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ABSTRACT

Effects of Ecklonia cava on Plasma and Liver Lipids, Platelet
Aggregation and RBC Membrane Stability in Rats Fed Cholesterol Diet

Wan Ting Yeh
Department of Food Science and Nutrition, Graduate School
Jeju National University, Jeju, Korea

We compared bioactivity of 10% Ecklonia cava (EC) powder, 5%
extract (carbohydrase hydrolyzed product) and 3% Dieckol (EC
polyphenol) in aspect of antiobese, hypolipidemic, antiplatelet and
antioxidant on RBC membrane and TBARS production in rats fed
cholesterol diets.

The final weight with low food efficiency ratio in rats fed Dieckol
was significantly decreased compared with the control (p<0.05). Plasma
total cholesterol was significantly decreased in EC powder (p<0.05) and
HDL—cholesterol was significantly decreased in Dieckol (p<0.05) both
compared with the control. Liver total cholesterol significantly decreased
in EC powder compared with EC extract (p<0.05) and liver TG was
significantly decreased in Dieckol compared with control (p<0.05).
Platelet aggregation both in 1initial slope and the maximum was
significantly decreased in Dieckol compared with the control (both,
p<0.05). Hemolysis both with and without AAPH treatment was
significantly low in EC extract compared with other groups (p<0.05), but
erythrocyte Na leak increase after AAPH treatment was significantly
high in EC extract compared with other groups (p<0.05). Platelet rich
plasma (PRP) and liver TBARS productions were decreased in all EC
groups, and PRP TBARS was significantly decreased in Dieckol
compared with the control. GOT compared with the control and GPT
compared with Dieckol were significantly decreased in rats fed EC

powder (p<0.05).
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In conclusion, polyphenol rich Dieckol from FEcklonia cava seems to
have some favorable effects in weight gain, platelet aggregation, RBC
membrane stability and lipid peroxidation, but it is not clear how it acts

at this point.

_iv_
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[. INTRODUCTION

Marine plants such as brown and green algae are of high interest as
natural food source that have protective roles in the pathogenesis of
various degenerative diseases. Numerous studies have focused on
multifunctional biological activities of seaweed and the possibility of their
application to functional food stuffs and medicinal purposes. Marine
macroalgae are a rich source of various natural antioxidants such as
catechin, flavonols, flavonol glycosides which play an important role in
preventing lipid peroxidantion and the related diseases such as cancers,
inflammatory and cardiovascular diseases (Heinrich et., 2008).

Phlorotannins, identified from several brown algal families are a group
of oligomeric polyphenol of phloroglucinol unit and the only phenolic
group detected in brown algae. Phlrotannins such as eckol, dieckol,
phlorofucofuroeckol were identified in Ecklonia species and responsible
for the biological activities of Ecklonia cava (EC). Recently, an
increasing amount of evidence has demonstrated that FEcklonia cava
polyphenol exhibits radical scavenging activity, matrix metalloproteinase
inhibitory activity, bactericidal activity, protease inhibitory activity,
antioxidative activity, and anti—inflammatory (Jimenez—Escrig et al,
2000).

Fucoidan, sulfate ester containing polysaccharide in brown algae also
has been shown bioactivities in many researches (Al—Shorepy et al,
2001). Mucus material of fucoidan is characterized as soluble fiber in
human, but it has been issued on its bioavailability and bioactivity which
depends on the processing that determine the molecular weight of
fucus—sulfate ester compound (Bo Li et al, 2008). Fucoidan is
structually similar to heparin and have shown various biological activities

including anticoagulant, antithrombotic, hypolipidemic and also antioxidant
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effects. Dietary intervention with hypocholesterolemic agents is one of
the effective methods to reduce serum cholesterol levels. Seaweeds
such as Undaria pinnatifida, Laminaria digitata and Ecklonia stolonifera
had been proved to be antihyperlipidemic in the pass (Kang et al 2001;
Yoon et al. 2008).

Ecklonia cava (EC), a brown algae belongs to the Laminariaceae
family and abundant in the subtidal coastal regions of Jeju Island in
Korea. Korean people have a long tradition of consuming seaweeds such
as U pinatifida, L laminaria and E stolonifera as part of their diets.
Unlike those favorite seaweeds, FEcklonia cava is not yet generally
accepted as food stuff, but its polyphenol rich extracts such as eckol,
dieckol, phlorofucofuroeckol and fucoidan are actively ongoing hot
subjects for researches.

