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Disclaimer
The information contained within this scientific review is intended for business-to-business educational and informational purposes only.
The information is not intended for release or dissemination to retail consumers or other third parties. Although the information provided
herein is, to the best of Algatechnologies knowledge and belief, truthful and accurate to the date of writing this review, Algatechnologies
does not guarantee the accuracy or completeness of the information. Companies interested in incorporating any structure/function claims
contained herein into the labeling or advertising of any finished dietary supplement or base any structure/function claims on the contained
information must consult with competent legal counsel to ensure any such claim is lawful and substantiated for the specific product marketed.
Algatechnologies assumes no liability and disclaims any and all responsibility for buyer’s product claims or claims made by any third party.
This information should not be regarded as medical advice and is not intended as a substitute for medical advice. People with medical
problems or questions about their health should consult a health care professional. These statements have not been evaluated by the
Food and Drug Administration. This product is not intended to diagnose, treat, cure, or prevent any disease.
The content of this document is copyright material © 2018 Algatechnologies Ltd. All rights reserved.
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Summary
Fucoxanthin is an orange-brown carotenoid present in edible brown seaweeds and microalgae. Research suggests that

fucoxanthin provides health benefits for various metabolic conditions, such as obesity-related metabolic syndrome, impaired
glucose management, inflammation, high triglyceride levels and non-alcoholic fatty liver. Moreover, fucoxanthin has been
proven to be safe with no side effects.

FucoVital® is a natural fucoxanthin produced by cultivated microalgae. Microalgae can be grown throughout the year in
closed and controlled cultivation systems that are free of contaminants, such as heavy metals and other marine-derived
impurities which are present in seaweed. Indeed, edible seaweeds are exposed to oil spillages and other industrial waste
polluting the oceans, leading to high accumulation of heavy metals and other contaminates.

Figure 1. The chemical structure of Fucoxanthin
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Basic Chemistry
Carotenoids are pigments produced by plants and algae that play a role in light harvesting for photosynthesis. Xanthophylls

are a subset of carotenoids that can be identified by the fact that they are oxygenated, presenting either hydroxyl groups or
epoxide bridges. This makes xanthophylls more water-soluble than carotenes like beta-carotene. Fucoxanthin is a xanthophyll

that comprises more than 10% of the estimated total production of carotenoids in nature [1]. It is an accessory pigment
found in the chloroplasts of many brown macro-algae, such as Fucus spp., and the golden-brown, unicellular microalgae,
the diatoms. Fucoxanthin absorbs red light at the 450-540 nm bandwidth, providing the algae with a brownish-olive color.

Fucoxanthin has a highly unique structure that includes both an epoxide bond and hydroxyl groups, along with an allenic
bond (carbon-carbon double bond) and a conjugated carbonyl group (carbon-oxygen double bond) in the polyene chain
(see complete structure in Figure 1). All of these chemical features provide fucoxanthin with powerful anti-oxidant activity [2].
In macro-algae, fucoxanthin acts like an antenna for light harvesting and energy transfer in the photosystem light harvesting

complexes [3]. In diatoms like Phaeodactylum tricornutum, fucoxanthin is protein-bound along with chlorophyll to form a light
harvesting protein complex [4]. In these organisms, fucoxanthin is the dominant carotenoid, responsible for up to 60% of

energy transfer to chlorophyll a [5]. When bound to protein, the absorption spectrum of fucoxanthin expands from 450-540
nm to 390-580 nm, a range that is suited to aquatic environments [6].

Bioavailability and Pharmacokinetics
In human studies, a 1-week dietary intervention with the seaweed Undaria pinnatifida (equivalent to 6.1 mg fucoxanthin/day)
resulted in low plasma levels of fucoxanthinol (0.8 nm/L) and no detectable fucoxanthin or amarouciaxanthin [7]. In another
clinical trial, 18 subjects received an extract containing 31 mg fucoxanthin. Fucoxanthinol levels reached peak plasma

concentration (44.2 nmol/L) 4 hours after oral administration; the half-life was 7 hours (see Figure 2) [8]. From these two
experiments, it is clear that the use of an oil extract has the better impact on fucoxanthinol bioavailability in subjects’ plasma.

