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Abstract: Nowadays the global tendency towards physical activity reduction and an 

augmented dietary intake of fats, sugars and calories is leading to a growing propagation of 

overweight, obesity and lifestyle-related diseases, such diabetes, hypertension, dyslipidemia 

and metabolic syndrome. In particular, obesity, characterized as a state of low-level 

inflammation, is a powerful determinant both in the development of insulin resistance and 

in the progression to type 2 diabetes. A few molecular targets offer hope for anti-obesity 

therapeutics. One of the keys to success could be the induction of uncoupling protein 1 

(UCP1) in abdominal white adipose tissue (WAT) and the regulation of cytokine secretions 

from both abdominal adipose cells and macrophage cells infiltrated into adipose tissue. 

Anti-obesity effects of fucoxanthin, a characteristic carotenoid, exactly belonging to 

xanthophylls, have been reported. Nutrigenomic studies reveal that fucoxanthin induces 

UCP1 in abdominal WAT mitochondria, leading to the oxidation of fatty acids and heat 

production in WAT. Fucoxanthin improves insulin resistance and decreases blood glucose 

levels through the regulation of cytokine secretions from WAT. The key structure of  

anti-obesity effect is suggested to be the carotenoid end of the polyene chromophore, 

which contains an allenic bond and two hydroxyl groups. Fucoxanthin, which can be 

isolated from edible brown seaweeds, recently displayed its many physiological functions 

and biological properties. We reviewed recent studies and this article aims to explain 

essential background of fucoxanthin, focusing on its promising potential anti-obesity 

effects. In this respect, fucoxanthin can be developed into promising marine drugs and 

nutritional products, in order to become a helpful functional food. 
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1. Introduction 

Modern lifestyle, characterized by high intakes of fats, sugars and calories as well as a decreased 

exercise and physical activity, contributes to metabolic and inflammatory diseases, such as obesity, 

diabetes, hypertension, cancer and other chronic pathologies. Nutrition can play an important role in 

order to prevent these lifestyle-related disorders, and it is desirable to find safe and effective functional 

ingredients in food [1]. The importance of marine algae as sources of functional ingredients has been 

well recognized due to their valuable health beneficial effects. Therefore, isolation and investigation of 

novel bioactive ingredients with biological activities from marine algae have recently attracted great 

attention. Among functional ingredients identified from marine algae, fucoxanthin received particular 

interest. Researchers are focusing on functional ingredients in foods for both prevention and treatment 

of lifestyle-related diseases. In these respects, marine bioactives, such as marine carotenoids, 

especially fucoxanthin, are recently gaining attention. Fucoxanthin is a marine carotenoid, which can 

be found in both macroalgae, such as Undaria pinnatifida or Laminaria japonica, and microalgae such 

as Phaeodactylum tricornutum or Cylindrotheca closterium [2]. Fucoxanthin showed anti-obesity, 

anti-diabetic, anti-oxidant, anti-inflammatory and anticancer activities [3–7]. Considering the unique 

structure of fucoxanthin, its metabolism, its safety, as well as its significant bioactivities and 

pharmacological effects, it can develop as a promising nutritional ingredient and a potential medicinal 

constituent for human health. 

2. Structure and Metabolism of Fucoxanthin 

Carotenoids, a group of phytochemical substances responsible for the color of some food, play an 

important role both in the prevention of human diseases and the maintenance of good health. They are 

classified, according to their source into marine and terrestrial, according to their chemical structure, 

into carotenes and xanthophylls. Carotenes contain no oxygen, are fat-soluble and insoluble in water 

(in contrast with other carotenoids, the xanthophylls, which contain oxygen and thus are less chemically 

hydrophobic); carotenes include beta-carotene and lycopene. Xanthophylls are yellow pigments whose 

name is due to their formation of the yellow band seen in early chromatography of leaf pigments. Their 

molecular structure is similar to carotenes, but xanthophylls contain oxygen atoms, while carotenes are 

purely hydrocarbons with no oxygen. Xanthophylls contain their oxygen either as hydroxyl groups or 

as pairs of hydrogen atoms that are substituted by oxygen atoms acting as a bridge (epoxide). For this 

reason, they are more polar than the purely hydrocarbon carotenes, and it is this difference that allows 

their separations from carotenes in many types of chromatography. Typically, carotenes are more 

orange in color than xanthophylls. The group of xanthophylls includes (among many other compounds) 

fucoxanthin, lutein, zeaxanthin, neoxanthin, canthaxanthin, violaxanthin, capsorubin, astaxanthin and 

α- and β-cryptoxanthin [8], which is the only known xanthophyll containing a beta-ionone ring; thus  

β-cryptoxanthin is the only xanthophyll that is known to possess pro-vitamin A activity for mammals. 