We chose three dietary forms of E. cava including intact EC powder,
carbohydrase hydrolyzed extract and dieckol, and examined the
antioxidant and antihyperlipidemic effects of EC polyphenol and EC
polysaccharide in order to provide data to support future clinical trials.
According to SJ Heo (2003), EC powder, EC extract and Dieckol
contained carbohydrate of 70%, 40%, 16% and polyphenol of 10—20%,
20%, 46% respectively. The experiment was conducted to compare
hypocholesterolemic and antioxidant effects of 10% Ecklonia cava (EC)
powder, 5% extract and 3% Dieckol by measuring plasma and liver
lipids, erythrocyte Na leak, platelet aggregation and TBARS production

in rats fed cholesterol diets.
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II. LITERATURE REVIEW

1. Antioxidant and physiological functions

Numerous epidemiological studies suggest that diets rich in
phytochemicals and antioxidant execute a protective role in health and
disease. Frequent consumption of fruits and vegetables is associated
with a lowered risk of cancer, heart disease, hypertension and stroke.
Physiological functions of plant antioxidant are based on its radical
scavenging activity preventing oxidative modification on biomembrane,
lipoprotein, platelet and prostanoid (Terao et al, 1994; Salah et al,
1995). Consumption of catechin and quercetin or drinking grape juice
inhibited platelet aggregation in human (Pignatelli et al, 2000; Keevil et
al., 2000). Platelet aggregation and its release reaction were affected by
the condition of oxidative stress, and platelet superoxide and TXAZ
generation were reduced by plant antioxidant (Ryszawa et al, 2006).
Hubbard et al(2006) showed that antioxidant quercetin in onion is
involved in tyrosine phosphorylation in signaling pathway causing a
reduced platelet aggregation. Antiplatelet compounds such as herb
extracts can suppress platelet activity i/n vitro at high concentration, but
at low concentration those can stimulate platelet aggregation (Chew et
al.,, 2001).

Murakai et al. (2005) proposed that The major tea catechin ,EGCG
paticipate regeneration of alpha—tocopherol and ascorbate in the plasma
membrane and prevents lipid peroxidation. The extent of oxidative
membrane damage has been measured by hemolysis test (Draper et al,
1969) or erythrocyte Na leak which can be increased upon exposure to
oxygen generating system (Maridonneau et al, 1983). Erythrocyte Na
leak is Na efflux through lipid bilayer of cell membrane in manner of

passive diffusion by concentration gradient. Upon exposure to AAPH
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radical generating system, Na leak would increase with the extent of
membrane damage. Plant flavonoid quercetin, fisetin and morin inhibited
lipid peroxidation and enhance RBC membrane integrity against hypotonic
lysis (Chaudhuri et al, 2007). Yang et al. (2006) reported that
Taiwanese herbal medicine Bidens pilosa extracts protect normal human
erythrocyte against oxidant damage in vifro, and prevented the decline
of superoxide dismutase (SOD) activity and the depletion of cytosolic
glutathione (GSH) and ATP in erythrocytes.

TBARS is a product of membrane lipid proxidation, and TBARS
production will be correlated with leak increase. Diet supplememted
coenzyme was effective in reducing TBARS production in PRP (Kim et
al, 2007). Coothan et al (2006) reported that there was a positive
results on decreasing plasma TBARS levels by fed fucoidan diet. G. et
al. (2007) also showed that lipid peroxidation was much lower in
seaweed treated animal.

Wong et al. (2000) showed that fed seaweed diet reduced the CCls-
induced acute elevation in the levels of GPT and GOT in rats. Jerzy et
al. (2008) also reported that supplementation of a diet with green tea
extract had declined liver GOT and GPT levels in diabetic rats. In
addition, Shinhi et al. (2007) found that fucoidan reduced CCls+ induced
acute and chronic liver failure. Manal ef al. (2008) showed that green

tea polyphenols can reduce GOT and GPT of plasma.

2. Plant fiber and physiological roles

Ecklonia cava dominating in Jeju Island contains physiologically active
polysaccharide, fucoidan. In addition to neutral polysaccharides, such as
cellulose and laminarin, and the well-known polyanionic polysaccharide
alginic acid, they contain fucoidans which are highly sulfated

