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Abstract High-fat diet (HFD)-induced obesity is associated

with oxidative stress. The purpose of this study was to

examine the antioxidant effect of Phaeodactylum tricornutum

extract in mice with diet-induced obesity. Four-week-old

C57BL/6J mice were fed a normal diet or HFD with and

without 0.7% P. tricornutum lipid extract corresponding to

0.2% fucoxanthin for 8 weeks. P. tricornutum significantly

decreased body weight and epidydimal white adipose

tissue in mice fed the HFD. Serum triglyceride, glucose,

insulin, and leptin levels, as well as homeostasis model

assessment for insulin resistance (HOMA-IR) values, were

significantly lower in the P. tricornutum group than in the

HFD group. P. tricornutum significantly decreased thio-

barbituric acid reactive substances (TBARS) and increased

glutathione and the activities of superoxide dismutase,

catalase, and glutathione peroxidase in the liver compared

with the HFD group. Thus, P. tricornutum could exert anti-

obesity and antioxidant effects in mice fed a HFD.

Keywords: Phaeodactylum tricornutum, fucoxanthin,

obesity, antioxidant, glucose

Introduction

Obesity, which is defined as the excessive accumulation of

body fat that may impair health, has become an epidemic

worldwide health problem. Obesity represents a strong risk

for the development of type 2 diabetes, hyperlipidemia,

cardiovascular diseases (CVDs), and some cancers (1). The

consumption of a high-fat diet (HFD) has been demonstrated

to induce obesity, insulin resistance, and hyperlipidemia in

experimental animals (2-4). Mounting evidence indicates

that obesity induces oxidative stress (5,6). Reactive oxygen

species (ROS) are overproduced and the antioxidant defense

system, including antioxidants and antioxidant enzymes, is

inhibited in obese animals and humans. Such oxidative

stress could underlie the pathogenesis of obesity-related

chronic diseases, such as CVDs and diabetes (7).

Recently, fucoxanthin has received much attention as a

compound having an anti-obesity effect. Fucoxanthin is a

carotenoid that is abundant in marine environments, especially

in macroalgae and microalgae (8). The fucoxanthin-rich

fraction or fucoxanthin prepared from macroalgae such as

Undaria pinnatifida has been shown to exert anti-obesity

and hypolipidemic effects in diet-induced and genetically

obese animals (3,4,9-11). Recently, the marine diatom

Phaeodactylum tricornutum has been reported to be a good

source of fucoxanthin (12). P. tricornutum is a microalga

that contains fucoxanthin as a major pigment, which plays

a crucial role in the light-harvesting complexes of photo-

systems (13). Because fucoxanthin is at least 10 times

more abundant in P. tricornutum than in macroalgae (12),

P. tricornutum is expected to be beneficial in the

management of obesity. However, the anti-obesity effect of

P. tricornutum has not been studied in vivo.

Fucoxanthin has demonstrated antioxidant activity in

vitro. It has singlet oxygen-quenching and radical scavenging

activities (14-16) and has been shown to inhibit the
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production of intracellular ROS and cell damage induced

by hydrogen peroxide (17). Thus, fucoxanthin could be

effective in alleviating oxidative stress associated with

obesity. However, most investigations of the antioxidant

effects of fucoxanthin have focused on in vitro studies,

whereas in vivo studies have been limited. Therefore, in the

current study, the effects of fucoxanthin-rich extract

prepared from P. tricornutum on obesity and antioxidant

status in HFD-induced obese mice were evaluated.

Materials and Methods

Reagents Casein, D,L-methionine, a mineral mixture, and

a vitamin mixture were purchased from ICN Pharmaceuticals

Inc. (Costa Mesa, CA, USA) and tert-butyl hydroquinone

from Fluka Co. (Milwaukee, WI, USA). Cornstarch was

acquired from Daesang Co. (Seoul, Korea), and sucrose

and soybean oil were purchased from Cheiljedang Co.

(Seoul, Korea). Lard was obtained from Lotte Samgang

Co. (Seoul, Korea). Assay kits for triglycerides, cholesterol,

and glucose were obtained from Asan Co. (Seoul, Korea).

The insulin assay kit was purchased from Linco Co. (St.

Charles, MO, USA) and the leptin assay kit was from

BioVendor Laboratorní Medicina a.s. (Modrice, Czech

Republic). HPLC-grade methanol and acetonitrile were

purchased from Fisher Scientific (Pittsburgh, PA, USA).

Cellulose, choline bitartrate, and all other reagent-grade

chemicals were obtained from Sigma-Aldrich (St. Louis,

MO, USA).

Preparation of fucoxanthin-rich lipid extract of P.

tricornutum P. tricornutum was obtained from the Korea

Marine Microalgae Culture Center (Seoul, Korea). The

alga was cultivated in a 30-L plastic cylinder at 20oC,

where air was continuously supplied at 5 L/min by air lift.

The light intensity provided by 60 W fluorescent lamps

was maintained at 2,500 lx. The alga was cultured in

Conway medium, which was prepared with filter-sterilized

seawater, for 5 days. The cells were precipitated by adding

200 ppm Al2(SO4)3 (v/v), collected by centrifugation at

10,000×g for 10 min using a basket centrifuge (Hansung,

Seoul, Korea), and freeze dried. The sample was pulverized

into powder by grinding in a mortar and stored at −80oC

prior to extraction.

P. tricornutum was extracted with 4 volumes of acetone

at 45oC for 2 h and centrifuged at 10,000×g for 10 min.

After the supernatant was filtered with Whatman no. 2

filter paper, it was dried using a rotary evaporator under

vacuum at 40oC. The dried supernatant (60 mg) was

dissolved in methanol (100 mL) and water (10 mL) and

then hexane (100 mL) was added for partitioning in

methanol/water/hexane (10:1:10, v/v/v). The lower phase

(methanol/water phase) was washed several times with

hexane until colorless and then concentrated using a rotary

evaporator under vacuum. The concentrated methanol/

water phase (2 mL) was loaded onto a silica gel column

(2.0×30.0 cm), and then eluted with 100 mL hexane/

acetone (6:3, v/v). The eluent was concentrated using a

rotary evaporator.