In species other than mammals, certain xanthophylls may be converted to hydroxylated retinal-analogues 
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that function directly in vision. They have potential antioxidant biological properties because of their 

chemical structure and interaction with biological membranes. Their antioxidant properties have been 

considered the main mechanism by which they afford their beneficial health effects [9]. However,  

it would be reductive to explain the physiological effects of carotenoids solely by their antioxidant 

activity. In general, carotenoid plasmatic concentrations reflect concentrations contained in ingested 

food. Fucoxanthin (Figure 1) is a xanthophyll, whose distinct structure includes an unusual allenic 

bond, epoxide group, and conjugated carbonyl group in polyene chain with antioxidant properties [10]. 

Dietary fucoxanthin undergoes metabolic conversion to amarouciaxanthin A via fucoxanthinol in mice [11] 

requiring Nicotinamide Adenine Dinucleotide Phosphate (NADP+) as cofactor [12], it is hydrolyzed to 

fucoxanthinol in the gastrointestinal tract by digestive enzymes, such as lipase and cholesterol esterase, 

and converted to amarouciaxanthin A (Figure 2) in the liver [13]. The bioconversion of fucoxanthinol 

into amarouciaxanthin A through dehydrogenation/isomerization was principally shown in liver 

microsomes. The percentage of fucoxanthin, fucoxanthinol, and amarouciaxanthin A in the adipose 

tissue was 13%, 32%, and 55%, respectively, while the percentage in the other tissues, such as liver, 

lungs, kidney, heart, and spleen, was 1%–11%, 63%–76% and 20%–26%, respectively, indicating that 

amarouciaxanthin A accumulated preferentially in the adipose tissue, while fucoxanthinol accumulated 

mainly in the other tissues [14]. Sangeetha [11] reported various metabolites of fucoxanthin besides the 

major metabolites fucoxanthinol and amarouciaxanthin A in rats, proposed a possible metabolic 

pathway of fucoxanthin in the plasma and liver of rats, and speculated that these metabolites might be 

formed as a result of enzymatic reactions such as isomerization, dehydrogenation, deacetylation, 

oxidation, and demethylation. Thus, fucoxanthin’s metabolites are considered to be the active forms 

exerting physiological functions in the body [15]. Amarouciaxanthin A is stored in abdominal white 

adipose tissue (WAT); fucoxanthinol enters the blood stream and is stored in erythrocytes, liver, lung, 

kidney, heart, spleen and adipose tissue. Fucoxanthin absorption rate is generally influenced by the 

composition of food matrix: for example, its solubility in soybean oil and in other vegetable oils is very 

low, while fucoxanthin can easily dissolve in medium-chain triacylglycerols (MCT) or in fish oil [16]. 

 

Figure 1. The chemical structure of fucoxanthin. 
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Figure 2. The metabolic conversion of fucoxanthin to amarouciaxanthin A via fucoxanthinol. 

3. Anti-Obesity Effect 

Long-term unbalanced diets alter lipid metabolism and leads to the accumulation of visceral fat, thus 

resulting in overweight, obesity and related metabolic disorders, such as diabetes mellitus, hypertension, 

dyslipidemia and cardiovascular disease. Consequently, a crucial endpoint consists in finding efficient 

strategies to prevent obesity. In this sense, fucoxanthin can play an anti-obesity effect through several 

mechanisms. Fucoxanthin significantly reduces plasmatic and hepatic triglyceride concentrations 

(Figure 3) and positively influenced cholesterol-regulating enzymes such as 3-hydroxy-3-methylglutaryl 

coenzyme A reductase and acyl-coenzyme A [17]. Fucoxanthin beneficially affects gene expression 

associated with lipid metabolism: in rats its supplementation decreased mRNA expression of hepatic 

Acetyl-CoA carboxylase (ACC), a biotin-dependent enzyme that catalyzes the irreversible carboxylation 

of acetyl-CoA to produce malonyl-CoA. The function of ACC is to up-regulate the metabolism of fatty 

acids: when the enzyme is active malonyl-CoA is produced. This represents a building block for  

new fatty acids production and inhibits fatty acyl group transfer from acyl-CoA to carnitine with 

carnitine-acyltransferase, which inhibits the beta-oxidation of fatty acids in the mitochondria. ACC1 is 

found in the cytoplasm of all the cells but is more represented in lipogenic tissue, such as adipose 

tissue and lactating mammary glands, where fatty acid synthesis is particularly important [18]. 

Fucoxanthin increased High-Density Lipoprotein (HDL)-cholesterol and non-HDL-cholesterol levels 

in KK-Ay mice (a type 2 diabetic knock-out mouse model that exhibits marked obesity, glucose 

intolerance, severe insulin resistance, dyslipidemia, and hypertension) by inducing Sterol Regulatory 