polysaccharides also can be dietary soluble fiber (Wang et al, 2008).
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Dietary soluble fiber intake has been inversely related to the risk of
developing coronary heart disease. Consumption of dietary soluble fiber
leads to lowering of plasma LDL cholesterol. The intestinal lumen has
been widely accepted as the primary site of action of fiber. One of the
major primary mechanisms suggests to explain the fiber—mediated
lowering of plasma LDL cholesterol is the interruption of the
enterohepatic circulation of bile acids, which alters hepatic cholesterol
homeostasis (Suheeta et al, 2002). Hara et al (1999) suggested that
short chain fatty acid (SCFA) fermented from dietary fibers might be
effective in reducing plasma total cholesterol. Short chain fatty acids
produced by microflora in large intestine suppress cholesterol synthesis
in rat liver and intestine, and SCFA produced from sugar beet fiber
decreased plasma cholesterol by interrupting enterohepatic bile
circulation (Hara et al, 1998). Kang et al (2001) reported that diet
containing seaweed reduced cholesterol absorption and increased fecal
sterol excretion. Yoon et al (2008) found that Dieckol from Ecklonia
stolonifera decreased in the serum triglyceride, total cholesterol and
LDL—cholesterol levels of hyperlipidemic rats. Huang et al (2005) also
reported that fed seaweed polysaccharide diet can decrease the blood
glucose and the triglyceride, total cholesterol in serum and increase
HDL—cholesterol in diabetic rats. In addition, Wong et al (1999)
showed that seaweed Hypnea charoides from Hong Kong increased the
HDL—cholesterol and decreased the triglyceride and LDL—cholesterol in
the serum of rats. Yu et al (2003) reported that fed Ulvan—based diet
in rats from green seaweed Chlorophyta was lowered the levels of
serum total cholesterol and LDL-—cholesterol. Besides plant fiber in
lowering cholesterol, plant polyphenol affect cholesterol metabolism.
Soboloya et al. (2006) reported plant polyphenol fraction interrupted
cholesterol absorption and reduced plasma cholesterol.

The effectiveness of seaweed In increasing faecal cholesterol
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excretion 1s attributed to the fact they are acidic polysaccharides which
produce an indigestible ionic colloid. (Jimenez et al, 2000)

Dietary red wine had favorable effects on human plasma high—density
lipoprotein and blood chemistry (Levy et al, 1994). There are also reports
that tea derived catechin had hypocholesterolemic and antihypertensive
effects or tea flavonoids retarded LDL oxidation (Arai et al, 2000).
Based on previous researches, we assume that FEcklonia cava would

have prophylactic and therapeutic effects for human health.
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II. MATERIALS & METHOD

1. Animal and diets

Forty of eight weeks old Sprague Dawley rats (Orient Bio Co, Ltd,
Gapyung, Korea) were divided into four groups and fed the following
experiment diets: 0.5% cholesterol based control diet; control diet plus
10% EC powder; control diet plus 5% EC—extract and control diet plus
3% Dieckol (Table 1). Rats had free access to water and were housed
individual cages in a room maintained at 20—-25C with 12 hour
dark—light cycle. Rats had an libitum access to their respective diets
and water for 4 weeks. Food intake for individual rats was monitored
every 2 days and animals were weighted every 2 days during the
feeding period.

Ecklonia cava of powder, extract and dieckol were kindly provided by
Dr. Chun Yu—Jin in College of Ocean Science, Jeju National University.
Ecklonia cava was collected along the coast of Jeju island during the
season of May, 2007. Ecklonia cava after removed salt, sand and
epiphytes using tap water was dried in Far Infrared Dryer (JOURI-Q,
KEC, Korea) and powdered. Ecklonia cava extract was prepared by a
hydrolyzing. Ecklonia cava with carbohydrase, and Dieckol was prepared
by fractionation process of polyphenol rich part of Ecklonia cava using
HPLC. Carbohydrate proportion of powder, extract and dieckol was 70%,
40.02% and 15.69%, and the proportion of polyphenol in powder, extract
and dieckol was 10.2%, 20.09% and 45.99%.
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Table 1. Composition of experimental diets (%)

. Eckloni. Eckloni. .
Ingredient Control cxlonia cilonia Dieckol
cava powder cava extract

)

Casein® 20.0 20.0 20.0 20.0
L-methionine” 0.3 0.3 0.3 0.3
Lard 9.0 9.0 9.0 9.0
Soybean Oil 1.0 1.0 1.0 1.0
Choline chloride” 0.2 0.2 0.2 0.2
Vitamin mix® 1.0 1.0 1.0 1.0
Mineral mix? 3.5 3.5 35 3.5
Sucrose 20.0 20.0 20.0 20.0
Corn starch 39.3 34.3 36.3 36.3
Cellulose 5.0 - 3.0 5.0
Cholesterol® 0.5 0.5 0.5 0.5
Cholic acid® 0.2 0.2 0.2 0.2
EC powder" 10.0
EC extract? 5.0
Dieckol” 3.0
Total (%) 100.0 100.0 100.0 100.0

a) Teklad, Harlan Madison WI, USA
b

N

Junsei Chemical Co., Ltd.