The concentration of fucoxanthin in the extract was

analyzed by HPLC (Trilution LC 2.1; Gilson Inc.,

Middleton, WI, USA) using an ODS-80Ts column (4.6×

150 mm, 5.0 µm; Tosoh Corporation, Tokyo, Japan)

according to the method of Liu et al. (18). The mobile

phase consisted of methanol/acetonitrile (70:30, v/v) and

the flow rate was 0.8 mL/min. For the detection of

fucoxanthin, the absorbance was monitored at 450 nm

using a UV-Vis detector. The P. tricornutum extract was

determined to contain 31.9% fucoxanthin.

Animals and experimental protocol Four-week-old

male C57BL/6J mice (n=21) obtained from Bio Genomics,

Inc. (Seoul, Korea) were housed individually in plastic

cages under standard laboratory conditions at a temperature

of 24±5oC and a relative humidity of 55±5% with a

regular light cycle (06:00-18:00 light, 18:00-06:00 dark).

All mice were divided randomly into 3 groups after 1 week

of adaptation, during which time they had free access to

commercial chow. Normal diet (ND), HFD, and HFD with

P. tricornutum (HFD+PT) groups were fed a basal diet

based on the standard AIN-76 diet composition containing

5% corn oil, a HFD containing 3% corn oil and 17% lard,

and a HFD containing 0.7% P. tricornutum extract,

respectively, ad libitum for 8 weeks (Table 1). The

compositions of the ND and HFD were selected based on

a study by Kim et al. (2), in which the fat-calorie percentages

were 11.5 and 39.0%, respectively. Body weight and food

intake were measured once and 3 times a week,

respectively. All procedures for this study were approved

by the Animal Resource Center at Inje University.

Analytical sample preparation At the end of the

experiment, the mice were sacrificed by heart puncture

following an overnight fast. Blood and liver samples were

collected immediately and blood samples were centrifuged

at 1,500×g for 15 min to acquire serum. Serum and liver

samples were stored at −70oC for further analysis.

Epidydimal white adipose tissue (WAT) samples were

collected and weighed.

Biochemical analyses of serum Serum triglyceride, total

cholesterol, and glucose levels were measured by enzymatic

methods using commercial kits. Serum leptin and insulin

levels were determined by enzyme-linked immunosorbent

assay (ELISA) and radioimmunoassay, respectively, using
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commercial kits. Homeostasis model assessment of insulin

resistance (HOMA-IR) values was estimated by dividing

the product of fasting insulin (µU/mL) and glucose (mmol/

L) levels by 22.5 (19).

Measurement of lipid peroxide and glutathione

concentrations in liver Hepatic lipid peroxidation was

evaluated as thiobarbituric acid reactive substances

(TBARS) using the method of Ohkawa et al. (20). Liver

tissue was homogenized in 5 volumes of 10 mM sodium

phosphate buffer (pH 7.4). The homogenate (0.5 mL) and

the solution composed of 15% trichloroacetic acid (TCA),

0.4% thiobarbituric acid (TBA), and 2.5% HCl (1 mL)

were combined and placed at 100oC for 45 min. After

cooling, the reaction mixture was centrifuged at 1,500×g

for 10 min. The absorbance of adduct of malondialdehyde

(MDA) and TBA formed was measured at 534 nm. The

protein content was measured using the Bradford method

(21) with bovine serum albumin as the standard. The level

of lipid peroxides was expressed as nmol MDA/mg protein.

The glutathione (GSH) level in the liver was determined

using the method of Ellman (22). Each liver sample was

homogenized in 9 volumes of 0.1 mM phosphate buffer

(pH 7.4). After centrifugation (10,000×g at 4oC for 30

min), the supernatant (0.5 mL) was mixed with 4.5 mL 5,5-

dithiobis-2-nitrobenzonic acid (DTNB) working solution

containing 10 mM DTNB and 0.1 M phosphate buffer (pH

8.0; 1:90, v/v). The reaction mixture was incubated at

room temperature for 15 min and then the absorbance was

measured at 534 nm.

Measurement of antioxidant enzyme activities in the

liver To measure the activities of superoxide dismutase

(SOD), catalase (CAT), and glutathione peroxidase (GSH-

Px), liver tissue samples were prepared. Each liver sample

was homogenized in 10 volumes of 50 mM phosphate

buffer (pH 7.4) and centrifuged at 1,000×g at 4oC for 10

min. The supernatant was used for the measurement of

CAT and GSH-Px activities according to the Abei method

(23) and the method developed by Paglia and Valentine

(24), respectively. One unit of CAT activity was defined as

µmol of hydrogen peroxide reduced/min. One unit of

GSH-Px activity was defined as nmol of NADPH substrate

converted to NADP+/min. To measure SOD activity, the

supernatant was further centrifuged at 10,000×g for 20 min

and activity was measured in the final supernatant according

to the method developed by Marklund and Marklund (25).

One unit of SOD activity was defined as the amount of

enzyme that reduced the rate of pyrogallol autoxidation by

50%. All assays were carried out in triplicate using a

spectrophotometer (U-2000; Hitachi Ltd., Tokyo, Japan).

The enzyme activities were expressed as specific activity

(U/mg protein).

Statistical analyses All data are expressed as the mean±

standard error of the mean (SEM). A one-way analysis of

variance (ANOVA) with a post hoc Tukey’s test was used

to evaluate significant differences among groups (p<0.05).

Results and Discussion

Body weight, epidydimal fat weight, and food intake

The body weights, weight gains, weights of epidydimal

WAT, food intakes, and feed efficiency ratios (FERs) of the

animals are listed in Table 2. The final body weight, weight

gain, and epidydimal fat pad weight (mg/100 g BW) were

significantly higher in the HFD group than in the ND

group. However, the consumption of fucoxanthin-rich lipid

extract of P. tricornutum at 0.7% of the diet significantly

reduced these levels by 8, 29, and 24%, respectively,

compared with the HFD group (p<0.05, p<0.01, and p<

0.01, respectively). These values of the HFD+PT group did

not differ significantly from those of the ND group.

Although food intake did not differ significantly among the

3 groups, the FER was highest in the HFD group, lowest

in the ND group, and intermediate in the HFD+PT group

(p<0.05).