Element-Binding Protein (SREBP) expression and reduced cholesterol uptake in the liver, via  

down-regulation of Low-Density Lipoprotein (LDL)-receptor and (Scavenger Receptor class B 

member 1) SR-B1. In fact, hepatic levels of LDL-R and SR-B1 proteins which are important factors 

for LDL-cholesterol and HDL-cholesterol uptake in the liver from serum, respectively decreased to 
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60% and 80% in the fucoxanthin-fed mice. Further, dietary fucoxanthin significantly increased the 

mRNA expression of protein convertase subtilisin/kexin type 9 (PCSK9), which enhances intracellular 

degradation of LDL-R in lysosomes [19]. Fucoxanthin supplementation also decreased mRNA 

expression of fatty acid synthase (FAS), a multi-enzyme protein that catalyzes fatty acid synthesis: its 

main function is to catalyze the synthesis of palmitate from acetyl-CoA and malonyl-CoA into  

long-chain saturated fatty acids. FAS has been investigated as a possible oncogene, indicator of poor 

prognosis and a chemotherapeutic target, but it may also be involved in the production of an 

endogenous ligand of the nuclear receptor PPAR-α, the target of the fibrate drugs administered against 

hyperlipidemia. Consequently it is currently being investigated as a possible drug target for treating the 

metabolic syndrome [20]. Recently, stearoyl-coenzyme A desaturase-1 (SCD1) down-regulation has 

been implicated in the prevention of obesity and in the improvement of insulin and leptin sensitivity. 

Furthermore, serum leptin levels were significantly decreased in hyperleptinemia KK-A(y) mice after 

2 weeks of fucoxanthin feeding, although the suppressive effects of fucoxanthin on hepatic SCD1 and 

body weight gain were not observed in ob/ob mice [21]. 
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Figure 3. Effects of fucoxanthin on weight loss and lipid metabolism, compared to  

insulin: fucoxanthin significantly reduces plasmatic and hepatic triglyceride concentrations 

and cholesterol uptake in the liver via down-regulation of Low-Density Lipoprotein  

(LDL)-receptor and Scavenger receptor class B member 1 (SR-B1). Fucoxanthin 

supplementation also decreased mRNA expression of fatty acid synthase (FAS), which 

catalyzes fatty acid synthesis. It also inhibited the uptake of glucose in mature adipocytes 

by reducing the phosphorylation of insulin receptor substrate 1 (IRS-1). Fucoxanthin 

significantly reduced plasmatic and hepatic triglyceride concentrations and positively 

influenced cholesterol-regulating enzymes activities such as 3-hydroxy-3-methylglutaryl-CoA 

reductase and acyl-CoA and affects gene expression associated with lipid metabolism: in 

rats its supplementation decreased mRNA expression of hepatic Acetyl-CoA carboxylase 

(ACC), a biotin-dependent enzyme that catalyzes the irreversible carboxylation of acetyl-

CoA to produce malonyl-CoA. 
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Fucoxanthin also increases the levels of enzyme glucose-6-phosphate dehydrogenase (G6PDH), 

which is in the pentose-phosphate pathway which supplies energy to cells by maintaining the level  

of the co-enzyme nicotinamide adenine dinucleotide phosphate (NADPH). This helps maintain  

appropriate cellular levels of glutathione, thus protecting against oxidative damage [22]. In addition,  

fucoxanthin also influenced hydroxy-3-methylglutaryl-coenzyme A (HMG-CoA), Acyl-CoA cholesterol 

acyltransferase (ACAT), as well as sterol regulatory element-binding transcription factors (SREBP-1): 

SREBP-1a, whose activity is regulated by sterol levels in the cell, regulates genes related to lipid and 

cholesterol production [23], and SREBP-1C, which regulates genes required for both glucidic 

metabolism and fatty acid/lipid production; its expression is modulated by insulin [24]. Even mRNA 

expression of lecithin-cholesterol acyltransferase (LCAT), an enzyme that converts free cholesterol 

into cholesteryl ester, and carnitine palmitoyl-transferase (CPT1) were significantly increased after 

fucoxanthin administration. Neo-synthesized cholesteryl ester is then sequestered into the core of a 

lipoprotein particle, making the newly synthesized HDL [25]. CPT1 is a mitochondrial enzyme 

responsible for the formation of acyl carnitines by catalyzing the transfer of the acyl group of  

a long-chain fatty acyl-CoA from coenzyme A to l-carnitine, thus resulting an essential step in the  

beta-oxidation of long chain fatty acids. Three isoforms of CPT1 are currently known: CPT1A  

which is present in liver, CPT1B in muscle and CPT1C in brain. This enzyme can be inhibited by 

malonyl-CoA, the first intermediate produced during fatty acid synthesis. Its role in fatty acid 

metabolism makes CPT1 important in many metabolic disorders, such as diabetes and insulin resistance. 

In these metabolic diseases, free fatty acid (FFA) levels get elevated, adipose tissue accumulate in 

skeletal muscle and the ability of muscles to oxidize fatty acids slowly decreases. The increased levels 

of malonyl-CoA caused by hyperglycemia and hyperinsulinemia, inhibit CPT1; CPT1 inhibition 

causes a subsequent decrease in the transport of long chain fatty acids into muscle and heart 

mitochondria, thus decreasing fatty acid oxidation in such cells. The shunting of LCFAs away from 

mitochondria leads to the observed increase in FFA levels and the accumulation of fat in skeletal 

muscle. In this respect, CPT1 up-regulation by fucoxanthin plays a critical role in preventing and 

limiting these symptoms [26]. Maeda et al. reported that increased mRNA expression of monocyte 

chemoattractant protein-1 (MCP-1) was observed in high fat (HF) mice, but was normalized in the 

fucoxanthin-rich lipids (FLs) group: the HF-FL diet could suppress high fat (HF) diet-induced obesity 

in mice [27]. Woo et al. [4] also discovered that mRNA expressions of acyl-coA oxidase1, palmitoyl 