c) Vitamin mixture (mg/100g) :Thiamine HCl 60.0, Riboflavin 60.0, Pyridoxine HCl 70.0, Nicotinic
Acid 300.0, D—Calcium Pantothenate 160.0, Folic Acid 20.0, D—Biotin 2.0, Vit. Bz 0.1, Vit. A
80.0, Vit. E 2000.0, Vit. D3 0.25, Vit. K 0.5, Sucrose 97290.0

d) Mineral mixtuer(g/100g) : CaHPO, 50.0, NaCl 7.4, KsCsHs507-H.0 22.0, K2SO, 5.2, MgO 2.4,

j—t

Manganous carbonate (43—48%Mn) 0.35, Ferric citrate (16.7%Fe) 0.6, Zinc carbonate(70% Zn)
0.16, Cupric carbonate(53—=55%Cu) 0.03, KIO3 0.001, Na:SeOs5H.0 0.001, CrK(SO4)212H.0
0.055, Sucrose 11.804

e) Sigma Chemical Co., USA

1) Ecklonia cava powder after Far Infrared radiation drying

2) Hydrolyzed extract using carbohydrase

3) Polyphenol rich extract of Ecklonia cava
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2. Analysis of sample

At the end of 4 weeks, rats were anesthetized with ether after
fasted for 12 hours, and blood was collected by cardiac puncture into
vacuum tubes containing heparin. Plasma was obtained by centrifugation
of blood sample at 2000Xg and stored at —20C for later analysis.
Hematocrit of the whole blood was determined using Hematocrit
centrifuge. The liver was quickly removed and weighted and frozen at

—20T until analyzed.

1) Whole blood platelet aggregation

Platelet aggregation was measured wusing Aggrolink attached
Chronolog whole blood aggregometer (model 500 Ca Havertown,
Pennsylvania, USA). The whole blood was diluted with isotonic saline
(1:4) to give a platelet concentration of approximately 400,000/ul. Two
uM adenosine diphosphate (ADP) was added to initiate aggregation, and
three readings of impedance(Q) changes were taken for each rat and
the mean value was used. Platelet aggregation causes an increased in
impedance across two platinum electrodes in whole blood and the
impedance gain was set 20Q in recorder response. The impedance
method using the fresh whole blood has the advantage of measuring
platelet aggregation under nearly physiological conditions in the presence

of other blood components.

2) Plasma HDL-—cholesterol, Total—cholesterol and Triglyceride
Total cholesterol and glucose and triglyceride were measured using
commercial enzymatic assay kit (ASAN Pharmaceutical Co., Ltd, Korea).
For total cholesterol, HDL—cholesterol, triglyceride and glucose assay,
20ul each of plasma sample was used for quanitiation, and the

absorbance for total cholesterol, HDL —cholesterol and glucose was read
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at 500nm and triglyceride at 550nm using spectrophotometer (Uvikon

XS, Secomam Co., France)

3) Liver Total cholesterol & Triglyceride

Liver samples were prepared by modifying the method described in
Folch et al. (1956) to determine cholesterol and triglyceride. One gram
of liver tissue was homogenized in 6ml chloroform/methanol mixture
(2/1, v/v) and 2ml distilled water using a tissue homogenizer for 5
minutes and centrifuged at 1000Xg for 10 minutes. The chloroform
fraction containing cholesterol and triglyceride is the bottom layer. For
liver total cholesterol, five hundreds ul of chloroform fraction in the
bottom layer was transferred and leaved to dry for 24 hours. Fifty ul
Triton X—100:chloroform (1:1,v/v) was added and vortexed, and 450ul
chloroform was added to be 500ul and vortexed again. Ten ul was
transferred to a new tube and leaved to dry under clean bench, then
1.5ml color regent (ASAN Pharmaceutical Co., Ltd, Korea) was added
and incubated at 37C water bath for 5 minutes. The absorbance of the
incubation medium was read at 500nm using spectrophotometer.

For liver triglyceride, Ten ul of chloroform fraction in bottom layer
was transferred to a new tube and leaved to dry under clean beach,
then 50ul methanol was added and vortexed. To this solution, 1.5ml
color regent (ASAN Pharmaceutical Co., Ltd, Korea) was added and
incubated at 37C water bath for 10 minutes. The absorbance of the

incubation medium was read at 500nm using spectrophotometer.

_10_
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Vortex

!

l
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|
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|
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bath for 5 min

l
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at 500 nm

Triglyceride assay

Total—cholesterol assay

Figure 1. Analytical Scheme for Extraction of Liver Lipids
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4) Erythrocyte Na-—leak

Red cell preparation:

Blood was centrifuged at 1000 X g for 10 minutes, and the plasma and
buffy coat were removed. Red blood cells were washed 5 times with
cold isotonic washing solution [150mM choline chloride, 10mM Tris—4
morpholinopropane sulfonic acid (MOPS), pH7.4 at 4C] and centrifuged
at 1000xXg for 5 minutes after each wash. The RBC pellet was
resuspended in the choline chloride washing to give 40—50% hematocrit,
which was also measured. A 50ul aliquot of the RBC suspension was
added to bml 0.025% acationox (metal free detergent, Scientific
products, McGraw Park, Illinois, USA) to be used for determination of
intracellular Na concentrations.