Figure 2. Time-course proﬁle of fucoxanthinol in human plasma after administration of a single dose of fucoxanthin [8].

Studies by Hashimoto et al. showed that the bioavailability of fucoxanthinol was higher in human subjects than in mice, where
fucoxanthin metabolites accumulated in plasma, erythrocytes, liver, lungs, kidney, heart, spleen, and adipose tissue [9].
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Health Benefits

Fucoxanthin is a strong anti-oxidant

Similar to other carotenoids, the chemical structure and functional head groups of fucoxanthin provide physiochemical

characteristics that suggest strong radical oxygen species (ROS)-scavenging capabilities. When comparing fucoxanthin to
other fucoxanthinols and tocopherols, the quenching efficacy of fucoxanthin was deemed superior (Figure 3) [10].

Figure 3. Hydroxyl radical scavenging activity of fucoxanthin (Fx), fucoxanthinol (FxL), halocynthiaxanthin (Hx)
and α-tocopherol (TL), as measured by the chemiluminescence technique [10].

Recently, it was shown that the underlying anti-oxidant capacity of fucoxanthin is a molecular mechanism that is shared with

astaxanthin, the induction product of the Nrf2-ARE pathway. The study demonstrated induction of Nrf2 and downstream
genes that are involved in the anti-oxidant effect seen in the study and previous publications [11].

Figure 4. Effects of fucoxanthin on relative endogenous mRNA levels and the
expression of Nrf2 and downstream genes in HepG2-C8 cells. [11].
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Obesity and Metabolic Syndrome
High intake of fat, sugar and calories, along with decreased physical activity, lead to the accumulation of visceral fat, resulting
in chronic conditions like obesity, metabolic syndrome, diabetes and non-alcoholic liver disease (NAFLD). Obesity, defined
by a Body Mass Index (BMI)>30 kg/m2, is currently recognized as one of the main health challenges worldwide, and is

associated a significant economic burden [12]. To date, 4 clinical trials aimed at determining the effects of fucoxanthin on
human obesity have been conducted. Administering a combination of 300 mg pomegranate seed oil and 300 mg brown

seaweed extract containing 2.4 mg fucoxanthin for 16 weeks resulted in a significant reduction in body weight and liver fat
content in obese women (Figure 5) [13].

Figure 5. Effect of a combination of 300 mg pomegranate seed oil and 300 mg brown seaweed extract containing 2.4 mg
fucoxanthin on liver fat content in obese subjects with NAFLD and normal liver fat content [13].

Recently, it was shown that the underlying anti-oxidant capacity of fucoxanthin is a molecular mechanism that is shared with

astaxanthin, the induction product of the Nrf2-ARE pathway. The study demonstrated induction of Nrf2 and downstream
genes that are involved in the anti-oxidant effect seen in the study and previous publications [11].

Emily Renee Buras repeated this study with 29 obese woman [14]. Her results indicated significant improvement in serum
levels of alanine aminotransferase (ALT), a liver enzyme and biomarker for improved liver health. In a 4 week study with

33 overweight subjects, Hitoe and Shimoda found fucoxanthin (1 or 3 mg daily) reduced body weight, BMI and abdominal
fat by acting on both visceral and subcutaneous fat [15].

The clinical results are supported by research on several mouse obesity models [16]. Supplementation of fucoxanthin or
its derivatives consistently attenuated body and visceral fat weight gain, reduced lipid accumulation in the liver, decreased

insulin resistance, and improved the plasma lipid profile in rodents fed a high-fat diet. The suggested anti-obesity effects
of fucoxanthin are apparently mediated by the metabolic hormones leptin and adiponectin through their common target,

AMK-activated protein kinase. This activity results in the down-regulation of lipogenic enzymes which are responsible for
lipid synthesis and up-regulation of lipolytic enzymes, which in turn are responsible for fatty acid oxidation. Fucoxanthin was

also shown to suppress adipocyte differentiation and induce the expression of uncoupling proteins in visceral adipose tissue.
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Glucose Management
Improper diet and obesity often lead to abnormalities in glucose metabolism and absorption, as well as insulin regulation, all

of which can lead to metabolic syndrome. In a clinical trial, HbA(1c) levels, considered a common biomarker for the onset

of diabetes, were monitored in 40 Japanese adults with BMI>22 kg/m2. In this study, providing an oil supplement rich with

fucoxanthin (1 or 2 mg/day) significantly reduced HbA(1c) levels after 8 weeks of supplement intake [17]. The results could
be correlated with the level of fucoxanthinol in the plasma, as shown in Figure 6.