(ACOX1) and peroxisome proliferators activated receptor α (PPARα) and γ (PPARγ), which is an 

important modulator for UCP1 expression [28], were obviously modified by fucoxanthin. Recent 

studies showed that pre-adipocyte differentiation is divided into early (days 0–2, D0–D2), intermediate 

(days 2–4, D2–D4), and late stages (day 4 onwards, D4) [29]. Fucoxanthin presents different effects on 

cells during the three differentiation stages: during early differentiation stages (D0–D2), fucoxanthin 

promoted adipocyte differentiation and increased protein expression of PPARγ, CCAAT/enhancer-binding 

protein α (C/EBPα), sterol regulatory element-binding protein 1c (SREBP1c) and adiponectin mRNA 

expression. However, fucoxanthin inhibits intercellular lipid accumulation by reducing the expression 

of PPARγ, C/EBPα, and SREBP1c during the intermediate (D2–D4) and late stages (D4–D7) of 

differentiation [30]. In addition, the metabolite of fucoxanthin, fucoxanthinol, was reported to  

down-regulate PPARγ and exhibited stronger suppressive effects than fucoxanthin on adipocyte 

differentiation [31]. Amarouciaxanthin A, another metabolite of fucoxanthin was also showed to 
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suppress PPARγ and C/EBPα expression during adipocyte differentiation. Compared to fucoxanthinol, 

amarouciaxanthin A markedly down-regulated the mRNA expression of adipocyte fatty acid binding 

protein (aP2), lipoprotein lipase (LPL), and glucose-transporter 4 (Glut-4) [32]. Therefore, at the 

molecular level, fucoxanthin increased protein expression of PPARγ, C/EBPα, SREBP1c, aP2 and 

adiponectin mRNA expression in a dose-dependent manner in early stage of adipocyte differentiation, 

while it reduced the expression of PPARγ, C/EBPα, and SREBP1c during the intermediate and late 

differentiation stages. It also inhibited the uptake of glucose in mature adipocytes (Figure 3) by 

reducing the phosphorylation of insulin receptor substrate 1 (IRS-1). These results suggest that 

fucoxanthin exerts differing effects on different differentiation stages and inhibits glucose uptake in 

mature adipocytes [30]. 

3.1. Fucoxanthin and Uncoupling Proteins: Adaptive Thermogenesis as a Physiological Defense 

against Obesity 

Recent literature [33,34] suggests that fucoxanthin plays an anti-obesity effect, mainly by stimulating 

uncoupling protein-1 (UCP-1) expression in white adipose tissue (WAT). This protein, situated in the 

mitochondrial inner cellular membrane, is usually found in brown adipose tissue (BAT) and it is not 

expressed in WAT in absence of any stimulation. Physiologic bodily metabolism determines heat 

production: this process is named thermogenesis and UCP-1 dissipates the pH-gradient generated by 

oxidative phosphorylation, through releasing chemical energy as heat. UCP1 gene expression, which is 

stimulated by many factors, such as cold, β3-agonists, adrenergic stimulation and thyroid hormones, 

represents a significant part of body energy expenditure, its dysfunction resulting an important cause of 

weight gain and a significant cofactor for the development of obesity [29]. Fucoxanthin augments the 

amount of energy, which is released as heat in fat tissue, thus stimulating thermogenesis. UCP-1 and 

mRNA could be detected in WAT when experimental animals received Undaria lipids containing 

fucoxanthin: 0.2% fucoxanthin in their diet significantly attenuated weight gain in mice, by increasing 

UCP-1 expression [35]. This UCP1 induction also in white adipose tissue (WAT) by fucoxanthin and 

its derivatives leads to fatty acids oxidation and heat production in WAT [30]. This adaptive 

thermogenesis plays a crucial role in energy expenditure as heat, in order to limit weight gain and to 

favor weight loss. Fucoxanthin was found to promote not only UCP1 protein and mRNA expression in 

WAT of obese animals but also β3-adrenergic receptor (Adrb3), which is responsible for lipolysis and 

thermogenesis (Figure 4) [35]. This increased sensitivity to sympathetic nerve stimulation may lead to 

a further up-regulation of fat oxidation in WAT. Fucoxanthin supplementation was also tested in 

humans for weight loss: a 16-week supplementation with 4.0 mg/day showed an important increase in 

resting energy expenditure (REE), which was measured by indirect calorimetry. This augmented REE 

resulted to be even more important at a dose of 8 mg [36]. A significant reduction in body weight and 

fat in obese individuals resulted in the down-regulation of inflammatory and hepatic markers such as 

C-reactive protein (CRP), glutamic pyruvic transaminase (GPT), glutamic oxaloacetic transaminase 