Since Maeda et al. (9) first reported that lipids from U.

pinnatifida offered at 2% of diet (equivalent to 0.2%

fucoxanthin) decreased abdominal WAT weights in rats

and KK-Ay mice, many studies have shown anti-obesity

Table 1. Composition of experimental diets (%)

Ingredient
 Group1)

ND HFD HFD+PT

Casein 20.00 20.00 20.00

Corn starch 15.00 12.10 12.10

Sucrose 50.00 37.00 37.00

α-Cellulose 05.00 05.00 05.00

Corn oil 05.00 03.00 02.30

Lard - 17.00 17.00

Vitamin mixture2) 01.00 01.20 01.20

Mineral mixture2) 03.50 04.20 04.20

D,L-Methionine 00.30 00.30 00.30

Choline bitratrate 00.20 00.20 00.20

tert-Butyl hydroquinone3)  0.001  0.004  0.004

P. tricornutum extract - - 00.70

1)NC, normal diet; HFD, high-fat diet; HFD+PT, high-fat diet containing
0.7% P. tricornutum extract

2)AIN-76 Vitamin mixture, AIN-76 Mineral mixture, ICN Pharma-
ceuticals, Costa Mesa, CA, USA 

3)Antioxidative agent, 0.01 g/50 g of lipids
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effects of fucoxanthin-rich lipid extract or pure fucoxanthin

obtained from macroalgae in genetically and diet-induced

obese rodents (3,4,9-11,26-28). In this study, P. tricornutum

extract containing 31.9% fucoxanthin was offered to mice

at 0.7% of HFD to investigate anti-obesity effect. The

0.7% P. tricornutum extract, which contains the equivalent

of 0.2% fucoxanthin, effectively alleviated HFD-induced

obesity. Fucoxanthin has shown anti-obesity effects by up-

regulating the expression of uncoupling protein-1 (UCP-1)

in WAT, which could play an important role in energy

metabolism to avoid the excessive accumulation of body

fat (9,26). Fucoxanthin has also been reported to inhibit

pancreatic lipase activities in vitro and suppress triglyceride

absorption in vivo (29). P. tricornutum extract could reduce

weight gain and WAT accumulation by increasing UCP-1

expression in WAT and inhibiting the absorption of dietary

fat by fucoxanthin.

Hypolipidemic and hypoglycemic effects of P. tricornutum

Serum triglyceride levels were significantly higher in the

HFD group (99.7±6.1 mg/dL) than in the ND group (77.4

±5.2 mg/dL; p<0.05; Table 3). However, the consumption

of P. tricornutum significantly lowered serum triglyceride

levels (82.4±4.0 mg/dL; p<0.05) by 17% compared with

those in the HFD group. Serum total cholesterol levels did

not differ significantly among the 3 groups. Fucoxanthin

has been reported to reduce serum triglyceride levels in

mice fed a HFD (27,28). The consumption of fucoxanthin

effectively reduced the activities of fatty acid synthase,

malic enzyme, and glucose-6-phosphate dehydrogenase in

the liver (4,27) and WAT (28). In addition, supplementation

of fucoxanthin resulted in increased excretion of fecal

lipids (4). Thus, the hypotriglycemic effect of P. tricornutum

could be due to reduced activities of lipogenic enzymes

and increased excretion of dietary fat by fucoxanthin.

In the HFD group, serum glucose levels (135.2±6.2 mg/

dL) were significantly higher compared with the ND group

(102.5±4.4 mg/dL; p<0.05); the HFD+PT group showed a

16% reduction in glucose levels (113.1±4.7 mg/dL; p<

0.05) compared with the ND group. Serum insulin and

leptin levels in the HFD group (45.5±2.0 µU/mL and 9.9±

0.4 ng/mL, respectively) were elevated compared with the

ND group (26.7±1.8µU/mL and 5.9±0.3 ng/mL, respectively;

p<0.01), whereas these levels were significantly reduced in

the HFD+PT group by both 29% (32.5±1.7 µU/mL and

6.4±0.3 ng/mL, respectively; p<0.01) compared with the

HFD group. Serum glucose, insulin, and leptin levels of the

HFD+PT and ND groups did not differ significantly.

HOMA-IR values were significantly lower in the ND and

HFD+PT groups (6.8±0.6 and 9.1±0.8, respectively) than

in the HFD group (15.3±1.2; p<0.01).

A HFD promotes hyperleptinemia, hyperinsulinemia,

and moderate hyperglycemia along with insulin resistance

(3,11,26). In this study, mice fed a HFD showed higher

Table 2. Body weight, food intake, and feed efficiency ratio of C57BL/6J mice fed the experimental diets

Group1) ND HFD HFD+PT

Initial body weight (g) 0020.7±0.2ns2).0 20.5±0.200 20.8±0.30

Final body weight (g) 25.4±0.4a*. 29.7±0.9b0 27.3±0.5a

Weight gain (g/day) 000.085±0.006a**. 0.163±0.018b 00.115±0.011a

Epidydimal fat pad weight (mg/g BW) 020.0±1.2a** 28.2±1.7b0 21.5±1.2a

Food intake (g/day) 3.55±0.15ns 3.31±0.140 03.21±0.14

FER3) (%) 2.43±0.21a* 4.87±0.40c 03.58±0.32b

1)NC, normal diet; HFD, high-fat diet; HFD+PT, high-fat diet containing 0.7% P. tricornutum extract
2)Values are presented as mean±SEM (n=7); Means in the same row not sharing a common alphabet are significantly different at *p<0.05 and
**p<0.01; ns, not significant

3)Feed efficiency ratio (FER, %)=[body weight gain (g/day)/food intake (g/day)]×100

Table 3. Serum biochemisty and HOMA-IR in C57BL/6J mice fed the experimental diets

Group1) ND HFD HFD+PT

Triglycerdie (mg/dL) 077.4±5.2a*2) 099.7±6.1b 082.4±4.0a

Total cholesterol (mg/dL) 098.4±5.2ns 116.4±6.8 096.6±5.8

Glucose (mg/dL) 102.5±4.3a* 135.2±6.2b 113.1±4.7a

Insulin (µU/mL) 026.7±1.8a** 045.5±2.0b 032.5±1.7a

Leptin (ng/mL) 005.9±0.3a** 009.9±0.4b 006.4±0.3a

HOMA-IR3) 006.8±0.6a** 015.3±1.2b 009.1±0.8a

1)NC, normal diet; HFD, high-fat diet; HFD+PT, high-fat diet containing 0.7% P. tricornutum extract
2)Values are presented as mean±SEM (n=7); Means in the same row not sharing a common alphabet are significantly different at *p<0.05 and
**p<0.01; ns, not significant

3)Homeostasis model assessment for insulin resistance (HOMA-IR)=[insulin (µU/mL)×glucose (mmol/L)]/22.5
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serum insulin, leptin, and glucose levels and HOMA-IR, an

index of insulin resistance, relative to the ND-fed mice.