Figure 6. Fucoxanthin supplement provided over 8 weeks significantly* reduced levels of
the diabetes marker HBA1c [17]. Serum fucoxanthinol levels (nM) are shown in orange.
* P<0.05, as compared with placebo.

A biochemical mechanism for these effects can be outlined on the basis of several published studies conducted in mouse
models mimicking human diabetes and obesity conditions. Fucoxanthin was shown to lower blood glucose and improve

insulin sensitivity in rodent obesity studies. Woo and colleagues fed high fat diet-induced obese mice either low (0.05%)

or high (0.2%) fucoxanthin diets [18]. Fucoxanthin lowered blood glucose and HbA(1c) levels, along with plasma resistin
and insulin concentrations, regardless of dosage. Fucoxanthin may thus affect diabetes by changing adipocyte properties
according to the following theory. The KK-A(y) mouse model develops obesity along with hyperglycemia, hyperinsulinemia,

and insulin resistance. White adipose tissue cells over-express inflammatory adipokines, thereby inhibiting insulin-dependent
glucose uptake and inducing insulin resistance in tissues that regulate glucose homeostasis, such as liver, muscle and

adipose tissue [19]. Fucoxanthin has been able to suppress these changes in white adipose tissue by down-regulating the
expression of adipokines in KK-A(y) [14, 20] and diet-induced obese mice [21].

In addition to this proposed mechanism, there is evidence that fucoxanthin can regulate glucose transporter 4 (GLUT4) in
skeletal muscle. GLUT4 is important for glucose uptake and utilization in skeletal muscle and is often suppressed in insulin-

resistance conditions [22]. In KK-A(y) mice fed 0.2% fucoxanthin, GLUT4 levels were restored to those of control mice [23].

Liver Health
Non-alcoholic Fatty liver disease (NAFLD) is a consequence of obesity and accumulation of fat in the liver which lead to liver

cell damage, up to complete destruction. NAFLD is increasingly common around the world, especially in Western nations,

with a global prevalence of ~25% [24]. In the United States, it is the most common form of chronic liver disease, affecting
an estimated 80 to 100 million people. No safe and approved drug to treat this condition is available, with current treatment

being weight reduction and adopting a healthier lifestyle. Fucoxanthin is a promising dietary supplement that can support
liver health and thus possibly lower the risk of developing NAFLD.
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In a study conducted by Abidov and colleagues, approximately 75% of the obese participants suffered from fatty liver disease

(liver fat content >11%) [13]. After 16 weeks, the group taking fucoxanthin alone showed reduced liver fat and improved liver

function. In another clinical study, improvement of alanine aminotransferase (ALT) liver enzyme function was also observed
in a group consuming a fucoxanthin supplement indicating improvement of liver cell health [25].

In animal studies of obesity, liver function was also improved by providing fucoxanthin. In a chronic toxicity study performed
by Algatechnologies, significant reduction in liver inflammation markers and blood triglycerides were observed in rats fed
with FucoVital® over a 13 week period (Figure 7). Rats fed a high fat diet along with fucoxanthin showed improved liver

catalase and glutathione activity, as compared to those fed a high fat diet alone. In obese KK-A(y) mice, fucoxanthin
improved the liver fatty acid profile and reduced liver cholesterol uptake [21, 26]. In a mouse high fat diet-induced obesity

model, fucoxanthin lowered liver lipid content. This effect was attributed to reduced activity of liver lipogenic enzymes and
an increase in liver fatty acid beta-oxidation, the catabolic process by which fatty acid molecules are broken down and used

as an energy source. In obese rats, fucoxanthin reduced lipid accumulation in the liver and up-regulated carnitine palmitoyl
transferase 1A, an enzyme that regulates beta-oxidation.

Figure 7. Blood triglyceride levels measured in rats treated with FucoVital®
as part of a 13-week chronic toxicity study.