(GOT), γ-glutamyl transpeptidase (γGT), thus preventing metabolic syndrome [37]. Furthermore, it 

was suggested that fucoxanthin improved insulin resistance and decreased blood glucose level, at least 

in part, through down-regulating adipokines, tumor necrosis factor-α, monocyte chemoattractant protein-1, 

interleukin-6, and plasminogen activator inhibitor-1, because it down-regulates their mRNA expression by 
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directly acting on adipocytes and macrophages in white adipose tissue. In addition, fucoxanthin acts 

through an up-regulation of glucose transporter 4 in skeletal muscle in KK-Ay mice [38]. 
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Figure 4. Effects of fucoxanthin on thermogenesis and lipolysis: the muscle (a) and the 

adipose tissue (b). Fucoxanthin plays an anti-obesity effect mainly by stimulating uncoupling 

protein-1 (UCP-1) expression in white adipose tissue (WAT). This protein, situated in the 

mitochondrial inner cellular membrane, is usually found in brown adipose tissue (BAT) 

and it is not expressed in WAT in absence of any stimulation. Physiologic bodily 

metabolism determines heat production: this process is named thermogenesis and UCP-1 

dissipates the pH-gradient generated by oxidative phosphorylation, releasing chemical 

energy as heat. Fucoxanthin was found to promote not only UCP1 protein and mRNA 

expression but also β3-adrenergic receptor (Adrb3), which is responsible for lipolysis and 

thermogenesis. This increased sensitivity to sympathetic nerve stimulation may lead to a 

further up-regulation of fat oxidation in WAT. This adaptive thermogenesis plays a crucial 

role in energy expenditure as heat, in order to limit weight gain and to favor weight loss. 
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3.2. Fucoxanthin and Leptin Regulation 

The hormone leptin is primarily expressed in differentiated adipocytes of white fat tissue and plays 

a crucial role in maintaining the homeostatic control of adipose tissue and body weight, by regulating 

food intake and energy expenditure through several neural and endocrine mechanisms. In obesity the 

expression of the leptin gene and its circulating concentration are elevated without any regulatory 

effects on body weight, with the development of resistance [39]. After its discovery leptin became the 

great hope as an anti-obesity treatment because of its ability to reduce food intake and increase energy 

expenditure. However, treating obese people with exogenous leptin resulted mostly unsuccessful since 

they present already high circulating leptin levels to which they do not respond anymore: this situation 

defines the state of leptin resistance [40]. Fucoxanthin might alter plasma leptin level in order to 

achieve the anti-obesity action. Many previous studies reported that leptin secretions are elevated due 

to the accumulation of fat in adipocytes and leptin could control body weight and adipose fat pad 

through the regulation of the energy expenditure: in particular, Park et al. [41] performed a study 

evaluating the beneficial effect of Undaria pinnatifida ethanol extract in C57BL/6J mice and found 

fucoxanthin could significantly decrease plasma leptin level and that was associated with a significant 

decrement of the epididymal adipose tissue weight. In this study, fucoxanthin supplement remarkably 

reduced the adipocyte size compared to the control group. Fasting blood glucose, plasma leptin and 

insulin levels were significantly higher in control group by 1.5–2.3-folds. Fucoxanthin significantly 

lowered blood glucose of 19.8% and insulin of about 33%, compared to control. The plasma leptin 

concentration showed a positive correlation with body weight and resulted to get lower after fucoxanthin 

supplementation. Another relevant study displayed that fucoxanthin down-regulates stearoyl-coenzyme 

A desaturase-1 (SCD1), with subsequent improvement of insulin and leptin sensitivity, thus contributing 

to the prevention of obesity. In fact, SCD1 is a rate-limiting enzyme that catalyzes the biosynthesis of 

monounsaturated fatty acids from saturated fatty acids. A diet containing 0.2% fucoxanthin for 2 weeks 

in obese mouse models of hyperleptinemia KK-A(y) markedly suppressed SCD1 mRNA and protein 

expressions in the liver. Furthermore, serum leptin levels were significantly decreased in hyperleptinemia 

KK-A(y) mice after 2 weeks of fucoxanthin feeding, although the suppressive effects of fucoxanthin 

on hepatic SCD1 and body weight gain were not observed in ob/ob mice. These results show that 

fucoxanthin down-regulates SCD1 expression and alters fatty acid composition of the liver via regulation 

of leptin signaling in hyperleptinemia KK-A(y) mice but not in leptin-deficient ob/ob mice [21]. The 

fatty acid composition of liver lipids was also affected by an observed decrease in the ratio of oleic 

acid to stearic acid. In these animals with leptin resistance, a leptin decrease (that should lead to an 

increase in food intake in normal animals) has beneficial effects. These results show that fucoxanthin 

down-regulates SCD1 expression and alters fatty acid composition of the liver via regulation of leptin 

signaling in hyperleptinemia KK-A y mice but not in leptin-deficient ob/ob mice. Not only leptin, but also 

orexin and ghrelin are implicated in regulation of energy homeostasis. The levels of these substances 

exhibit circadian fluctuations, and abnormalities in these rhythms were observed in obesity and 