Na—leak:

One and half ml each of erythrocyte was added to 30ml medium
(150mM  choline chloride, 10mM glucose, 1mM ouabain, 1mM
furosemide, 10mM Tris—MOPS pH7.4 at 37TC) with or without 1mM
AAPH, then mixed gently and aliquot to 10 tubes. The tubes were
transferred in duplicates to an ice bath after incubation at 37C in a
shaking water bath for 0O, 10, 20, 30, 40 minutes. Tubes were
subsequently centrifuged at 3000Xg for 10 minutes, the supernatant

was removed, and Na concentration was then measured.

Calculations:

Na—leak:

[Na pg/mé] [60min] [ £mole] [44— (4 XHCT)]
X X X

= Na mmole/{ rbc/hr
[min] [hr] [2312] [4 xHCT]

Intracelluar Na:

[ Na pugl " [ #mole] " [101]
(me] [23ug] [HCT]

= Na mmole/{ rbc

_12_
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AAPH

AAPH » 2A
(0)
- ] Na®
AOO =
+ K" -
Na Na-K ATPase

Na®
<P
PASSIVE Na
TRANSPORT
4
Na

Na
COTRANSPORT

Na" K" Na-K
COTRANSPORT

Figure 2. Model of The Mechanism of AAPH Induced Na-Leak in

Red Blood Cell

_13_
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5) PRP TBARS production

Platelet rich plasma (PRP) were obtained after centrifuging whole
blood at 3000Xg for 10 minutes. PRP TBARS (Thiobarbituric
acid—reactive substances) production was measured with a modified
Aust method(1978). TBARS, malondialdehyde (MDA) is an end product
of fatty acid peroxidation.

An half ml PRP in 1.5ml PBS (Phosphate buffered saline) was
incubated at 100C oil bath after adding 2ml TBA solution (15g TBA,
0.319g TCA, 1.81ml 12N HCL in 85ml D—H:0). After cooled under tap
water, the incubated mixture was centrifuged at 1000Xg for 10 minutes.
Finally, the TBARS in supernatant was measured with the absorbance at

532nm on spectrophotometer using deionized H:0 as blank.

6) Liver TBARS production

Aust method was used for the liver TBARS. One gram of minced
liver sample in 2ml PBS was incubated at 100C oil bath for 20 minutes
after adding 2ml TBA or nonTBA solution (0.319g TCA, 1.81ml 12N
HCL in 85ml D—H:0). The incubated mixture was cooled down and
centrifuged at 1000Xg for 10 minutes. The TBARS in supernatant was
spectrophotometrically at 532nm using deionized H:0 as blank. All
samples were performed in duplicate and the values of TBARS was the
outcome subtracting the concentration of the nonTBA treated from the

TBA treated.

7) Protein analysis
Liver protein was measured with Lowry method (Lowry et al, 1951)
using bovine serum albumin as standard protein. The absorbance for

protein concentration was read at 750nm with spectrophotometer using

D—H20 as blank.

_14_
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8) Measurement of hemolysis

Autohemolysis was performed by modified method of Draper et al
(1969). Three hundreds ul of whole blood was dispersed in 3ml PBS
and centrifuged at 1000Xg for 10 minutes. After removed the upper
solution, the red blood cell was diluted with 3ml PBS (1:10), of which
500ul was rediluted with 4.5ml PBS with or without ImM AAPH (1:10).

The red cell solution was incubated at 37C CO:2 incubator for 4
hours. After centrifugation, the supernate was spectrophotometrically
read at 415nm using D—H20 as blank. The percent of hemolysis was
calculated from the absorbance of the same concentration of red blood

cell hemolyzed in deionized H-:0.

9) Statistical analysis

Values were analyzed using the SAS package (SAS, 1994). Analysis
of variance were conducted in a completely randomized block design.
Duncan's multiple test was applied to compared individual means when

F—value was significant (p<0.05).

_15_
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. RESULTS & DISCUSSIONS

1. Weight gain and food efficiency

Weight gain and food efficiency are shown in Table 2. The final body
weight was decreased in the Ecklonia cava (EC) of powder, extract and
Dieckol compared with the control and significantly different between the
Dieckol and the control (p<0.05). The feed efficiency ratio (FER) and
average daily weight (ADG) were tended to decrease in all the EC groups
and there are significant differences between the control and the Dieckol
in FER and ADG (p<0.05) without difference in average feed intake among
groups. LW/BW tended to decrease in all dietary groups of EC but no
statistically different.

