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Abstract
Postprandial hyperglycemia is an early indication of type 2 diabetes and the target of many
anti-diabetic and anti-obesity studies. α-Glucosidase and α-amylase are the crucial factors in regulating
starch digestion and glucose absorption, making them key targets for many studies to treat postprandial
hyperglycemia. We studied the inhibitory activities of microalgal fucoxanthin against rat-intestinal
α-glucosidase and pancreatic α-amylase along with the antidiabetic eﬀect to induce diﬀerentiation in 3T3L1 pre-adipocytes using Oil Red-O staining. Fucoxanthin displayed strong hindrance activities toward
α-amylase in a concentration-dependent manner, with an IC50 value of 0.68 mmol/L, whereas weak inhibitory
activity against α-glucosidase, with an IC50 value of 4.75 mmol/L. Fucoxanthin also considerably elevated
glucose oxidase activity in 3T3-L1 cells by 31.3% at 5 μmol/L. During adipocyte diﬀerentiation, fucoxanthin
showed lipid accumulation in 3T3-L1 cells with no cytotoxicity up to 20 μmol/L. However, fucoxanthin had
no inhibitory activity on glucose-6-phosphate dehydrogenase. These results suggest that fucoxanthin might
be useful for the prevention of obesity or diabetes by inhibiting carbohydrate-hydrolyzing enzymes and lipid
accumulation and be utilized as an ingredient for a functional food or dietary supplement.
Keyword: α-glucosidase; amylase; diabetes; fucoxanthin; glucose oxidase; microalgae

1 INTRODUCTION
Type 2 diabetes is a complex metabolic disorder.
The underlying mechanism responsible for this
disease and its complication remains unclear even
with an apparent connection between diabetic
hyperglycemia and complications of diabetes
(Giugliano et al., 1996). Based on the link to the
generation of free radicals, many possible biochemical
mechanisms for an excess glucose to cause tissue
damage have been found to include non-enzymatic
glycation, oxidative stress, polyol pathway, inhibition
of carbohydrate digestive enzymes and glucose
uptake (Giugliano et al., 1996; King et al., 1996).
Postprandial hyperglycemia performs a crucial role in
the advancement of type 2 diabetes and complications
like microvascular and macrovascular diseases
(Baron, 1998). Therefore, the management of