These elevated parameters were reduced by consumption

of P. tricornutum to become comparable with those of the

ND group. Leptin is secreted from adipocytes and controls

body weight and fat accumulation by regulating energy

expenditure (30). Obesity is related to leptin resistance and

hyperleptinemia (31). Previous studies have reported that

fucoxanthin decreases plasma leptin levels (27,28) and

mRNA expression of leptin in the WAT of obese mice (26),

which have been associated with the reduction of body fat

accumulation. Visceral adipose tissue in obesity is strongly

associated with insulin resistance (32). The reduction of

body weight and epidydimal WAT by P. tricornutum could

contribute to the improvement of insulin resistance and,

thereby, the suppression of hyperglycemia induced by a HFD.

Nishikawa et al. (33) reported that fucoxanthin alleviated

hyperglycemia and hyperinsulinemia by promoting glucose

transporter 4 (GLUT4) translocation and expression in

diabetic/obese KK-Ay mice. Further, fucoxanthin increased

activities of glycolytic enzyme such as hepatic glucokinase

and decreased activities of gluconeogenic enzymes such as

glucose-6-phosphase and phosphoenolpyruvate carboxykinase

in HFD-fed mice (27). Therefore, the hypoglycemic effect

of P. tricornutum could be mediated partly by activation of

the insulin signaling pathway and modification of the

activities of glucose-regulating enzymes by fucoxanthin.

Antioxidant effect of P. tricornutum The effects of P.

tricornutum on lipid peroxide and GSH concentrations and

the activities of antioxidant enzymes in the liver are shown

in Fig. 1. Feeding with a HFD increased hepatic TBARS

(0.669±0.041 nmol MDA/mg protein) and decreased GSH

levels (19.4±0.8 nmol/mg protein) compared with the ND

Fig. 1. Lipid peroxide and glutathione levels and activities of antioixdative enzymes of the liver in C57BL/6J mice fed the
experimental diets. A, TBARS; B, GSH; C, SOD activity; D, CAT activity; and E, GSH-Px activity. NC, normal diet; HFD, high-fat diet;
HFD+PT, high-fat diet containing 0.7% P. tricornutum extract. Values are presented as mean±SEM (n=7); Each bar with different letters
is significantly different at p<0.05 (A, B, C, and D) and *p<0.05 and **p<0.01 (E).
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group (0.525±0.033 nmol MDA/mg protein and 23.4±1.2

nmol/mg protein, respectively; p<0.05). The activities of

hepatic SOD, CAT, and GSH-Px were significantly lower

in the HFD group (4.08±0.24, 76.7±4.7, and 58.3±3.9 U/

mg protein, respectively) than in the ND group (5.14±0.28,

97.4±5.0, and 79.8±5.5 U/mg protein; p<0.05). These

results are consistent with those of previous studies, which

demonstrated that high-fat feeding increased lipid peroxides

and reduced GSH content and the activities of antioxidative

enzymes of the liver in rodents (34). However, the

consumption of P. tricornutum reduced TBARS and

elevated GSH levels of mice fed a HFD (0.555±0.027

nmol MDA/mg protein and 22.6±0.8 nmol/mg protein,

respectively; p<0.05), to values comparable with those of

the ND group. In addition, supplementation of P. tricornutum

significantly induced SOD, CAT, and GSH-Px activities

(4.98±0.21, 92.9±4.5, and 85.6±5.4 U/mg protein,

respectively; p<0.05, p<0.05, and p<0.01, respectively)

compared with the HFD group.

HFD-induced oxidative stress has been reported to

trigger insulin resistance (34). In addition, oxidative stress

is strongly related to the development of CVDs and type 2

diabetes in obesity (7). In this study, P. tricornutum alleviated

the oxidative stress in HFD-fed mice by increasing hepatic

GSH levels and potentiating the antioxidative enzyme

system. GSH is a potent antioxidant that is involved in

scavenging ROS and removing lipid peroxides (35). SOD,

CAT, and GSH-Px also play a crucial role in the antioxidant

defense mechanism (36). SOD catalyzes the conversion of

superoxide radicals to hydrogen peroxide, which can then

be degraded into water by CAT or be involved in the

oxidization of GSH to glutathione disulfide (GSSG) by

GSH-Px. Therefore, the alleviation of oxidative stress by P.

tricornutum could contribute to the improvement of insulin

sensitivity and reduction of risks for CVDs and type 2

diabetes in diet-induced obese mice. Marxen et al. (37)

reported that P. tricornutum extract exerted DPPH radical

scavenging activity in vitro and suggested that carotenoids

could be responsible for the antioxidant activity. Fucoxanthin

showed antioxidant activity in vitro (14-17) and was

reported to be the major antioxidant in P. tricornutum (15)

and Hijikia fusiformis, a brown algae (16). Thus, the

antioxidant activity of P. tricornutum in HFD-fed mice

could be due to fucoxanthin.

In conclusion, P. tricornutum effectively reduced body

weight and epidydimal WAT and alleviated hyperglycemia,

hyperinsulinemia, and hypertriglyceridemia in mice fed a

HFD. It also decreased hepatic lipid peroxides and increased

GSH and antioxidant enzyme activities. Therefore, P.

tricornutum may be useful in preventing obesity and

insulin resistance induced by high-fat feeding in mice.