The EC powder and Dieckol were decreased in ADG with almost the
same daily feed intake, consequently showing lower FER. Unlike the EC
powder and Dieckol, the EC extract had a high FER, which may be
explained with its higher energy source. The EC extract is a hydrolyzed
product of carbohydrase, while the Dieckol with little carbohydrate and the
EC powder with intact carbohydrate do not have much of available energy
source. We assumed FEcklonia cava, especially Dieckol may have
anti—obesity effect.

Kao et al. (2000) reported that tea polyphenol EGCG suppressed food
intake with low weight gain and improved plasma lipid profile. Kang et
al.(2007) also showed green tea extract suppressed weight gain without
reducing food intake in SD rats. In the present study, polyphenol rich
Dieckol reduced weight gain with the same food intake, consequently
decreasing food efficient ratio (FER). Diepvens et al. (2005) observed
that green tea increased the resting energy expenditure and fat oxidation

during weight loss in overweight females. Lambs fed the seaweed diet
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consumed more feed and gained less body weight than lambs fed grass
hay (Al—Shorepy et al., 2001).

Seaweed such as Ecklonia cava and algae polyphenol such as Dieckol
may have antiobese effects by inducing high metabolic rate rather than

affecting food intake.
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Table 2. Effects of Ecklonia cava powder,

extract and dieckol on growth rate and feed intake in rats

Ecklonia cava

Ecklonia cava

Control Dieckol
powder extract
Initial B.Wl)(g) 216.8 £ 32.4 229.8 + 22.7 229.3 £ 20.2 211.9 £ 23.6
Final B.W(g)* 384.4 + 32.9 351.4 + 35.3% 373.2 £ 49.6® 302 + 36.4°
ADG?(g/d)* 5.94 + 0.86° 4.34 + 0.12% 5.15 + 0.92° 3.22 £ 0.41°
ADFI3)(g/d) 23.55 £ 3.5 22.38 £ 3.3 2235 £ 1.9 23.23 £ 5.8
F.ER"" 0.25 + 0.03° 0.19 + 0.04% 0.23 + 0.02° 0.13 + 0.04°
L.W/B.W" (%) 5.3 + 0.8 4.2 + 0.7 4.8 + 0.5 4.4 + 0.4
YBW : Body weight, LW: Liver weight YADG : Average daily gain
IADFI : Average daily feed intake YFER : Feed Efficiency Ratio
Values are meanstSD of 10 rats.
*Values in the same row not sharing the same superscript differ (p<<0.05)
— 18 —
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2. Plasma total—cholesterol, HDL-—choelsterol, triglyceride and

glucose

Plasma total cholesterol, HDL—cholesterol, triglyceride and glucose are
shown in Table 3. Plasma total cholesterol was decreased in the EC
groups compared with the control. All EC groups were tended to decrease
in total cholesterol between the control and the EC powder showing
significant difference (p<0.05). The HDL-cholesterol was significantly
decreased in rats fed the EC powder and the Dieckol compared with the
control (p<0.05). Plasma triglyceride was not different among groups.
Glucose was decreased in the EC extract, but not statistically different
between each two groups.

Undigestible soluble fiber is known to decrease the risk of coronary
heart disease, mainly due to its charateristics of dispersibility in water,
viscosity, binding and absorptive capacity, fecal bulking and fermentability
in gastrointestinal tract. The capacity of seaweed polysaccharides to lower
serum cholesterol levels seems to be due to its ability to disperse in
water, hold and excrete cholesterol into feces. Marine algae is composed
of 25—75% dietary fiber in dry weight which are primarily soluble fiber,
and physiologically active marine algae polysaccharide inhibit lipid
absorption in the gastrointestinal tract (Jimenez—Escrig et al, 2000).

Wong et al. (1999) showed that diet supplemented seaweed powders
of Ulva sp. and Hypnea charoides reduced the serum total cholesterol in
hypercholesterolemic rats. Ming et al. (2006) also reported mice fed the
polysaccharide diet from Lycium barbarum tended to lower serum
triglyceride. Intact EC powder in present study contains a considerable
amount of mucus polysaccharide fucoidan which might cause plasma
cholesterol decreased. Unlike our study, some seaweed including Ecklonia
cava did not reduce plasma cholesterol but rather elevated it to

considerably large extent (Ren et al, 1994). A mixed sea weed diet did
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not change HDL cholesterol in rats a cholesterol rich diet (Hideomi et al,
2005) which is similar to our results where Ecklonia cava did not affect
HDL cholesterol levels. Soluble fibers such as guar gum and pectin
decreased plasma triglyceride (Grizard et al, 2001), while Ecklonia cava
in present study did not decreased plasma triglyceride. Grizard et al
(2001) in the same study, guar gum and pectin decreased postprandial
insulin concentration without changing postprandial and fasting blood
glucose. EC powder diet in present study did not affect fasting glucose

level.
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Table 3. Effects of Ecklonia cava powder, extract and dieckol on the plasma lipid levels and glucose in rats