postprandial blood glucose status is critical for the
treatment of diabetes and reduction of chronic
vascular complications (Baron, 1998). One of the
approaches to medicate diabetes mellitus is to inhibit
the carbohydrate digestion by hindering activity of
enzymes like α-amylase and α-glucosidase in the
digestive system, thereby reducing intestinal glucose
intake and postprandial blood glucose level. Several
drugs (acarbose, voglibose, and nojirimycin) for type
2 diabetes exist today, but they have many side eﬀects
such as liver toxicity and an increase of heart disease
possibility, making them inappropriate be used as a
food supplement (Tewari et al., 2003). In order to
reduce the side eﬀect of current medications, and to
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provide more choices of drugs, it is imperative to
study new inhibitors for potential remedy development
(Lam et al., 2008).
Marine source exhibits an abundant chemical
variation that can be utilized to discover and establish
new probable therapeutic solution (Molinski et al.,
2009). Fucoxanthin is a xanthophyll, non-provitamin
A carotenoid consisting of allenic, conjugated
carbonyl, epoxide, and acetyl groups in its molecule,
and widely distributed in brown algae and diatoms
(Haugan et al., 1992). Studies reported that macroalgal
(seaweed) fucoxanthin suppressed the development
of white adipose tissue that leads to obesity and
obesity-related disorders, such as diabetes mellitus,
hypertension, and cardiovascular disease in obese/
diabetic KK-Ay mice (Maeda et al., 2005; Maeda et
al., 2007). Macroalgal fucoxanthin also modulated
the blood glucose and insulin levels by suppressing
monocyte chemoattractant protein-1 (MCP-1) and
promoting β3-adrenergic receptor (Adrb3) and
glucose transporter 4 (GLUT4) expression in a murine
model (Maeda et al., 2009). It also suppressed lipid
accumulation and decreased lipid peroxidation in
hepatocytes through regulated Sirt1/AMPK signaling
pathway (Chang et al., 2018). In addition,
fucoxanthinol, a metabolite of fucoxanthin, improved
obesity-induced inﬂammation in adipocyte cells
(Maeda et al., 2015). Recent commercial-purpose
fucoxanthin is produced mainly from macroalgae, but
microalgal fuxoxanthin is starting to gain attention
due to its higher concentration of fucoxanthin
(Petrushkina et al., 2017). Regardless of variety and
richness of fucoxanthin only a few microalgal species
and their potential applications have been researched
(Kim et al., 2012; Xia et al., 2013; Kawee-Ai and
Kim, 2014) However, there is no report to utilize the
microalgal fucoxanthin for the treatment of diabetes
mellitus or obesity via the inhibition of carbohydratedigesting enzymes, such as α-amylase and
α-glucosidase. In our previous study (Kawee-Ai et
al., 2013), the microalgal fucoxanthin resulted in
three main peaks consisted of the trans form along
with two isomers, which was similar to the structure
of brown seaweed fucoxanthin, but the ratio of
isomers was diﬀerent. Furthermore, the ratio of transto cis-form of fucoxanthin resulted in very strong
antioxidant activity. In this study, the inhibitory
eﬀects of microalgal fucoxanthin on pancreatic
α-amylase and rat-intestinal α-glucosidase, glucose-6phosphate dehydrogenase, and glucose oxidase and
lipid release in adipocyte (3T3-L1) cell linked to type
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2 diabetes were determined to utilize microalgal
fucoxanthin as a dietary supplement or food
ingredient.

2 MATERIAL AND METHOD
2.1 Material
Porcine pancreatic α-amylase (EC 3.2.1.1, type
VI), potato starch, rat-intestinal acetone power,
p-nitrophenyl α-D-glucopyranoside, β-nicotinamide
adenine dinucleotide phosphate hydrate (NADP+),
glucose-6-phosphate
dehydrogenase
from
Leuconostoc mesenteroides (G6PD), 1-methoxy-5methylphenylphenazinium methyl sulfate (1-methoxy
PMS), epigallocatechin gallate (EGCG), Oil Red-O,
and fucoxanthin from brown alga with >95% purity
of all-trans form were purchased from Sigma-Aldrich
(St. Louis, MO, USA). 3T3-L1 preadipocyte cell was
purchased from the American Type Culture Collection
(Rockville, MD, USA). Fetal Bovine Serum (FBS)
and Dulbecco’s Modiﬁed Eagle’s Medium (DMEM)
were purchased from Lonza (Walkersville, MD,
USA). All other chemicals that were used in this study
were of analytical grade.
2.2 Preparation of microalgal fucoxanthin
Fucoxanthin was extracted from Phaeodactylum
tricornutum according to the method of Kawee-Ai et
al. (2013). Phaeodactylum tricornutum was obtained
from the Korea Marine Microalgae Culture Center
(KMMCC, Seoul, Korea). The previous study has
found the hot soaking extraction was the most eﬃcient
extraction method to yield 17.84±0.21 mg/g (KaweeAi et al., 2013). Four milliliters of acetone was added
to 1.0 g of the freeze-dried sample in a test tube
(15 mm×150 mm) and then incubated at 45°C for 2 h,
followed by centrifugation at 10 000×g for 10 min to
obtain the supernatant containing fucoxanthin. The
extracts were pooled and ﬁltered using Whatman No.
2 ﬁlter paper to remove the cell and cell debris. The
crude extracts were dried using a rotary evaporator
under vacuum at 40°C. The dry extract (60 mg)
dissolved in 100 mL of methanol was partitioned
using water (10 mL) and hexane (100 mL) in the ratio
of methanol/water/hexane (10:1:10, v/v/v). The lower
phase (methanol and water) was washed using hexane
several times to the point of colorless. The methanol/
water phase (110 mL) was concentrated using a rotary
evaporator under vacuum, packed into silica gel
column (2.0 cm×30.0 cm), and was then eluted using
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100 mL of hexane/acetone (2:1, v/v) to obtain
fucoxanthin. The purity of microalgal fucoxanthin
was more than 99% by HPLC analysis equipped with
ODS column.