metabolic syndrome. On the one hand, serum leptin levels increase during night, while cerebrospinal 

fluid orexin levels augment during active phase; on the other hand, plasma ghrelin concentrations were 

increased before meals and during night. High concentrations of leptin during sleep help keeping sleep 

by inhibition of feeding behavior and arousal through inhibition of neuropeptide Y and orexin neurons, 
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while high concentrations of ghrelin before meal might enhance wakefulness through activation of 

orexin neurons [42]. These recent findings suggest that the circadian rhythms of these substances are 

important for the maintenance of basal metabolism and of normal energy homeostasis. The discovery 

that orexin neurons are regulated by peripheral metabolic cues, including ghrelin and leptin and that 

they might have important roles as a link between the coordination of feeding and sleep/wakefulness 

states, suggests roles of orexin in the maintenance of energy homeostasis [43]. In addition, basal 

metabolism and energy expenditure also influence appetite control, feeding and energy intake: this 

dynamic interaction makes difficult the prediction of a resultant shift in energy balance, and therefore 

weight change. It is well recognized that the major influences on hunger and subsequent weight control 

arise from fat-free mass and fat mass, resting metabolic rate, gastric adjustment to ingested food, 

changes in episodic and circadian peptides such as insulin, ghrelin, cholecystokinin, glucagon-like 

peptide-1 and leptin [44]. The study of potential interference of fucoxanthin with these peptides and 

other neuropeptides regulating food intake and metabolism could open new horizons: the specific 

actions of fucoxanthin on each physiological component, as well as the eventual interaction with food 

composition represent an interesting target for future research. 

4. Obesity and Non Alcoholic Fat Liver Disease: Hepatoprotective Effect of Fucoxanthin 

Increased fatty acid oxidation contributes to improve fatty liver by decreasing the amounts of fatty 

acids as substrates for triacylglycerol synthesis [37]. Fucoxanthin increases fatty acid oxidation and 

decreases the hepatic lipid contents by regulating metabolic enzyme activities and stimulating  

β-oxidation activity [4]. In fact, hepatic lipid contents resulted to be markedly lower after fucoxanthin 

supplementation compared to the control group, because fucoxanthin inhibits hepatic lipogenic 

enzymes, glucose-6-phosphate dehydrogenase, malic enzyme, fatty acid synthase and phosphatidate 

phosphohydrolase, which are involved in the hepatic lipid droplet (Figure 5); in addition fucoxanthin 

stimulates β-oxidation activity. Fucoxanthin and its metabolite fucoxanthinol were reported to promote 

the proportion of docosahexaenoic acid (DHA) in mice’s liver [45–47]. Fucoxanthin significantly  

up-regulated glycolytic enzyme such as glucokinase in the liver, and thus increased the ratio of hepatic 

glucokinase/glucose-6-phosphatase and glycogen content, indicating that fucoxanthin normalized the 

hepatic glycogen content in high-fat fed mice [41]. The reduction of liver lipids might be due to the 

increase of docosahexaenoic acid, which reduces the activity of hepatic enzymes in fatty acid synthesis 

and increases hepatic fatty acid β-oxidation, in the liver [45]. Fucoxanthin and fucoxanthinol enhanced 

the amount of docosahexaenoic acid in the liver of KK-Ay mice, whereas the level of docosahexaenoic 

acid in the small intestine remained unaltered. In addition, an increase in arachidonic acid was also 

found in fucoxanthin-fed mice, indicating that fucoxanthin might modify the metabolic pathways of  

ω-3 and ω-6 highly unsaturated fatty acids [46]. Recently, Airanthi et al. [48] showed that the levels of 

docosahexaenoic acid and arachidonic acid in liver lipids of KK-Ay mice given the lipids from brown 

seaweeds significantly increased. Recent pharmacological studies in Non Alcoholic Fat Liver Disease 

(NAFLD) animal models and in adult humans, which demonstrate DHA both anti-inflammatory and 

insulin sensitizing properties, suggested a potential role of fucoxanthin in treatment of NAFLD [49]. 
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Figure 5. Effects of fucoxanthin on glucidic and lipid metabolism: from the enterocyte to 

the hepatocyte. Fucoxanthin increases fatty acids oxidation and decreases the hepatic lipid 

contents by regulating metabolic enzyme activities and stimulating β-oxidation activity. 

Hepatic lipid contents resulted to be markedly lower after fucoxanthin supplementation 

because fucoxanthin inhibits hepatic lipogenic enzymes, glucose-6-phosphate dehydrogenase, 

malic enzyme, fatty acid synthase and phosphatidate phosphohydrolase, which are 

involved in the hepatic lipid droplet. In addition, an important effect of fucoxanthin in 

enterocytes, such as competition with lipid absorption can be postulated. 