Ecklonia cava

Dieckol

Ecklonia cava

% powder extract
Plasma (mg/dl)
Total—cholesterol” 106.8 + 21.6° 77.7 £ 14.1° 86.6 + 12.02% 88.4 + 21.4*
HDL—cholesterol® 28.5 + 5.4° 24.2 + 6.3 27.6 + 3.8° 21.8 + 3.3
Triglyceride 89.1 + 11.4 85.0 £ 9.5 89.1 £+ 12.2 88.1 = 7.8
Glucose 122.4 £+ 16.3 135.6 +15.9 119.5 + 17.4 124.0 + 8.7

Values are means £ SD of 10 rats.

*Values in the same row not sharing the same superscript differ (p<<0.05)

@ jeju
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3. Liver cholesterol and triglyceride

Liver total cholesterol and triglyceride were shown in Table 4. Liver
total cholesterol was decreased in the EC powder compared with other
groups (p<0.05), Liver triglyceride was decreased in all EC groups
compared with the control and showing a significant difference between
the control and the Dieckol (p<0.05)

Kang et al. (2001) reported that high viscous fiber materials such as
prickly pear cactus, Undaria (Wakame) and tangerine pulp did not affect
liver cholesterol, but decreased liver triglyceride in rats fed cholesterol
diet. Some seaweed as well as dietary fiber, particularly polyionic fiber
may interact with dietary cholesterol, leading to its excretion and
subsequently lowering plasma and liver cholesterol (Abe S et al., 1971;
Ren et al, 1994). Wong et al (1999) reported plasma cholesterol
lowering effect was different with different seaweeds, but liver total
cholesterol was not changed with any of seaweed diet in rats fed high
cholesterol diet, suggesting seaweed diets did not affect liver cholesterol
like our results. Unlike liver cholesterol, Ecklonia cava was effective in
lowering liver triglyceride in present study. Kang et al. (2007) reported
that green tea powder and extract decreased liver triglyceride, alleviating
fatty liver. It was suggested that EGCG and tea polyphenol suppressed
fatty acid synthetase (FAS) gene expression consequently reducing fatty
acid synthesis and induced fatty acid oxidation resulting in decreased
plasma and liver triglyceride. In present study, polyphenol rich Dieckol
was effective in lowering liver triglyceride without affecting plasma
triglyceride, suggesting Dieckol may help release liver triglyceride into

plasma.
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Table 4. Effects of Ecklonia cava powder, extract and dieckol on the liver cholesterol and triglyceride content in
rats
Eckloni Eckloni.
Bl cklonia cava cklonia cava Dieckol
powder extract

Liver (mg/g)

Total—cholesterol” 25.9 + 7.9% 24.3 + 5.2° 32.1 + 2.7° 30.5 + 8.0%

Triglyceride” 22.8 £ 7.2° 17.1 £ 5.2%® 16.6 = 5.9 13.6 = 5.2°
Values are means £ SD of 10 rats.
"Values in the same row not sharing the same superscript differ (p<0.05)
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4. Whole blood platelet aggregation

Platelet aggregation and hematocrit were shown in Table 5. Hematocrit
was not statistically different among groups, but the control group was
tended to be higher compared with other groups. Maximum and Initial
slope were decreased in all EC groups compared with the control and
showed a significant difference between the control and the Dieckol
(p<0.05).

In physiological condition, collagen and thrombin are the first inducer of
platelet aggregation following trauma, and ADP, epinephrine, serotonin and
thromboxane (TXAZ2) released during the 1st phase of aggregation cause
the 2nd phase aggregation. Some of these platelet aggregation agonist are
known to be associated with plasma cholesterol. It has been reported that
an increased platelet function is related to hyperlipoproteinmia (Carvalho
et al, 1974; Jamieson et al, 1985). Platelet from type 1I
hyperlipoproteinemia were activated in response to a low concentration of
ADP, epinephrine and collagen (Carvalho et al, 1974). Platelet membranes
from hypercholesterolemic rats had higher thrombin receptors (Jamieson
et al., 1985). Cholesterol—rich human platelet had hypersensitivity to
TXAz2 which activates platelet aggregation (Stuart et al, 1980). In present
study, platelet aggregation was not quite correlated with plasma
cholesterol level. Naseem et al. (1999) observed that platelet aggregation
and its release reaction were affected by the condition of oxidative stress.
Kantonis et al. (2006) also reported that platelet activating factor (PAF)
antagonists in  polyphenol from olive oil exerted significant
antitherosclerotic activity in rabbits. In invitro experiment, PAF
actyltransferase in PAF biosynthesis was increased by LDL—choelsterol
and decreased by tea catechin (Sugatani et al, 2004). Four weeks
supplementation of acute dose of 234mg/d flavanols and oligoprocyanidin