activity (%) was calculated as the follows:

2.3 α-amylase inhibitory activity

where A0 and A1 are the absorbance of the control and
the sample, respectively.

The α-amylase inhibitory activity was determined
using the chromogenic method of Bernfeld (1955).
Porcine pancreatic α-amylase was dissolved in a 4°C
water to make up to a concentration of 4 U/mL. Potato
starch (0.5%, w/v) dissolved in 20 mmol/L phosphate
buﬀer (pH 6.9) with 6.7 mmol/L sodium chloride
played as the substrate. Forty microliters of the P.
tricornutum extracts, 400 μL of starch solution, and
160 μL of distilled water were conjoined in a test
tube. An amount of 200 μL the enzyme solution (4 U/
mL) was added to start the reaction and the mixture
was then incubated for 3 min at 25°C. This mixture
(200 μL) was added into a separating tube consist of
100
μL
of
DNS
solution
(96 mmol/L
3,5-dinitrosalicylic acid, 5.31 mol/L sodium
potassium tartrate in 2 mol/L NaOH) and was placed
into in a water bath for 15 min at 85°C, and was then
diluted with 900 μL of distilled water. The absorbance
at 540 nm was used to determine the activity of
α-amylase. Acarbose, the positive control, was
dissolved in distilled water. The α-amylase inhibitory
activity (%) was calculated as follows:

 A – A1 
Inhibition(%)   0
 100,
 A0 
where A0 and A1 are the absorbance of the control and
the sample, respectively.
2.4 α-glucosidase inhibitory activity
The α-glucosidase inhibitory activity was
determined according to the method of Kurihara et al.
(1999). One gram of rat-intestinal acetone power was
mixed in 10 mL 0.9% saline using sonication for 30 s
at 4°C three times, followed by centrifugation
(1 000g, 30 min). The supernatant was diluted 4
times with distilled water. An amount of 50 μL sample
solution was incubated with 100 μL of rat-intestinal
α-glucosidase for 10 min at 37°C. Afterwards, 50 μL
of 5 mmol/L p-nitrophenyl α-D-glucopyranoside in
0.01 mol/L phosphate buﬀer (pH 7) was added,
followed by incubation for 15 min at 37°C. The
absorbance at 540 nm was measured using a
microplate reader (Bio-Tek Instruments Inc.,
Winooski, VT, USA). The α-glucosidase inhibitory

