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Abstract

The inhibitory effect of polyphenol extracts (Seapolynol™, SPN) of the marine brown algae Ecklonia cava
and dieckol, a major component of SPN, on hypedipidemia was investigated in ICR mice fed a high-fat diet
(HFD) for five weeks. For analysis of the anti-hypedipidemic effects of SPN and dieckol, these two agents were
given orally on a daily basis to HFD-fed mice for four weeks, starting one week after the beginning of HFD
feeding. Groups administered with SPN as well as dieckol showed lower body weight gains than the HFD only
group. Administration of SPN and dieckol also resulted in a significant reduction of the level of total cholesterol
(TCHOQO), triglyceride (TG), and low-density lipoprotein (LDL) cholesterol in the serum of HFD-fed mice. In Oil
Red O staining using 3T3-L1 preadipocytes, it was shown that both SPN and dieckol markedly inhibited lipid
accumulation of 3T3-L1 cells. Furthermore, SPN and dieckol (50 pg/mL) significantly inhibited 3-hydroxyl-methyl
glutaryl coenzyme A (HMGCoA) reductase activity in vitro. Taken together, these results suggest that polyphenols
of Ecklonia cava (SPN) and dieckol reduce body weight gain and fat accumulation in HFD-induced obese mice,
and that their hypolipidemic effect is related to the inhibition of adipogenesis of adipocytes and HMGCoA reduc-

tase activity.
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INTRODUCTION

It is well known that hyperlipidemia is one of im-
portant risk factors involved in the development of car-
diovascular disease (1). Treatment of hyperlipidemia in-
volves diet control, exercise, and the use of lipid-low-
ering diets and drugs (2). However, some patients cannot
tolerate the adverse effects of these oral drugs (3); there-
fore, there continues to be a high demand for new oral
anti-hyperlipidemic drugs.

Marine algae are widely distributed and abundant
throughout the coastal areas of many countries and are
a rich source of useful substances such as agar, carra-
genean and alginate (4). Furthermore, secondary metabo-
lites produced in marine algae are known to be sources
of natural compounds with interesting pharmaceutical
properties. In particular, interest in polyphenol com-
pounds from marine algae is increasing as we learn more
about their pharmacological actions (5,6).

Brown algae have long been used traditionally as
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foodstuffs and folk medicines in Asian countries. Among
many brown algae, Ecklonia cava contains unique poly-
phenols called “phlorotannins”. Although these species
contain biologically active polysaccharides and lipids
such as fucoidan, laminaran, fucoxanthin and fucosterol,
an increasing number of reports indicate that many of
the medicinal properties of these species are derived
from their polyphenols. Recently, phlorotannins have
been reported to possess antioxidant (7), antibacterial
(8), anti-inflammatory (9), plasmin activating (10), vaso-
dilatory (11), anti-matrix metalloproteinase (MMP) (6),
anti-HIV (12) and anticarcinogenic (13) activities in both
in vitro and in vivo models. In addition, phlorotannins
isolated from Ecklonia stolonifera, have been reported
to show anti-diabetic (14) effects in genetically diabetic
KK-A(y) mice. Since those reported activities of the
phlorotannins are highly relevant in normalizing meta-
bolic functions, phlorotannins are considered to be high-
ly promising nutrients in the moderation of metabolic
syndromes. However, there is yet no study reporting an-
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Fig. 1. Chemical structures of phlorotannins.

ti-hyperlipidemic effect of Ecklonia cava polyphenols in
animal models. In this study, we investigated the in-
hibitory effect of purified polyphenols from Ecklonia
cava (Seapolynol™, SPN) and dieckol, a major compo-
nent of SPN (average content of 8.2%), on hyper-
lipidemia induced by high-fat diet (HFD) in mice, and
on adipogenesis in 3T3-L1 cells.

MATERIALS AND METHODS

Materials

Polyphenol extract from Ecklonia cava (Seapolynol™,
SPN) and dieckol were kindly supplied by Botamedi,
Inc. (Jeju, Korea). The total polyphenol content of SPN
as phloroglucinol equivalent was 98.5%. Notable com-
pounds in SNP identified by HPLC are dieckol, 8,8'-
bieckol, 6,6'-bieckol, and phlorofurofucoeckol A (Waters,
Milford, MA, USA) column: CAPCELL PAK ODS col-
umn (4.6 X250 mm) (Fig. 1); eluent: 30% aqueous
MeOH; flow rate: 0.8 mL/min. Dieckol was isolated and
characterized as described previously (15). The other
chemicals used in this study were purchased from Sigma
(St. Louis, MO, USA).