5. Obesity and Oxidative Stress: Antioxidant and Anti-Inflammatory Effects of Fucoxanthin 

A high fat diet can cause obesity, and obesity causes overproduction of reactive oxygen species 

(ROS) [50] which are responsible for cellular damage. Fucoxanthin chemical structure contains an 

epoxide group and hydroxyl group which are considered to be strong antioxidants [10], thus its 

supplementation could reduce oxidative stress [51]. In vivo experiments determined some markers of 

antioxidant capacity, such as plasma total antioxidant capacity (TAC), antioxidant enzymes such as 

catalase, superoxide dismutase (SOD), and glutathione peroxidase (GSH-Px), mRNA expression of 

transcription factor such as nuclear erythroid factor like 2 (Nrf2), and its target genes such as NADPH 

quinone oxidoreductase1 (NQO1). GSH-Px plasmatic activity in rats, which followed a high fat diet 

with fucoxanthin, was significantly higher compared to the high fat diet group which did not take 

fucoxanthin. Plasmatic TAC level, mRNA expression of Nrf2 and NQO1, catalase and hepatic  

GSH-Px activities were also significantly higher in the supplemented group [52]. 

In order to determine whether fucoxanthin activates cellular antioxidant enzymes via up-regulation 

of the Nrf2/antioxidant-response element (ARE) pathway, an interesting study was conducted through 

the incubation of murine hepatic BNL CL.2 cells with fucoxanthin for 24 h. Fucoxanthin (≥5 μM) 



Mar. Drugs 2015, 13 2207 

 

resulted to increase ROS at 6 h of incubation, whereas pre-incubation with α-tocopherol (30 μM) 

decreased the increase of ROS, thus indicating the pro-oxidant nature of fucoxanthin. Fucoxanthin 

significantly enhanced extracellular signal-regulated kinases (ERK) and p38 phosphorylation and 

markedly increased nuclear factor erythroid-derived 2-like 2 (Nrf2) protein accumulation after incubation 

for 12 h. Moreover, fucoxanthin significantly augmented binding activities of nuclear Nrf2 with ARE 

and increased mRNA and protein expression of heme oxygenase-1 (HO-1), an enzyme that is induced 

in response to stress, and NAD(P)H dehydrogenase quinone-1 (NQO1) after incubation for 12 h. Thus, 

fucoxanthin may exert its antioxidant activity, at least partly, through its pro-oxidant actions [53]. The 

MAPK/ERK pathway is a chain of proteins in the cell that communicates a signal from a receptor on 

the surface of the cell to the DNA in the nucleus of the cell. When one of the proteins in the pathway is 

mutated, it can become stuck in the “on” or “off” position, which is a necessary step in the development 

of many cancers. Components of the MAPK/ERK pathway were discovered when they were found in 

cancer cells. Drugs that reverse this switch are being investigated as cancer treatments [54]. In particular, 

fucoxanthin evidenced antitumor activity in human leukemia cell HL-60 cells via the induction of 

apoptosis [55]: this study focused on the effect of fucoxanthin induction on the accumulation of ROS 

and on the triggering of Bcl-xL signaling pathway in HL-60 cells, determining that ROS are generated 

during fucoxanthin-induced cytotoxicity and apoptosis in HL-60 cells, and that N-acetylcysteine 

(NAC), a ROS scavenger, inhibited fucoxanthin-induced cytotoxicity and apoptosis. In this study,  

it was displayed that fucoxanthin generated ROS and that the accumulation of ROS performed  

a fundamental role in the fucoxanthin-induced Bcl-xL signaling pathway. 

Kim et al. [56] investigated the anti-inflammatory effects of fucoxanthin in lipopolysaccharide 

(LPS)-stimulated murine macrophages, displaying that fucoxanthin could reduce the levels of  

pro-inflammatory mediators such as NO, PGE2, IL-1β, TNF-α, and IL-6 by suppressing the NF-κB 

activation and the MAPK phosphorylation. These anti-inflammatory activities of fucoxanthin were 

demonstrated in vivo too [57]: fucoxanthin markedly inhibited the antigen-induced release of  

β-hexosaminidase in both rat basophilic leukemia 2H3 cells and mouse bone marrow-derived mast 

cells; in addition it suppressed antigen induced aggregation of the high affinity IgE receptor, which is 

crucial in regulating signals of mast cells. 

6. Genetic and Iatrogenic Aspects of Obesity: The Potential of Fucoxanthin 

Genetic and iatrogenic factors play an important role in the development of lifestyle-related 

diseases, such as type 2 diabetes mellitus (DM2) and obesity, and it is well established that genetically 

susceptible subjects can develop these metabolic diseases after being exposed to environmental risk 

factors. In this respect, great efforts have been recently made to identify genes associated with 

overweight and obesity. UCP1 is mainly expressed in brown adipose tissue, and acts in thermogenesis, 

regulation of energy expenditure, and protection against oxidative stress, like discussed above: all 

these mechanisms are associated with the pathogenesis not only of obesity but also of DM2. Hence, 

UCP1 gene is implicated in the development of these disorders: several studies have reported that 

polymorphisms -3826A/G, -1766A/G and -112A/C in its promoter region, Ala64Thr in exon 2 and 