 A – A1 
Inhibition(%)   0
 100,
 A0 

2.5 Glucose-6-phosphate dehydrogenase inhibitory
activity
The glucose-6-phosphate dehydrogenase inhibitory
activity was determined using the colorimetric
method of Olive et al. (1971) with slight modiﬁcation.
The reaction mixture contained 675 μL of 135 mmol/L
Tris-HCl buﬀer (pH 7.8), 100 μL of 30 mmol/L
glucose 6-phosphate, 100 μL of 3 mmol/L NADP+,
100 μL of 20 mmol/L magnesium chloride, and 15 μL
of the sample. The mixture reaction was initiated by
adding 10 μL of 0.035 U/mL G6PD and was then
incubated at 25°C for 15 min. The reaction was
terminated by adding 1 mL of saturated aqueous
sodium chloride. For the determination of produced
NADPH, each 400 μL of 0.05 WST-1 and
0.025 mmol/L 1-methoxy PMS was added to 400 μL
of the mixture. The absorbance at 438 nm was
measured. EGCG was used as the positive control.
2.6 Kinetic studies of α-amylase and α-glucosidase
inhibition
The enzyme inhibition reaction was performed
according to the method described above at diﬀerent
inhibitor concentrations. The plots of Dixon (1953),
and Lineweaver and Burk (1934) were used to
determine the inhibition constants (Ki) and the type of
inhibition, respectively.
2.7 3T3-L1 preadipocyte culture
The 3T3-L1 pre-adipocyte cells were cultured in
DMEM with 10% FBS and 1% penicillin (100 U/mL)streptomycin (100 μg/mL) at 37°C in 95% air and 5%
CO2 atmosphere. The 3T3-L1 pre-adipocytes
(5×103 cells/well) were seeded into a 96-well plate
and were cultured in the initiation medium containing
10 μg/mL insulin, 0.5 mmol/L isobutylmethyxanthine
and 0.1 μmol/L dexanmethazone in DMEM
supplemented with 10% FBS for 2 days. The medium
was then replaced with progression medium
containing DMEM supplemented with 10% FBS,
5 μg/mL insulin, and fucoxanthin every other day.

No.3

KAWEE-AI et al.: Antidiabetic eﬀect of fucoxanthin

931
OCOCH3

4′
HO

5′
6′

9

O
8
6

1

2
3

5

11
10

13
12

15
14

14′
15′

12′
13′

8′

10′
11′

3′
1′

H
2′

C 7′

9′

7
O

OH
H

4

Fig.1 The structure of fucoxanthin extracted from Phaeodactylum tricornutum (Kawee-ai et al., 2013)

2.8 Oil Red-O staining for lipid accumulation

2.10 Cell viability

On the 5th days of cultivation, the 3T3-L1 cells
were washed twice with PBS (pH 7.4) and ﬁxed in a
fresh 10% formalin-containing PBS solution for 1 h at
4°C. The settled cells were rinsed twice using distilled
water, stained with 0.3% Oil Red-O for 15 min at
room temperature, and then washed with distilled
water again to remove excess oil. Stained oil droplets
in the 3T3-L1 cells were extracted with 100%
isopropanol and the absorbance at 490 nm was
measured to determine lipid accumulation. Additionally,
3T3-L1 cells with no staining were incubated with
fucoxanthin and the absorbance at 490 nm was
measured. The diﬀerence of the absorbances between
the extracts from cells with and without Oil Red-O
dye was determined and was displayed as a
proportionate percentage of diﬀerentiated 3T3-L1
cells without fucoxanthin treatment (control).

The eﬀect of fucoxanthin on the viability of 3T3L1 cells was determined using EZ-cyTox Cell
Viability Assay Kit (Daeil Lab Service, Seoul, Korea).
The 3T3-L1 cells were placed into a 96-well plate at a
density of 1×104 cells/well, incubated at 37°C for
24 h, and treated with fucoxanthin for 72 h. An amount
of 20-μL WST-1 solution was added to the wells, and
the solution was further incubated at 37°C for 4 h.
The optical density at 450 nm was measured using a
microplate reader (Bio-Tek Instruments Inc.).

2.9 Glucose consumption assay
Glucose consumption assay was performed
according to the modiﬁed method of Li et al. (2007).
Brieﬂy, the 3T3-L1 adipocyte was starved for 12 h in
DMEM containing 0.1% FBS. Afterwards, the cells
were treated with fucoxanthin and 1 nmol/L insulin
for 24 h. Then, glucose (GO) assay kit was used to
measure the concentration of glucose in 0.5 mL of the
medium. The glucose consumption ratio was
calculated as the follows:
 G – G1 
Glucose consumption ratio (%)   0
 100,
 G1 

where G0 represents glucose concentration of medium
without cell and G1 represents glucose concentration
of medium with the cells.