Animals and diets

Male ICR mice (7 weeks of age, 10 mice per group)
were purchased from Damul Sci. (Daejeon, Korea) and
allowed free access to commercial chow (normal diet)
for 7 days. Thereafter, the mice were maintained for 5
weeks on a normal diet or HFD (Table 1). Various doses
of SPN (1.25, 2.5 and 5 mg/mouse) and dieckol (0.5,
1 and 2 mg/mouse) were administered orally into HFD-
fed mice daily for 4 weeks from 1 week after the begin-
ning of HFD feeding. Fenofibrate, a drug of the fibrate
class having a potent hypolipidemic effect (16), was used
as a positive control. All animal experiments were car-
ried out in accordance with the Guidelines for Institutio-
nal Animal Care and Use Committee of Konyang
University.

Cell culture and adipocyte differentiation
Mouse fibroblast line 3T3-L1 preadipocytes were cul-
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Table 1. Composition of experimental diets (g/kg diet)

Normal HFD"
Casein (from milk) 200 200
Corn starch 350 155
Sucrose 300 50
Dextrose 50 132
Cellulose 50 50
Soybean oil - 25
Lard - 175
Mineral mixture 35 35
Vitamin mixture 10 10
TBHQ? - 0.014
L-cystein 3 3
Choline bitartrate 2 2.5

UHigh-fat diet.
ITertiary butylhydroquinone.

tured in Dulbecco's modified Eagle's medium (DMEM)
supplemented with 10% fetal bovine serum in humidi-
fied atmosphere of 5% C02/95% air at 37°C to con-
fluence. 3T3-L1 cells (1 X 105/well) were plated in 6-
well plates, and cultured for three days. Thereafter, in-
duction of adipocyte differentiation was initiated by
treatment of the cells with the differentiation medium
containing 1 pM insulin, 1 pM dexamethasone (Dex),
and 0.5 mM isobutyl methyl xanthine (IBMX) for 3
days, followed by 3 days of treatment with the medium
containing 1 uM insulin alone. The cells were main-
tained in DMEM complete medium for the following
4 days. SPN and dieckol (~200 pg/mL) were added
into 3T3-L1 cells during the induction of adipocyte
differentiation. Differentiation of preadipocytes to ma-
ture adipocytes was confirmed by observation using mi-
croscope and by Oil Red O staining of lipid vesicles

(17).

Oil Red O staining and measurement of TG contents

Four days after the induction of differentiation, 3T3-
L1 cells were rinsed twice with phosphate-buffered sal-
ine (PBS), fixed with 10% formalin for 1 hr, and washed
three times with PBS. Cells were stained with filtered
Oil Red O (0.3%) working solution for 20 min, and then
the stained cells were washed three times with distilled
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water. The stained TG droplets were photographed using
an Olympus CKX41SF (Tokyo, Japan) inverted micro-
scope with a digital imaging device. Cells at the des-
ignated stage of induction of differentiation were washed
twice with PBS and lysed by dimethyl sulfoxide
(DMSO). Absorbance of TG in the cell lysates was
measured at 450 nm using an enzyme-linked immuno-
sorbent assay (ELISA) reader (BioTek, Winooski, VT,
USA) (18).

Serum analysis

The levels of TCHO, TG, HDL-cholesterol, glucose,
glutamic oxaloacetic transaminase (GOT), glutamic pyr-
uvic transaminase (GPT), creatinine (CRE) and in the
serum of mice were determined using DryChem 3500i
(Fuji, Tokyo, Japan)the manufacturer’s directionstotal.

Measurement of HMGCoA reductase inhibition

Inhibitory effect of SPN and dieckol on enzyme activ-
ity HMGCoA reductase was measured using a HMGCoA
reductase assay kit (Sigma) according to the manu-
facturer’s directions. As a positive inhibitor for HMGCoA
reductase in this assay, the pravastatin included in the
assay kit was used.

Statistical analysis

Results were expressed as mean *standard error, and
compared using Student’s #-test. The value of p<0.05
was considered statistically significant.

RESULTS AND DISCUSSION

Body weight gains

The mice fed an HFD for five weeks increased the
body weight significantly compared to those fed a nor-
mal diet. To examine the inhibitory effect of SPN and
dieckol on HFD-induced hyperlipidemia, both compounds
were orally administered daily for 4 weeks from 1 week
after the beginning of HFD feeding. SPN was administered
at the dosage from 1.25 to 5 mg per mouse, but dieckol
was administered at lower dosage (0.5 to 2 mg/mouse)
than that of SPN because it is a single compound derived
from SPN. Oral administration of SPN, as well as die-
ckol, significantly decreased the body weight gains of
HFD-fed mice (Fig. 2). In particular, SPN at the dose
of 1.25 mg/mouse showed almost the same activity with
the positive control, fenofibrate, at the dose of 4 mg/
mouse.