References

1. Calle EE, Thun MJ, Petrelli JM, Rodriguez C, Heath CW. Body-
mass index and mortality in a prospective cohort of US adults. New
Engl. J. Med. 341: 1097-1105 (1999) 

2. Kim KY, Lee HN, Kim YJ, Park T. Garcinia cambogia extract
ameliorates visceral adiposity in C57BL/6J mice fed on a high-fat
diet. Biosci. Biotech. Bioch. 72: 1772-1780 (2008)

3. Maeda H, Hosokawa M, Sashima T, Murakami-Funayama K,
Miyashita K. Anti-obesity and anti-diabetic effects of fucoxanthin
on diet-induced obesity conditions in a murine model. Mol. Med.
Rep. 2: 897-902 (2009)

4. Woo MN, Jeon SM, Kim HJ, Lee MK, Shin SK, Shin YC, Park
YB, Choi MS. Fucoxanthin supplementation improves plasma and
hepatic lipid metabolism and blood glucose concentration in high-
fat fed C57BL/6N mice. Chem.-Biol. Interact. 186: 316-322 (2010)

5. Milagro FI, Campión J, Martínez JA. Weight gain induced by high-
fat feeding involves increased liver oxidative stress. Obesity 14:
1118-1123 (2006)

6. Kang MY, Kim SM, Rico CW, Lee SC. Hypolipidemic and
antioxidative effects of rice bran and phytic acid in high fat-fed
mice. Food Sci. Biotechnol. 21: 123-128 (2012)

7. Higdon JV, Frei B. Obesity and oxidative stress: A direct link to
CVD? Arterioscl. Throm. Vas. 23: 365-367 (2003)

8. Haugan JA, Liaaen-Jensen S. Naturally occurring stereoisomers of
fucoxanthin. Phytochemistry 31: 1359-1361 (1992)

9. Maeda H, Hosokawa M, Sashima T, Funayama K, Miyashita K.
Fucoxanthin from edible seaweed, Undaria pinnatifida, shows
antiobesity effect through UCP1 expression in white adipose tissues.
Biochem. Bioph. Res. Co. 332: 392-397 (2005)

10. Jeon SM, Kim HJ, Woo MN, Lee MK, Shin YC, Park YB, Choi
MS. Fucoxanthin-rich seaweed extract suppresses body weight gain
and improves lipid metabolism in high-fat-fed C57BL/6J mice.
Biotechnol. J. 5: 961-969 (2010)

11. Hosokawa M, Miyashita T, Nishikawa S, Emi S, Tsukui T, Beppu F,
Okada T, Miyashita K. Fucoxanthin regulates adipocytokine mRNA
expression in white adipose tissue of diabetic/obese KK-Ay mice.
Arch. Biochem. Biophys. 504: 17-25 (2010)

12. Kim SM, Jung YJ, Kwon ON, Cha KH, Um BH, Chung D, Pan
CH. A potential commercial source of fucoxanthin extracted from
the microalga Phaeodactylum tricornutum. Appl. Biochem. Biotech.
166: 1843-1855 (2012)

13. Bertrand M. Carotenoid biosynthesis in diatoms. Photosynth. Res.
106: 89-102 (2010)

14. Sachindra NM, Sato E, Maeda H, Hosokawa M, Niwano Y, Kohno
M, Miyashita K. Radical scavenging and singlet oxygen quenching
activity of marine carotenoid fucoxanthin and its metabolites. J. Agr.
Food Chem. 55: 8516-8522 (2007)

15. Kikuchi M, Hirano A, Kunito S, Kawakami Y. Fucoxanthin, an
antioxidative substance from marine diatom Phaeodactylum
tricornutum. J. Mar. Biotechnol. 3: 132-135 (1995)

16. Yan X, Chuda Y, Suzuki M, Nagata T. Fucoxanthin as the major
antioxidant in Hijikia fusiformis, a common edible seaweed. Biosci.
Biotech. Bioch. 63: 605-607 (1999)

17. Heo SJ, Ko SC, Kang SM, Kang HS, Kang HS, Kim JP, Kim SH,
Lee KW, Cho MG, Jeon YJ. Cytoprotective effect of fucoxanthin
isolated from brown algae Sargassum siliquastrum against H2O2-
induced cell damage. Eur. Food Res. Technol. 228: 145-151 (2008)

18. Liu CL, Huang YS, Hosokawa M, Miyashita K, Hu ML. Inhibition
of proliferation of a hepatoma cell line by fucoxanthin in relation to
cell cycle arrest and enhanced gap junctional intercellular
communication. Chem.-Biol. Interact. 182: 165-172 (2009)

19. Haffner SM, Miettinen H, Stern MP. The homeostasis model in the
San Antonio heart study. Diabetes Care 20: 1087-1092 (1997)

20. Ohkawa H, Ohishi N, Yagi K. Assay for lipid peroxides in animal
tissues by thiobarbituric acid reaction. Anal. Biochem. 95: 351-358
(1979)



Antioxidant Effect of P. tricornutum 113

21. Bradford MM. A rapid and sensitive method for the quantitation of
microgram quantities of protein utilizing the principle of protein-dye
binding. Anal. Biochem. 72: 248-254 (1976)

22. Ellman GL. Tissue sulfhydryl groups. Arch. Biochem. Biophys. 82:
70-77 (1959)

23. Aebi H. Catalase. Vol. 2, pp. 673-684. In: Methods in Enzymatic
Analysis. Academic Press, New York, NY, USA (1974) 

24. Paglia DE, Valentine WN. Studies on the quantitative and
qualitative characterization of erythrocyte glutathione peroxidase. J.
Lab. Clin. Med. 70: 158-169 (1967)

25. Marklund S, Marklund G. Involvement of the superoxide anion
radical in the autoxidation of pyrogallol and a convenient assay for
superoxide dismutase. Eur. J. Biochem. 47: 469-474 (1974)

26. Maeda H, Hosokawa M, Sashima T, Miyashita K. Dietary
combination of fucoxanthin and fish oil attenuates the weight gain
of white adipose tissue and decreases blood glucose in obese/
diabetic KK-Ay mice. J. Agr. Food Chem. 55: 7701-7706 (2007)

27. Park HJ, Lee MK, Park YB, Shin YC, Choi MS. Beneficial effects
of Undaria pinnatifida ethanol extract on diet-induced-insulin
resistance in C57BL/6J mice. Food Chem. Toxicol. 49: 727-733
(2011)

28. Woo MN, Jeon SM, Shin YC, Lee MK, Kang MA, Choi MS. Anti-
obese property of fucoxanthin is partly mediated by altering lipid-
regulating enzymes and uncoupling proteins of visceral adipose
tissue in mice. Mol. Nutr. Food Res. 53: 1603-1611 (2009)

29. Matsumoto M, Hosokawa M, Matsukawa N, Hagio M, Shinoki A,
Nishimukai M, Miyashita K, Yajima T, Hara H. Suppressive effects
of the marine carotenoids, fucoxanthin, and fucoxanthinol on
triglyceride absorption in lymph duct-cannulated rats. Eur. J. Nutr.