2.11 Statistical analysis
All experiments were carried out in triplet. The
results were displayed as the mean±standard
deviation. The diﬀerences among the bioactivities of
the samples observed in the diﬀerent assays were
analyzed using an ANOVA, followed by Duncan’s
multiple comparison tests, with a P<0.05 set as the
level of signiﬁcance using the SPSS software package
(Version 16.0; SPSS Inc., Chicago, IL, USA).

3 RESULT AND DISCUSSION
In our previous study (Kawee-Ai et al., 2013), the
puriﬁed compound of microalga P. tricornutum was
identiﬁed as fucoxanthin via the analyses of LC-MS
at 450 nm and NMR (Fig.1). P. tricornutum
fucoxanthin (purity ~99%) consisted of trans (90.1%)
and two cis isomers (2.78% and 6.99%). The ratio of
trans-fucoxanthin to two cis isomers was 100:3:8.
The microalgal fucoxanthin content is inﬂuenced by
the culture conditions, mainly the residence time in
the photobioreactor and the external irradiance
intensity, which can be artiﬁcially controlled. The
fucoxanthin content of P. tricornutum was
17.5–18.0 mg/g dry weight (Kawee-Ai et al., 2013),

932

J. OCEANOL. LIMNOL., 37(3), 2019

Vol. 37

Table 1 α-amylase, α-glucosidase and glucose-6-phosphate dehydrogenase inhibitory activities of fucoxanthin puriﬁed from
P. tricornutum at diﬀerent concentrations
Compound

Fucoxanthin

Acarbose

Concentration (mmol/L)

Inhibitory activity (%)
α-amylase

α-glucosidase

Glucose-6-phosphate dehydrogenase

0.1

28.38±0.67c

25.93±1.45d

NI

0.5

47.98±1.41

28.96±1.94

NI

1.0

59.92±1.69a

32.18±2.14c

NI

0.1

25.01±1.38d

19.15±1.29e

-

0.5

b

50.50±1.78

39.96±1.88b

-

1.0

61.45±2.16a

48.92±1.91a

-

b

d,c

NI: no inhibition. a–e: The mean values in the same column with diﬀerent superscripts are signiﬁcantly diﬀerent (P<0.05).

which was much higher than those of the macroalgal
brown seaweeds Undaria pinnatifida (2.7 mg/g)
(Mori et al., 2004), Sargassum fusiforme (1.1 mg/g),
S. confusum (1.6 mg/g), Leathesia diﬀormis
(0.3 mg/g), Sphaerotrichia divaricata (0.2 mg/g), and
Desmarestia viridis (0.1 mg/g) (Terasaki et al., 2009).
3.1 Inhibitory activity of fucoxanthin against
α-amylase and α-glucosidase
Small intestinal α-glucosidase and pancreatic
α-amylase are decisive enzymes of the human
carbohydrate digestion system. Related inhibitors
may be eﬀective in retarding carbohydrate digestion
and glucose absorption to suppress postprandial
hyperglycemia hyperglycemia (Tadera et al., 2006).
Some antidiabetic drugs act through the inhibition of
complex carbohydrate digestion and absorption in the
gastrointestinal tract (Guyton and Hall, 2005). The
P. tricornutum extract was tested to determine its
inhibitory eﬀect on α-amylase and α-glucosidase,
which are well known key enzymes in the carbohydrate
metabolism. The crude extract of the P. tricornutum
exerted strong inhibitory activity against rat-intestinal
α-glucosidase and pancreatic α-amylase. The
inhibitory activities of the P. tricornutum crude
extract against α-amylase at 0.1, 0.5, and 1.0 mmol/L
were 28.38%, 47.98%, and 59.92% while 25.93%,
28.96%, and 32.18% on rat-intestinal α-glucosidase,
respectively.
Several macroalgae (brown seaweed) have been
reported to contain α-amylase and α-glucosidase
inhibitors, such as Esienia bicylis (Okada et al., 2004),
Graeloupia elliptica (Kim et al., 2008), Ishige
okamurae (Heo et al., 2009), and Sargassum patens
(Kawamura-Konishi et al., 2012). However, most of
these inhibitors were identiﬁed as bromophenols and
bromophenol derivatives (Kim et al., 2008),
diphlorethohydroxycarmalol (Heo et al., 2009), eckol,
dieckol and phlorotannins (Okada et al., 2004), and