Lipids and glucose profiles in serum

In the case of obesity induced by high fat intake, hy-
perlipidemia, which presents as an abnormally high con-
centration of lipids in blood, is usually observed (19).
In general, this abnormally high concentration of lipids
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Fig. 2. Inhibitory effect of SPN and dieckol on body weight
gains of HFD-fed mice. Ten mice per group were fed an HFD
for 5 weeks. The indicated doses of SPN or dieckol were ad-
ministered orally into HFD-fed mice daily for 4 weeks from
1 week after the beginning of HFD feeding. Body weight of
the mice was measured every week. p<0.01; p<0.001, com-
pared with the HFD-fed control group by Student’s #-test.

in blood appears to increase total cholesterol or trigly-
ceride levels in blood (20). To explore whether the re-
duction of body weight gains by SPN and dieckol corre-
lated with changes in serum levels of lipids and glucose,
blood samples were obtained from each group of mice.
TCHO and TG levels in the HFD-fed group were prom-
inently increased compared with that in the normal group
(Fig. 3 and Fig. 4). Administration of SPN significantly
decreased the increased levels of both TCHO and TG
in HFD-fed mice. The inhibitory effect of SPN on the
increased TCHO and TG levels in serum was observed
from 2 weeks after SPN administration. In addition,
treatment with SPN significantly reduced the elevated
level of LDL-cholesterol in serum of HFD-fed mice on
week 4 (Table 2). Similarly, treatment with dieckol sig-
nificantly reduced the elevated levels of TCHO, TG and
LDL-cholesterol in the serum of HFD-fed mice, even
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Fig. 3. Inhibitory effect of SPN and dieckol on TCHO levels
in serum of HFD-fed mice. Experimental procedure was same
with that of Fig. 2. The level of TCHO in serum was measured
on the indicated weeks. p<0 05; p<0 01, compared with the
HFD-fed control group by Student’s z-test.

though its inhibitory activity was lower than that of SPN.
However, both SPN and dieckol did not affect the level
of HDL-cholesterol and glucose in the serum (Table 2).
In this study, it was shown that the HFD feeding in-
creased the level of HDL-cholesterol in the serum. It
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Fig. 4. Inhibitory effect of SPN and dieckol on TG levels in
serum of HFD-fed mice. Sera obtained from the experiment
of Fig. 3 were used in measurement of TG level. p<0.05;
“p<0.01, compared with the HFD-fed control group by Stu-
dent’s t-test.

is likely that the increase of HDL-cholesterol in serum
of HFD-fed mice is related to increase of TCHO in se-
rum by feeding HFD (Fig. 3); however, it is not clear
why the feeding of HFD resulted in increase of the level
of HDL-cholesterol in serum. It has been well recog-

Table 2. Effect of SPN and dieckol on lipid profiles and glucose in serum of HFD-fed mice

Variables (mg/dL)

Groups Triglyceride Total cholesterol ~ HDL-cholesterol ~ LDL-cholesterol Glucose
Normal 110+7.8 106+2.7 68+5.2 16+2.3 101+9.8
HFD only 180124 184+10.3 106+8.5 42437 123+ 14
+ SPN 5 mg 134+9.2™ 145+11.7" 110+6.5 142428 116+11
+ SPN 2.5 mg 146£14" 150£10.4" 103£4.8 1784397 116+13
+ SPN 1.25 mg 148+ 12 15613 110£7.4 164+22" 115+10
+ Dieckol 2 mg 144£9.8" 16714 110£8.7 282+45 120+16
+ Dieckol 1 mg 156127 164+ 11" 108+5.4 248+37 123+13
+ Dieckol 0.5 mg 159+11.4 164+13 110+6.9 222+1.8 108 +12

The level of the indicated lipids and glucose in serum of HFD-fed mice was determined by DryChem-3500i 4 weeks after

oral administration of SPN and dieckol. p<0 05,
t-test.

"p<0.01,

p<0 001, compared with the HFD-fed control group by Student’s
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Table 3. Changes in the level of GOT, GPT, CRE and BUN in serum of HFD-fed mice by administration of SPN and dieckol
Variables (IU/L)

Treatment GOT GPT CRE BUN

Normal 78+3.4 31+1.4 0.42+0.03 28414
HED only 81495 29408 0.39+0.02 28+0.8
+ SPN 5 mg 71+52 32424 0.40+0.02 26+2.0
+ SPN 2.5 mg 75+8.1 28435 0.41+0.04 24424
+ SPN 1.25 mg 75428 30412 0.43+0.03 27+1.0
+ Dieckol 2 mg 78+ 6.4 28432 0.38+0.02 30+0.6
+ Dieckol 1 mg 74438 29+ 1.0 0.39+0.05 28+1.7
+ Dieckol 0.5 mg 76+ 8.6 33427 0.41+0.02 31412

The level of the indicated GOT, GPT, CRE and BUN in serum of HFD-fed mice was determined by DryChem-3500i 4 weeks

after oral administration of SPN and dieckol.

nized that the increase of cholesterol level in serum is
followed by hypercholesterolemia, and it is a major risk
factor for atherosclerosis (21). An increased LDL-cho-
lesterol level compared to the HDL-cholesterol level is
thought to be associated with high risk for the develop-
ment of cardiovascular disease and atherosclerosis (22).
Therefore, these results suggest that both SPN and die-
ckol have a hypocholesterolemic effect in HFD-fed mice.

