along with potential confounders may have contributed to the

inconsistent outcome of human studies . Human trials of course have greater reproducibility difficulties. The

discrepancies among the studies employing green tea may be due to the varieties of study designs, the length of

study, age and gender of subjects, the ethnicity of subjects, the formulations of green tea supplement, and the

presence or absence of weight control factors (i.e., caffeine, exercise, low-caloric diet). While few epidemiological

and clinical studies show the health benefits of EGCG on obesity, the mechanisms of its actions are emerging

based on the various laboratory data. These mechanisms may be related to certain pathways, such as through the

modulations of energy balance, endocrine systems, food intake, lipid and carbohydrate metabolism, the redox

status, and activities of different types of cells (i.e., fat, liver, muscle, and beta-pancreatic cells) .

Citrus fruits and their juices are natural sources of many bioactive compounds, such as flavonoids and carotenoids,

and their properties, such as antioxidant power, derives from these molecules, too . Particularly, grapefruit and

bergamot are rich in citrus flavonoids, including naringenin, hesperitin, nobiletin, and tangeretin, which have

emerged as potential therapeutics for the treatment of metabolic deregulation . In obese humans, 1/2 grapefruit

(49 mg naringenin) three times daily for 8 to 12 weeks reduced body weight and waist circumference .

Improvements were observed in circulating lipids, with total cholesterol and low-density lipoprotein significantly

decreasing . Grapefruit should be further evaluated in the context of obesity and cardiovascular disease

prevention.

Orange juice consumption can promote lower levels of oxidative stress and inflammation due to the antioxidant

activity of citrus flavonoids, too. Red orange juice was effective in reducing metabolic markers and inflammatory

markers in human subjects , but it does not inhibit weight loss. It ameliorated the insulin sensitivity, lipid profile

, and inflammatory status, as well as contributes nutritionally to the quality of the diet . The authors suggest

the consumption of freshly squeezed orange juice, without added sugars, as part of a controlled diet in obese

women; the combination with increasing physical activity for maintaining a healthy body weight through healthier

food choices could improve the comorbidities related to the obesity .

It is opportune encouraging the consumption of whole fruits and replacing packaged fruit juices with fresh fruit

juices or plain water, as part of a broader set of dietary strategies to reduce total dietary energy intake in adult

populations.

The apple is rich in polyphenols, such as hydroxycinnamic acids, flavonols, dihydrochalcones, and anthocyanidins;

the 22% of the dietary phenolic ingested comes from the apples. Daily consumption of apple for 4 weeks increased

antioxidant enzymes in an elderly population, likely because of the presence of flavonoids . Apples are

associated with decreased risk of obesity in children according to the National Health and Nutrition Examination

Survey (2003–2010) . Dried apple can be recommended as a snack for overweight and obese children thanks to

its high-fiber and polyphenol content . Thirty-eight overweight or obese children consumed 120 kcal serving per

day of either dried apple or a control snack (muffin) for 8 weeks; high-density lipoprotein cholesterol concentration

increased within the apple group. Some intervention clinical trials with an apple juice showed a significant reduction
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in body fat mass but not in body weight, BMI, nor waist circumference . Future research should evaluate the

effects of consuming fresh apples that include the peel .

The  onion  is rich in quercetin. A study showed that 12-week of onion extract intake decreased body weight,

percentage of body fat, and BMI of 10 female students . The consumption of onion peel extract improves

endothelial function in healthy overweight and obese individuals . Moreover, Lee et al. demonstrated that

onion (100 mg/day/subject) significantly decreased the total body fat, particularly in the percentage of fat in the

arm, and decreased the BMI of overweight or obese subjects .

Soybean  (Glycine max), an East Asian legume, has been approved as a health-promoting food because of its

effects in prevention of metabolic disorders, such as hyperlipidemia, cardiovascular diseases, and type 2 diabetes

. These beneficial effects are supposed to be exerted by constituents, such as unsaturated fats, fiber, the

high content of protein, and isoflavones . Isoflavones, i.e., genistein, daidzen, and glycetin, have comparable

chemical structures to endogenous estrogens and are believed to interact with intracellular estrogen receptors,

which results a possible action in decreases in lipids accumulation and adipose distribution. Both animal and

human studies have shown the effect of dietary soy on weight control and prevention of obesity . Studies have

revealed that isoflavones are involved in the inhibition of adipogenesis and lipogenesis by interrelating with several

transcription factors and upstream signaling molecules . Although the biological mechanisms that cause the

actions of soy isoflavones and numerous effects remain unknown, it is noteworthy that isoflavones exhibit

pleiotropic properties in the human body to control metabolism and balance, which may potentially inhibit and treat

obesity . Various studies show a role of soy in improving health; it causes a decrease in cholesterol,

triglycerides, and adiposity, it acts on improving inflammatory response and defense against cancer, osteoporosis,

and menopause. Positive soybean actions on inflammation have been reported; soy extract constrain secretion of

inflammatory cytokines (TNF-α, MCP-1, and IL-6) and decrease the inflammatory responses in adipocytes .

Eighty-seven obese postmenopausal women took soy extract daily, corresponded to 80 mg of isoflavones. After 6

months, serum leptin and TNF-alpha levels declined, and a significant increase of serum levels of adiponectin was

detected . Soy-isoflavones studies showed that this extract may reduce body mass index in women, especially

in dosages <100 mg/d and in intervention periods of 2–6 mo. In addition,, a trend for reduced BMI after their

consumption was observed in Caucasians. Overall, results showed that soy-isoflavones extract may have different

impacts on weight status . Overweight human subjects were treated with black soybean extract. This

randomized clinical study showed reduction in abdominal fat, cholesterol, triacylglycerol, and LDL levels, with

decreasing TNF-α and MCP-1 levels . Studies in obesity models have demonstrated that dietary soy-isoflavones

significantly reduced body weight and fat pad weight. It was shown that sterol regulatory element-binding protein 1

SREBP1 transcription factor expression and its other target genes (acetyl-coenzyme A carboxylase, ATP-citrate

lyase, and FASN) were reduced by soy isoflavones. Overall, available studies prove that soy-isoflavones decrease

adiposity and inflammation, by decreasing lipogenesis, adipogenesis, and improving lipid clearance; they are

capable of decreasing oxidative stress and may contribute in metabolic enhancements in obesity.

The search for polyphenolic extracts with antiobesity activity is always active, always new phytochemicals are

proposed. Artemisia princeps, the Korean mugwort, is a common edible plant native to Korea, Japan, and China. In
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Western and African folk medicine, several species of the genus  Artemisia  are used for their claimed healing

properties and for the cure of specific ailments. The early in vitro antiobesity-effects  of Artemisia could be due to

the presence of active compounds, such as terpenes, steroids, and saponins, and also the active ingredients, such

as tannins and flavonoids . Physalis alkekengi, also referred to as ground cherry, is an indigenous herb in Iran

and many other regions of Asia such as China. Preliminaries studies have reported presence of several active

compounds, including secosteroids called physalins, and flavonoids . Single compounds found in Physalis

alkekengi should be studied separately to identify the main compound exerting in vivo antiobesity properties .

Persimmon (Diospyros kaki) fruit is native to China, and its cultivation extends to other part of East Asia, including

Japan, where it is very popular, and it has high proanthocyanidin-type content . Persimmon fruits possess high

levels of dietary fiber, vitamin C, catechin, and gallocatechin ; they exert beneficial effects on obesity by

inhibiting adipogenesis and reducing lipid synthesis and accumulation by regulation of lipid-related transcription

factors in the white adipose tissue of obese mice .
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