phologlucinol derivative (Kawamura-Konishi et al.,
2012). In our previous study (Kawee-Ai et al., 2013),
the fucoxanthin with the ratio of trans-fucoxanthin to
its two isomers of 100:3:8 was puriﬁed from the
P. tricornutum extract, which was slightly diﬀerent
from 100:2:3 of the edible brown seaweed Hijikia
fusiformis (Yan et al., 1999). Hence, the inhibitory
activities of microalgal fucoxanthin against
carbohydrases were further investigated in this study.
The inhibitory activities of fucoxanthin against
α-amylase at 0.1, 0.5, and 1.0 mmol/L were 28.38%,
47.98%, and 59.92%, respectively, while 25.93%,
28.96%, and 32.18% on α-glucosidase (Table 1), in
which the inhibitory activity was stronger against
α-amylase than α-glucosidase. Most α-glucosidase
inhibitors identiﬁed from marine algae were phenolic
compounds or polyphenol derivatives (Okada et al.,
2004; Kim et al., 2008; Heo et al., 2009; KawamuraKonishi et al., 2012). In this study, fucoxanthin had
weak inhibitory activity against α-glucosidase, while
strong inhibitory activity against α-amylase (Fig.2a)
in a dose-dependent manner, with an IC50 value of
0.68 mmol/L (Fig.2a), which was almost the same as
those of diphlorethohydroxycarmalol (Heo et al.,
2009) and ﬂavonoids (Tadera et al., 2006). On the
other hand, the IC50 value, 4.75 mmol/L, of microalgal
fucoxanthin against rat-intestinal α-glucosidase
(Fig.2b) was also almost the same as that of ﬂavonoids
(Tadera et al., 2006). On the contrary, Jung et al.
(2012) reported that fucoxanthin had no inhibitory
activities against yeast α-glucosidase at the
concentration less than 200 μmol/L. Meanwhile,
acarbose, a commercial drug, had strong inhibitory
activities against both two enzymes, in which its IC50
values against pancreatic α-amylase and rat-intestinal
α-glucosidase were 0.64 and 1.11 mmol/L,
respectively. Both fucoxanthin and acarbose exhibited
the similar inhibitory activities against amylase, but
acarbose expressed stronger inhibitory activity on
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Fig.2 The inhibitory activities of fucoxanthin against pancreatic α-amylase (a) and rat-intestinal α-glucosidase (b)

α-glucosidase. However, this drug has side eﬀects
caused by the abnormal bacterial fermentation of
undigested carbohydrates due to an excessive
inhibition of α-amylase (Horii et al., 1986). α-Amylase
belongs to the family of glycoside hydrolase that
breaks down starch into glucose by acting on α-1,4
glycosidic bonds. Amylase inhibitors are also called
starch blockers because of their activity to degrade
enzymes like amylase and to decrease the starch
conversion rate (Marshall and Lauda, 1975). Lo
Piparo et al. (2008) proposed that the relationship
between the inhibitory activity and the interaction of
ﬂavonoids against human salivary α-amylase depends
on the formation of hydrogen bonds between OH
groups of ﬂavonoids and the carboxylate groups of
Glu233 and Asp197 in the active site of human
salivary α-amylase. Furthermore, both human
salivary and pancreatic α-amylase composed of
single polypeptide chains with 496 amino acids
(Gumucio et al., 1988). Therefore, the OH groups of
fucoxanthin may play the similar part in the
association with the side chains of the active site.
Hence, fucoxanthin may act as a starch blocker in the
process of carbohydrate digestion in human because
fucoxanthin had strong inhibitory activity against
α-amylase.
3.2 Inhibitory kinetics of fucoxanthin against
α-amylase and α-glucosidase
A kinetic study for the inhibition eﬀect of
fucoxanthin on α-amylase and α-glucosidase were
performed using potato starch and p-nitrophenyl α-Dglucopyranoside as the substrate. Fucoxanthin
exhibited a mixed type of inhibition against pancreatic
α-amylase with Ki and Ki values of 0.13 and
1.67 mmol/L, respectively (Fig.3a, b, Table 2), which