49: 243-249 (2010)
30. Pelleymounter MA, Cullen MJ, Baker MB, Hecht R, Winters D,

Boone T, Collins F. Effects of the obese gene product on body
weight regulation in ob/ob mice. Science 269: 540-543 (1995)

31. Matsuzawa Y. The metabolic syndrome and adipocytokines. FEBS
Lett. 22: 2917-2921 (2006)

32. Kahn SE, Prigeon RL, Schwartz RS, Fujimoto WY, Knopp RH,
Brunzell JD, Porte D Jr. Obesity, body fat distribution, insulin
sensitivity, and islet β-cell function as explanations for metabolic
diversity. J. Nutr. 131: 354S-360S (2001)

33. Nishikawa S, Hosokawa M, Miyashita K. Fucoxanthin promotes
translocation and induction of glucose transporter 4 in skeletal
muscles of diabetic/obese KK-A(y) mice. Phytomedicine 19: 389-
394 (2012)

34. Matsuzawa-Nagata N, Takamura T, Ando H, Nakamura S, Kurita S,
Misu H, Ota T, Yokoyama M, Honda M, Miyamoto K, Kaneko S.
Increased oxidative stress precedes the onset of high-fat diet-
induced insulin resistance and obesity. Metabolism 57: 1071-1077
(2008)

35. Townsend DM, Tew KD, Tapiero H. The importance of glutathione
in human disease. Biomed. Pharmacother. 57: 145-155 (2003) 

36. Droge W. Free radicals in the physiological control of cell function.
Physiol. Rev. 82: 47-95 (2002)

37. Marxen K, Vanselow KH, Lippemeier S, Hintze R, Ruser A,
Hansen UP. Determination of DPPH radical oxidation caused by
methanolic extracts of some microalgal species by linear regression
analysis of spectrophotometric measurements. Sensors 7: 2080-2095
(2007)