Molecular investigations further support the anti-diabetic effects of fucoxanthin. Oleic acid-induced hepatocytes treated with
fucoxanthin presented reduced oil droplet accumulation and a suppressed effect of hepatic lipoperoxidation. Fucoxanthin

significantly increased the expression of adipose triglyceride lipase (ATGL) and phosphorylation of hormone-sensitive lipase
(HSL), enzymes that decompose triglyceride into glycerol and free fatty acids. Thus, fucoxanthin could increase lipolysis to
reduce lipid accumulation in fatty liver cells [27].

Anti-inflammation
Inflammation is a natural immune response which the human body utilizes to remove foreign agents and heal damaged

tissue following infection and trauma. In some cases, inflammation is evoked in response to non-infectious or trauma-related
causes (such as allergy) and persists over prolonged periods of time. An extract from Phaedactylum tricornutum has been
shown to decrease the mRNA expression of pro-inflammatory cytokine genes, as well as the release of the corresponding
cytokines in lipopolysaccharide-stimulated human blood mononuclear cells (Figure 8) [28]. In another study, researchers

demonstrated that fucoxanthin suppressed histological inﬂammation and hypertrophy of mammary adipocytes in mice fed
with a high-fat diet [29].
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Figure 8. Effects of different P. tricornutum extracts on the release
of IL-1 β (a), IL-6 (b), TNF α (c), and PGE-2 (d).

Safety & Regulatory status
Fucoxanthin is a safe ingredient that has been sold in the U.S. as a dietary supplement for many years, primarily as whole
algal concentrates or extracts of brown algae, such as Macrocystis, Laminaria and Undaria. Most products contain additional

ingredients, including green tea extract, African hoodia cactus powder, pomegranate extract, and caffeine. The daily intake
of fucoxanthin in these products ranges from unknown amounts to as high as 30 mg fucoxanthin. Clinical studies have

shown that subjects consuming a fucoxanthin supplement on a daily basis (up to 3 mg fucoxanthin) over 4 to 16 weeks had
no complaints of adverse events [14,15].

Algatechnologies has conducted a number of toxicity studies with a fucoxanthin oleoresin product, named FucoVital®. The

studies included reverse mutation assay, and acute and chronic toxicity over 13 weeks in rats. High doses were given daily to
rats (1000-fold than the recommended dose for humans). No treatment-related adverse events were observed. Necropsy did

not reveal any gross pathological findings in any of the test or control animals upon test termination. Histological examination
confirmed the absence of adverse effects due to fucoxanthin administration. Based on these results, a tentative NOAEL for

Phaeodactylum tricornutum fucoxanthin is proposed as being at least 150 mg/kg. Algatechnologies has submitted a NDI
for FucoVital® that has been acknowledged and filed by the FDA.

Toxicity studies were previously performed using fucoxanthin from seaweed. A 4 week-long toxicity study involving repeated

oral dosing of fucoxanthin (95% purity) to rats indicated that fucoxanthin did not display obvious toxicity in these animals
[30]. Another animal study evaluated the toxicity of extracts containing 0.0012% fucoxanthin [31]. Again, the extracts did

not show any relevant toxicity effects in an acute toxicity test after daily treatment over a 4 week period. Furthermore,
fucoxanthinol, the metabolite of fucoxanthin, showed no significant adverse effects in vivo.

It is concluded that FucoVital® is safe for oral daily consumption. The recommended daily dose is 3 mg with no time limitation

or 5 mg for a maximum of 90 days. The FDA has filed and acknowledged FucoVital® New Dietary Ingredient (NDI) as
notification #1048, the first and only fucoxanthin product on the market that has been filed with an NDI notification number.
Fucoxanthin is approved for sales and marketing in several countries, including the US. Finally, Algatechnologies is in the
process of ongoing evaluation and registration of FucoVital® in key countries around the world.

FucoVital®
FucoVital® is the first fucoxanthin produced from microalgae. This source enables a year-round supply of high quality product,

obtained from controlled growth in a closed cultivation system that is clean of contaminants, such as heavy metals. In
addition to fucoxanthin, the microalgal source is also rich in essential fatty acids which are absent in fucoxanthin produced
from seaweed.
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