Table 2 The kinetic studies of fucoxanthin
α-amylase and α-glucosidase
Kinetic parameter

α-amylase

against

α-glucosidase

Ki (mmol/L)

0.13

0.05

Km (mmol/L)

3.84

11.34

Vmax (mmol/L min)

0.17

35.41

Ki (mmol/L)

1.67

3.12

Kcat (/min)

0.04

Kcat/Km (/min mmol/L)

0.01

0.28

Inhibition type

Mixed

Non-competitive

Ki: inhibition constant; Km: Michaelis constant; Vmax: maximum velocity;
Ki′: dissociation constant; Kcat: Catalytic constant.

was characterized by a combination of competitive
and non-competitive inhibition (Li et al., 2006). This
type of inhibition against amylase was also reported
in the phenolics of ﬁnger millet malt (Chethan et al.,
2008) and wheat inhibitors of Rhyzopertha dominica,
with the Ki values of 0.013 and 0.018 μmol/L,
respectively (Priya et al., 2010). In the contrast,
phlorotannins showed the competitive inhibition,
with a Ki value of 1.8 μg/mL (Kawamura-Konishi et
al., 2012). Fucoxanthin inhibited α-glucosidase in a
noncompetitive inhibition, with a Ki value of
0.05 mmol/L (Fig.3c, d). According to the above
result, the velocity of the reaction catalyzed by
α-glucosidase was slowed down as the concentration
of fucoxanthin increased. The kinetic values of
α-amylase and α-glucosidase are presented in Table 2.
The similar result was also reported for millet seed
coat phenolics, with the Km and Vmax of 8.0 mmol/L
and 83.3 mmol/L/min, respectively (Shobana et al.,
2009). The Kcat values, turnover number, and Kcat/Km,
catalytic eﬃciency, of α-amylase and α-glucosidase
were 0.04 and 3.12/min, and 0.01 and 0.28/min
mmol/L, respectively.
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3.3 The eﬀect of fucoxanthin in 3T3-L1 cells
The eﬀect of fucoxanthin on preadipocyte
diﬀerentiation was determined using lipid
accumulation as a marker for adipogenesis. Lipid
droplets were quantiﬁed by Oil Red-O staining
(Fig.4). The Oil Red-O staining revealed that micro-