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /ACaslonPro-Bold
    /ACaslonPro-BoldItalic
    /ACaslonPro-Italic
    /ACaslonPro-Regular
    /ACaslonPro-Semibold
    /ACaslonPro-SemiboldItalic
    /AGaramondPro-Bold
    /AGaramondPro-BoldItalic
    /AGaramondPro-Italic
    /AGaramondPro-Regular
    /AgencyFB-Bold
    /AgencyFB-Reg
    /ahn2006-B
    /ahn2006-L
    /ahn2006-M
    /AmiR-HM
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArnoPro-Bold
    /ArnoPro-BoldCaption
    /ArnoPro-BoldDisplay
    /ArnoPro-BoldItalic
    /ArnoPro-BoldItalicCaption
    /ArnoPro-BoldItalicDisplay
    /ArnoPro-BoldItalicSmText
    /ArnoPro-BoldItalicSubhead
    /ArnoPro-BoldSmText
    /ArnoPro-BoldSubhead
    /ArnoPro-Caption
    /ArnoPro-Display
    /ArnoPro-Italic
    /ArnoPro-ItalicCaption
    /ArnoPro-ItalicDisplay
    /ArnoPro-ItalicSmText
    /ArnoPro-ItalicSubhead
    /ArnoPro-LightDisplay
    /ArnoPro-LightItalicDisplay
    /ArnoPro-Regular
    /ArnoPro-Smbd
    /ArnoPro-SmbdCaption
    /ArnoPro-SmbdDisplay
    /ArnoPro-SmbdItalic
    /ArnoPro-SmbdItalicCaption
    /ArnoPro-SmbdItalicDisplay
    /ArnoPro-SmbdItalicSmText
    /ArnoPro-SmbdItalicSubhead
    /ArnoPro-SmbdSmText
    /ArnoPro-SmbdSubhead
    /ArnoPro-SmText
    /ArnoPro-Subhead
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /AvantGardeITCbyBT-Demi
    /AvantGardeITCbyBT-DemiOblique
    /AvantGardeITCbyBT-Medium
    /AvantGardeITCbyBT-MediumOblique
    /Batang
    /BatangChe
    /BauhausITCbyBT-Bold
    /BauhausLight
    /BauhausMedium
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BelweBT-Bold
    /BelweBT-Light
    /BelweBT-Medium
    /BelweBT-RomanCondensed
    /BenguiatITCbyBT-Bold
    /BernhardFashionBT-Regular
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BickhamScriptPro-Bold
    /BickhamScriptPro-Regular
    /BickhamScriptPro-Semibold
    /BirchStd
    /BlackadderITC-Regular
    /BlackoakStd
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanITCbyBT-Demi
    /BookmanITCbyBT-DemiItalic
    /BookmanITCbyBT-Light
    /BookmanITCbyBT-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BradleyHandITC
    /BremenBT-Bold
    /BrushScriptStd
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Candice
    /Castellar
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturyOldstyleBT-Bold
    /CenturyOldstyleBT-Italic
    /CenturyOldstyleBT-Roman
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbookBT-Bold
    /CenturySchoolbookBT-BoldCond
    /CenturySchoolbookBT-BoldItalic
    /CenturySchoolbookBT-Italic
    /CenturySchoolbookBT-Monospace
    /CenturySchoolbookBT-Roman
    /CenturySchoolbook-Italic
    /CGOmega
    /CGOmega-Bold
    /CGOmega-BoldItalic
    /CGOmega-Italic
    /CGTimes
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /ChaparralPro-Bold
    /ChaparralPro-BoldIt
    /ChaparralPro-Italic
    /ChaparralPro-Regular
    /CharlemagneStd-Bold
    /CharlesworthBold
    /ChollaUnicase
    /Clarendon-Condensed-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlackStd
    /CooperBlackStd-Italic
    /CopperplateGothic-Bold
    /CopperplateGothicBT-Bold
    /CopperplateGothic-Light
    /Coronet
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CurlzMT
    /CwritB
    /CwritL
    /CwritM
    /CwritUL
    /DauphinPlain
    /Dinbla
    /Dinbol
    /Dinlig
    /Dinmed
    /Dotum
    /DotumChe
    /DragonwickPlain001001
    /EccentricStd
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /English111VivaceBT-Regular
    /EngraverFontExtras
    /EngraverFontSet
    /EngraversMT
    /EngraverTextH
    /EngraverTextNCS
    /EngraverTextT
    /EngraverTime
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /ExpoM-HM
    /FelixTitlingMT
    /FencesPlain
    /FormalScript421BT-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrenchScriptMT
    /FuturaBlackBT-Regular
    /FuturaBT-Bold
    /FuturaBT-BoldCondensed
    /FuturaBT-BoldItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-Heavy
    /FuturaBT-Light
    /FuturaBT-LightItalic
    /FuturaBT-Medium
    /FZSY--SURROGATE-0
    /Gaeul
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Garamond-KursivHalbfett
    /GaramondPremrPro
    /GaramondPremrPro-It
    /GaramondPremrPro-Smbd
    /GaramondPremrPro-SmbdIt
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GiddyupStd
    /Gigi-Regular
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /GothicL-HM
    /GoudyHandtooledBT-Regular
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /H2gprM
    /H2gsrB
    /H2gtrM
    /H2hdrM
    /H2mjsM
    /H2mkpB
    /H2porL
    /H2sa1M
    /HaansoftBatang
    /HaansoftDotum
    /Haettenschweiler
    /HeadG
    /HeadlineR-HM
    /HoboStd
    /Humanist521BT-Bold
    /Humanist521BT-BoldItalic
    /Humanist521BT-Italic
    /Humanist521BT-Roman
    /HYbdaL
    /HYbdaM
    /HYbsrB
    /HYBuDle-Medium
    /HYcysM
    /HYdnkB
    /HYdnkM
    /HYGoThic-Bold
    /HYGoThic-Light
    /HYgprM
    /HYGraPhic-Bold
    /HYgsrB
    /HYgtrE
    /HYhaeseo
    /HYHaeSo-Medium
    /HYHeadLine-Bold
    /HyhwpEQ
    /HYkanB
    /HYkanM
    /HYKHeadLine-Bold
    /HYKHeadLine-Medium
    /HYLongSamul-Bold
    /HYLongSamul-Light
    /HYLongSamul-Medium
    /HYmjrE
    /HYMokGak-Bold
    /HYMokPan-Bold
    /HYmprL
    /HYMyeongJo-Bold
    /HYMyeongJo-Light
    /HYMyeongJo-Medium
    /HYMyeongJo-Ultra
    /HYnamB
    /HYnamL
    /HYnamM
    /HYPillGi-Light
    /HYPMokPan-Bold
    /HYPMokPan-Light
    /HYporM
    /HYPost-Bold
    /HYRGoThic-Bold
    /HYRGoThic-Medium
    /HYsanB
    /HYSeNse-Bold
    /HYShortSamul-Bold
    /HYShortSamul-Light
    /HYSinGraPhic-Medium
    /HYSinMun-MyeongJo
    /HYSinMyeongJo-Bold
    /HYsnrL
    /HYSooN-MyeongJo
    /HYsupB
    /HYsupM
    /HYSymbolA
    /HYSymbolB
    /HYSymbolC
    /HYSymbolD
    /HYSymbolE
    /HYSymbolF
    /HYSymbolG
    /HYSymbolH
    /HYTaJa-Bold
    /HYTaJaFull-Bold
    /HYTaJaFull-Light
    /HYTaJaFull-Medium
    /HYTaJa-Light
    /HYTaJa-Medium
    /HYtbrB
    /HYwulB
    /HYwulM
    /HYYeasoL-Bold
    /HYYeaSo-Medium
    /HYYeatGul-Bold
    /HYYeatGul-Medium
    /Impact