Met299Leu in exon 5 are possibly associated with obesity [58]. Similar to UCP1, the β3-adrenergic 

receptor gene (β3-AR) is expressed in BAT and WAT and plays an important role in the induction of 
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lipolysis and in the regulation of energy homeostasis. In addition, it is the main adrenoreceptor  

that stimulates UCP1 expression. The Trp64Arg polymorphism in the β3-AR gene has been associated 

with weight gain and other obesity-related indexes, as well as with insulin resistance in different 

populations [59]. Interestingly, literature shows that a synergistic effect between the -3826A/G 

polymorphism of UCP1 gene and the Trp64Arg polymorphism of β3-AR gene is associated with an 

increased tendency for weight gain [60], resistance to weight loss, or subsequent weight-maintenance 

after a low-calorie diet [61]. In contrast, some studies did not display any influence of the interaction 

between these two polymorphisms on the resistance to a low-calorie diet, BMI and other obesity-related 

metabolic parameters [62]. Ethnical and age differences, as well as environmental factors and a synergistic 

effect with other genes could explain these controversial findings among different investigations. 

Obesity can be caused by a variety of factors: environmental, genetic, personal, and often, medical 

factors. An important drugs side effect is represented by weight gain and even iatrogenic obesity: a 

number of medications can promote weight gain or hinder weight loss, and weight-neutral alternatives 

are not often available. Some possibly adipogenic medications are represented by psychoactive drugs, 

such as antipsychotics and antidepressant. Weight gain is a well-documented side effect of antipsychotic 

treatment. It is generally not proportional to dose, and can vary from minimum weight gains over 

several years to enormous ones over just a few months. Both typical and novel antipsychotics are 

associated with weight gain, but novel antipsychotics, especially clozapine and olanzapine, have the 

greatest adipogenic potential and carry the greatest risk for the development of hypertension, diabetes 

and lipid abnormalities. While discontinuing antipsychotic medications in patients who suffer from 

psychosis results not recommendable, these medications are increasingly used off-label as mood 

stabilizers and sleep aids. Second-generation antipsychotics have been associated with an increased 

liability for weight gain and metabolic side effects. Among them, clozapine and olanzapine showed 

great liability to induce weight gain and metabolic adverse reactions. A recent study found that the 

uses of olanzapine and clozapine were associated with changes in leptin, adipocytokines and total 

ghrelin: olanzapine had greater influences on adiponectin and total ghrelin than clozapine. The changes 

in adipocytokines and total ghrelin were a direct effect of antipsychotics on hormonal pathways of 

energy homeostasis, rather than the result of weight gain [63]: in this respect, the potential interference 

of fucoxanthin with UCP-1 and with these peptides and other neuropeptides regulating food intake and 

metabolism could result helpful during antipsychotic treatment in order to limit the subsequent weight 

gain. Also tricyclic antidepressants are often associated with weight gain. Amitriptyline appears to 

have the greatest obesogenic potential [64]. Reduced energy expenditure appears to be behind the 

weight-promoting effect of these drugs, while changes in food intake contribute to a smaller extent. 

Weight gain, generally tied to increased food intake, is also common with lithium treatment (where it 

appears to be dose-related, and is more likely to occur in women who are already overweight) and with 

antiepileptic drugs, in particular valproate and carbamazepine [65]. A number of other medications 

have been found to cause weight gain and favor obesity in patients: steroids, which increase abdominal 

adiposity and insulin resistance, thus heightening risk for diabetes and cardiovascular disease; 

antihistamines [64], which often make patients lethargic, so that they find it more difficult to exercise; 

antibiotics, which affect the microbiota in the intestinal system. In fact, accumulating evidence [66,67] 

indicates that the gut microbiota plays a significant role in the development of obesity, obesity-associated 

inflammation and insulin resistance. How the microbiota promotes human health and disease is a rich 
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area of investigation that is likely to generate fundamental discoveries in energy metabolism and may 

lead to new strategies for prevention of obesity and its complications. Therefore, several drugs are 

associated with weight change of varying magnitude, this consciousness should guide the choice of drug 

when several options exist and promote the institution of preemptive strategies for weight management, 

such as fucoxanthin supplementation, when drugs with known weight effects are prescribed. 

7. Conclusions 

Obesity is a multifactorial disease associated with both genetic and environmental factors. 

Knowledge on factors associated with these disorders allow us to better understand them, and may 

provide more effective approaches to treatment and prevention. In this respect, fucoxanthin has many 

bioactivities potentially promoting human health. In particular, its potential anti-obesity effect was 

primarily detected by murine studies, which displayed an induction of uncoupling protein-1 in 

abdominal white adipose tissue mitochondria, leading to the oxidation of fatty acids and heat production. 

Even if further studies are necessary in order to authenticate these results in humans too, all the 

promising scientific findings might allow its future development as a marine nutraceutical and an 

interesting functional food. However, it is well recognized that basal metabolism, appetite and food 

intake are affected by many other factors including age, sex, body composition, physical activity 

levels, environmental factors (such as temperature), and also individual differences. These factors are 

likely to influence the balance of homeostatic controls and make it difficult to generalize; nevertheless, 

research and knowledge advancement in this area brings hope that potential novel strategies for weight 

control could be on the horizon. 
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