and macroalgal fucoxanthin eﬀectively inhibited lipid
accumulation in the 3T3-L1 cells in a dose-dependent
manner. The Oil Red-O staining level of 3T3-L1 cells
administered with 5, 10 and 20 μmol/L microalgal
fucoxanthin reduced the lipid accumulation in the
3T3-L1 adipocyte by 90.27%, 88.05%, and 77.43%,
respectively, while 86.28%, 83.19%, and 84.07% for
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macroalgal fucoxanthin. However, fucoxanthin had
no
activity
against
glucose-6-phosphate
dehydrogenase (G6PD), which was also an eﬀective
therapeutic target for obesity and diabetes (Table 1).
G6PD is an important factor in the pentose phosphate
pathway (PPP) to generate the reduced nicotinamide
adenine dinucleotide phosphate (NADPH). NADPH
is an essential reducing agent in the lipogenic
processes to synthesize fatty acid and cholesterol
(Mikami et al., 2013). Obese and diabetic symptoms
such as chronic inﬂammation, oxidative stress, and
lipid dysregulation are strongly related to the elevated
expression of G6PD (Shin et al., 2008). The
macroalgal fucoxanthin suppressed the diﬀerentiation
of 3T3-L1 predipocytes into adipocytes by downregulating peroxisome proliferator-activated receptor
γ (PPARγ) (Maeda et al., 2006; Kang et al., 2011).
Macroalgal fucoxanthin signiﬁcantly suppressed lipid
accumulation and decreased lipid peroxidation in
hepatocytes, in which it decreased lipogenesis-related
transcription factor expression, including sterol
regulatory element-binding proteins 1c and
peroxisome proliferator-activated receptor γ (Chang
et al., 2018). It also reduced fatty acid synthase
expression and increased adipose triglyceride lipase
and the phosphorylation of hormone-sensitive lipase
production for lipolysis. Furthermore, fucoxanthin
signiﬁcantly increased phosphorylation of AMPactivated protein kinase (AMPK), and decreased
activity of acetyl-CoA carboxylase for regulating
fatty acid synthesis, resulting in increasing lipolysis
and inhibiting lipogenesis in oleic acid induced fatty
liver cells through the promoted Sirt1/AMPK pathway
(Chang et al., 2018). The microalgal fucoxanthin did
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not aﬀect cell viability or cause cytotoxicity in the
3T3-L1 cells (Fig.5), which was the same as the
macroalgal fucoxanthin of Undaria pinnatifida
(Maeda et al., 2006) and Petalonia binghamiae (Kang
et al., 2011). Both micro- and macroalgal fucoxanthins
increased glucose oxidase activity in the 3T3-L1 cells
by more than 29% compared with the control (Fig.6).
The glucose oxidase activities at 5, 10, and 20 μmol/L
of microalgal fucoxanthin were 131.30%, 129.57%
and 128.63%, respectively, which was similar to
131.00%, 132.33% and 130.80% of macroalgal
fucoxnathin. At tested concentrations, the microalgal
fucoxanthin (>90% of trans) had the ability to
enhance glucose metabolism and to inhibit the
diﬀerentiation in adipocytes cells, which was the
same as did macroalgal fucoxanthin (>95% of trans).
Therefore, it could be concluded that the ratio of
trans- to cis-isomers did not aﬀect the ability of
fucoxanthin on glucose metabolism and the
diﬀerentiation of adipocytes cells. The antidiabetic
activity of fucoxanthin was the same as that of
ﬂavonoids and alkaloids by suppressing adipocyte
diﬀerentiation and modulation of carbohydrate
metabolic enzymes (Hii and Howell, 1985; García
López et al., 2004). Thus, the microalgal fucoxanthin
might be utilized as a functional ingredient for the
prevention of obesity or type 2 diabetes.

4 CONCLUSION
One therapeutic approach for preventing obesity
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and diabetes mellitus is to retard or decrease the
absorption of glucose as well as lipid accumulation.
The microalgal fucoxanthin exerted strong inhibitory
activity against α-amylase, whereas weak inhibitory
activity against α-glucosidase. The microalgal
fucoxanthin also improved glucose metabolism
through the induction of glucose oxidase activity and
reduced lipid accumulation, with no cytotoxicity in
the 3T3-L1 cells. Moreover, the microalgal
fucoxanthin might exhibit antidiabetic activity
through the inhibition of carbohydrate-digesting
enzymes by delaying the absorption of dietary
carbohydrates from the digestive organs, suppressing
the increased blood glucose level after a meal, and
decreased lipid accumulation. In addition, the ratio of
trans- to cis-isomers did not aﬀect the ability of
fucoxanthin on glucose metabolism and the
diﬀerentiation of adipocytes cells. Therefore, the
microalgal fucoxanthin has the potential application
to prevent obesity and type 2 diabetes and could be
utilized as an ingredient for the manufacture of
functional foods or dietary supplement.
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