    /ImprintMT-Shadow
    /KabelITCbyBT-Book
    /KabelITCbyBT-Demi
    /KabelITCbyBT-Medium
    /KabelITCbyBT-Ultra
    /Kartika
    /KozGoPro-Bold
    /KozGoPro-ExtraLight
    /KozGoPro-Heavy
    /KozGoPro-Light
    /KozGoPro-Medium
    /KozGoPro-Regular
    /KozMinPro-Bold
    /KozMinPro-ExtraLight
    /KozMinPro-Heavy
    /KozMinPro-Light
    /KozMinPro-Medium
    /KozMinPro-Regular
    /Latha
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldItalic
    /LetterGothic-Italic
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /Lithograph-Bold
    /LithographLight
    /LithosPro-Black
    /LithosPro-Regular
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /MagicR-HM
    /MaiandraGD-Regular
    /MalgunGothicBold
    /MalgunGothicRegular
    /Mangal-Regular
    /Marigold
    /Mdam
    /MesquiteStd
    /MetaPlusBoldRoman
    /MetaPlusMediumRoman
    /Mforgem
    /MicrosoftSansSerif
    /MingLiU
    /MinionPro-Bold
    /MinionPro-BoldCn
    /MinionPro-BoldCnIt
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Medium
    /MinionPro-MediumIt
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /MoeumTR-HM
    /MonotypeCorsiva
    /MonotypeSorts
    /MS-Gothic
    /MSHei
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MurrayHillBT-Bold
    /MVBoli
    /MyriadPro-Bold
    /MyriadPro-BoldCond
    /MyriadPro-BoldCondIt
    /MyriadPro-BoldIt
    /MyriadPro-Cond
    /MyriadPro-CondIt
    /MyriadPro-It
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /MyungjoL-HM
    /NewGulim
    /NimbusRomDGR-Bold
    /NimbusRomDGR-BoldItal
    /NimbusRomDGR-Regu
    /NimbusRomDGR-ReguItal
    /NSimSun
    /NuevaStd-BoldCond
    /NuevaStd-BoldCondItalic
    /NuevaStd-Cond
    /NuevaStd-CondItalic
    /OCRAExtended
    /OCRAStd
    /OilOnTheWater
    /Oliver
    /OratorStd
    /OratorStd-Slanted
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PianoB
    /PianoL
    /PianoM
    /Pleasantly-Plump
    /PMingLiU
    /PoplarStd
    /PostB
    /PosterBodoniBT-Roman
    /PostL
    /PostM
    /PrestigeEliteStd-Bd
    /Pristina-Regular
    /PyunjiR-HM
    /Raavi
    /RageItalic
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /RosewoodStd-Regular
    /SaenaegiR-HM
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /SeoulHangangM
    /SeoulNamsanEB
    /SeoulNamsanM
    /SerifaBT-Bold
    /SerifaBT-Italic
    /SerifaBT-Roman
    /SerifaBT-Thin
    /ShelleyAllegroBT-Regular
    /Shruti
    /SimHei
    /SimSun
    /SimSun-PUA
    /SouvenirITCbyBT-Demi
    /SouvenirITCbyBT-DemiItalic
    /SouvenirITCbyBT-Light
    /SouvenirITCbyBT-LightItalic
    /Staccato222BT-Regular
    /StencilStd
    /Swiss911BT-ExtraCompressed
    /SwitzerlandNarrowBold
    /SwitzerlandNarrowBoldItalic
    /SwitzerlandNarrowItalic
    /SwitzerlandNarrowPlain
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TektonPro-Bold
    /TektonPro-BoldCond
    /TektonPro-BoldExt
    /TektonPro-BoldObl
    /TeXplusEF
    /TeXplusEF-Bold
    /TeXplusEM
    /TeXplusEM-BoldItalic
    /TeXplusEM-Italic
    /TeXplusEX
    /TeXplusMI
    /TeXplusMI-Bold
    /TeXplusRM
    /TeXplusRM-Bold
    /TeXplusRM-BoldItalic
    /TeXplusRM-Italic
    /TeXplusSA
    /TeXplusSB
    /TeXplusSY
    /TeXplusSY-Bold
    /TeXplusTE
    /TiffanyITCbyBT-Demi
    /TiffanyITCbyBT-DemiItalic
    /TiffanyITCbyBT-Heavy
    /TiffanyITCbyBT-HeavyItalic
    /TiffanyITCbyBT-Light
    /TiffanyITCbyBT-LightItalic
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /TrajanPro-Bold
    /TrajanPro-Regular
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /TypoUprightBT-Regular
    /Univers
    /Univers-Bold
    /Univers-BoldExt
    /Univers-BoldExtObl
    /Univers-BoldItalic
    /Univers-BoldOblique
    /Univers-Condensed
    /Univers-CondensedBold
    /Univers-Condensed-Bold
    /Univers-Condensed-BoldItalic
    /Univers-CondensedBoldOblique
    /Univers-Condensed-Medium
    /Univers-Condensed-MediumItalic
    /Univers-CondensedOblique
    /Univers-Extended
    /Univers-ExtendedObl
    /Univers-Light
    /Univers-LightOblique
    /Univers-Medium
    /Univers-MediumItalic
    /Univers-Oblique
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /YDI2002
    /YDIAsphaltB
    /YDIAsphaltL
    /YDIBirdL
    /YDIBirdM
    /YDIChbinB
    /YDIChbinL
    /YDIChbinM
    /YDIChunB
    /YDIChunL
    /YDIChunM
    /YDIDanB
    /YDIDanL
    /YDIDanM
    /YDIGoldB
    /YDIGoldL
    /YDIGoldM
    /YDIGukB
    /YDIGukL
    /YDIGukM
    /YDIHoopM-KSCpc-EUC-H
    /YDIJininB
    /YDIJininL
    /YDIJininM
    /YDIManB
    /YDIManL
    /YDIManM
    /YDIMatrix01
    /YDIMatrix02
    /YDIMatrix03
    /YDIMatrix04
    /YDIMatrix05
    /YDIMatrix06
    /YDIMatrix07
    /YDIMatrix08
    /YDINeoulB
    /YDINeoulL
    /YDINeoulM
    /YDIPaintB
    /YDIPaintL
    /YDIPaintM
    /YDISapphIIB-KSCpc-EUC-H
    /YDISapphIIL-KSCpc-EUC-H
    /YDISapphIIM-KSCpc-EUC-H
    /YDISolM-KSCpc-EUC-H
    /YDISongB
    /YDISongL
    /YDISongM
    /YDIWebBatan
    /YDIWebDotum
    /YDIWindM-KSCpc-EUC-H
    /YDIYahwaB
    /YDIYahwaL
    /YDIYahwaM
    /YDIYGO110-KSCpc-EUC-H
    /YDIYGO120-KSCpc-EUC-H
    /YDIYGO130-KSCpc-EUC-H
    /YDIYGO140-KSCpc-EUC-H
    /YDIYGO150-KSCpc-EUC-H
    /YDIYGO160-KSCpc-EUC-H
    /YDIYMjO110-KSCpc-EUC-H
    /YDIYMjO120-KSCpc-EUC-H
    /YDIYMjO130-KSCpc-EUC-H
    /YDIYMjO140-KSCpc-EUC-H
    /YDIYMjO150-KSCpc-EUC-H
    /YDIYMjO160-KSCpc-EUC-H
    /YDIYMjO240
    /YDIYuroB
    /YDIYuroL
    /YDIYuroM
    /YDSAH
    /YDSDJ
    /YDSHO
    /YDSHS
    /YDSJH
    /YDSJY
    /YDSMJ
    /YDSSH
    /YetR-HM
    /Ymjo420
    /Ymjo440
    /Ymjo450
    /ZapfCalligraphic801BT-Bold
    /ZapfCalligraphic801BT-BoldItal
    /ZapfCalligraphic801BT-Italic
    /ZapfCalligraphic801BT-Roman
    /ZapfElliptical711BT-Bold
    /ZapfElliptical711BT-BoldItalic
    /ZapfElliptical711BT-Italic
    /ZapfElliptical711BT-Roman
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZapfHumanist601BT-Ultra
    /ZapfHumanist601BT-UltraItalic
    /ZurichBT-BlackExtended
    /ZurichBT-Light
    /ZurichBT-RomanExtended
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