Toxicity to organs

To investigate whether long-term administration of
SPN and dieckol caused any toxicity to HFD-fed mice,
we examined the influence on the livers and the kidneys
of mice that received SPN or dieckol for 4 weeks. Tox-
icity to the livers was tested by measuring the level of
GOT and GPT in serum, and for toxicity to the kidneys
the level of CRE and BUN in serum was determined.
Oral administration of SPN or dieckol daily for 4 weeks
did not induce any toxicity to these organs (Table 3).
These results indicate that both SPN and dieckol are safe
for at least four-week oral administration in HFD-fed
mice.

Anti-adipogenic effect on 3T3-L1 cells

To evaluate anti-adipogeniuc effect of SPN and die-
ckol on 3T3-L1 adipocyte differentiation, post-confluent
3T3-L1 preadipocytes were maintained in adipocyte-in-
duction media and exposed to various doses (0~200 pg/
mL) of SPN or dieckol. Morphological changes were
observed due to accumulation of lipids in the preadipo-
cytes. Subsequently, intracellular lipid drops were meas-
ured by Oil Red O staining. As shown in Fig. 5A, both
SPN and dieckol effectively inhibited adipocyte differ-
entiation in a dose-dependent manner. Oil Red O staining
also revealed that the lipid accumulation in the cells
treated with SPN as well as dieckol was significantly
lower than the lipid accumulation in the control cells
(Fig. 5B). Therefore, we concluded that the reduction
of Oil Red O staining is mainly a result of an anti-adipo-
genic effect of SPN and dieckol leading to an inhibition
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Fig. 5. Effect of SPN and dieckol on cellular lipid droplets
of 3T3-L1 adipocytes. Differentiating 3T3-L1 cells were treat-
ed every 3 days with the indicated doses of SPN or dieckol
for 9 days in adipocyte-induction media. Oil Red O dye was
dissolved in DMSQO, and the accumulation of lipid contents
in the cells was determined by optical density detected at 450
nm as described in Materials and Methods. This data is_the
representative of three individual experiments. p<0.05; p<
0.01;  p<0.001, compared with the untreated group by Stu-
dent’s t-test.

in 3T3-L1 adipocyte differentiation. These in vitro data
suggest that the inhibitory effect of SPN and dieckol on
elevated level of TG in serum of HFD-fed mice as shown
in Fig. 4 is associated with their activity to inhibit the
formation of intracellular lipid drops in 3T3-L1 cells,
and differentiation of these preadipocytes into adipocytes.

Inhibition of HMGCoA reductase activity
HMGCoA reductase is the rate-controlling enzyme of
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Fig. 6. Inhibitory effect of SPN and dieckol on HMGCoA re-
ductase activity in vitro. Effect of SPN or dieckol on enzyme
activity HMGCoA reductase was measured using a HMGCoA
reductase assay kit (Sigma) according to manufacturer’s
suggestion. *p<0.001, compared with the control group by Stu-
dent’s t-test.

the mevalonate pathway, the metabolic pathway that pro-
duces cholesterol and other isoprenoids (16). The in vitro
inhibitory effect of SPN and dieckol on HMGCoA re-
ductase was measured using an HMGCoA reductase as-
say kit. Both SPN and dieckol at a final concentration
of 50 pg/mL significantly inhibited HMGCoA reductase
activity by approximately 78% and 61%, respectively
(Fig. 6). These results established the possibility that the
anti-hyperlipidemic effect of SPN and dieckol in vivo
correlated with inhibition of the activity of HMGCoA
reductase.

In the present study, we demonstrated that oral admin-
istration of SPN and dieckol effectively suppressed body
weight gain, and decreased TCHO and TG levels in the
serum of mice fed an HFD. Moreover, we evaluated the
anti-obesity effect of SPN and dieckol on adipocyte dif-
ferentiation in 3T3-L1 cells, and confirmed our findings
in obese animal models fed an HFD. However, it is un-
clear whether there is a difference in anti-hyperlipidemic
effect between SPN and dieckol. In conclusion, this
study suggests that a polyphenol extract (Seapolynol™™,
SPN) of Ecklonia cava and dieckol, a major component
of SPN, reduces body weight gain and fat accumulation
in HFD-fed mice. Further study to clarify mechanisms
underlying the anti-hyperlipidemic and anti-obesity ef-
fect of SPN and dieckol is required.
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