from cocoa inhibited ADP and collagen—induced whole blood platelet
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aggregation in human (Murphy et al, 2003). A plant extract of Yucca
schidigera inhibited thrombin induced platelet aggregation in pig platelet
rich plasma (PRP) and decreased platelet adhesion to collagen and
fibrinogen (Olas et al, 2003). Hideomi et al. (2005) reported that diet
with mixture of seaweed significantly decreased the ADP—induced and
collagen—induced aggregation by 10—15% compared to the control. In
present study, platelets of rat fed polyphenol rich Dieckol showed a
decreased platelet aggregation without any change with intact EC powder
or hydrolyzed extract, suggesting phenolic compounds of Ecklonia cava

might have antiplatelet action.
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Table 5. Effects of Ecklonia cava powder, extract and dieckol on hematocrit and platelet

aggregation in rats

Ecklonia cava Ecklonia cava ,
Control Dieckol
powder extract
Hematocrit(%) 439 + 3.1 415 + 1.9 411 + 2.1 42.3 + 1.7
Platelet Aggregation .
Maximum (Q)"* 11.6 + 2.2° 10.5 + 1.8% 10.0 £ 1.7ab 8.1 + 1.8
Initial Slope(Q/min)?* 12.7 + 3.1° 11.0 £ 3.2% 10.8 £ 1.2 6.9 + 2.1°

1) Maximum aggregation is ohm at the point where aggregate dissociated.
2) Initial slope ohm change for the first one minute of aggregation.

Values are means * SD of 10 rats.
*Values in the same row not sharing the same superscript differ (p<<0.05)

_26_

@ jeju



5. Hemolysis and erythrocyte Na leak

Hemolysis and erythrocyte were shown in Table 6. Hemolysis with or
without AAPH was decreased in EC extract group compared to other
groups (p<0.05). Intracellular Na of group with Ecklonia cava was lower
than the control, but was not statistically difference. Na leak without
AAPH treated was not different among groups. Na leak in AAPH treated
was increased in EC extract group compared with other groups (p<0.05).

AAPH, which is used for radical production, can readily cross the cell
membrane and generate free radicalsin the presence of NADH, causing
damage inside the cells. (Maridonneau et al, 1983).

AAPH (2 2'-—azobis[2—amidino—propanel dihydrochloride), an water
soluble radical initiator readily penetrates into membrane, forms AAPH
derived peroxyl radical in the present of oxygen and acts on membrane
lipid inside of cell, causing membrane damage and lipid peroxidation.
Unlike vitamin E which is localized in the cell membrane, polyphenol such
as flavonoids present in their aqueous phase can scavenge intracellular
and extracellular free radicals. Some flavonoids such as flavanol appear to
pass through biogical membranes. (Scarbert et al, 2000). Upon exposure
to radical producing system such as AAPH, erythrocyte membrane is
damaged and increased in Na passive leak (Maridonneau et al., 1983). In
In vitro study using rat erythrocyte, catechin and quercetin which had
comparatively high radical scavenging in DPPH system showed higher Na
leak increase in PMS treated erythrocyte than hesperidin and naringin,
suggesting DPPH radical scavenging activity not necessarily correlated
with membrane protection from oxidative damage (Lee et al, 2002). In
the present study, intact erythrocyte from rats of EC extract showed the
lowest in both Na passive leak and hemolysis, inferring erythrocyte
membrane being more stabilized. However, after erythrocyte exposed to

AAPH, hemolysis increase was the lowest in erythrocyte from rats with
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EC extract, while Na leak increase was the highest in erythrocyte of EC
extract, suggesting antioxidant action of EC extract may exert on RBC
membrane Na passive efflux and hemolysis in different ways. Curcumin,
diferuloylmethane, a yellowish food pigment showed antioxidant or
pro—oxidant effects depending on the curcumin concentration in incubation
medium by measuring AAPH induced intracellular K+ loss during
erythrocyte lysis. Sulfated polysaccharide, fucoidan from a brown
seaweed, Laminaria japonica inhibited complement mediated hemolysis
(Zvyagintseva et al, 2000) and fucoidan f{fraction prepared from
Ascophyllum nodosum inhibited hemolysis through pathways of
complement activation (Adachi et al, 1990). Liu et al. (2002) reported
that ginsenosides extracted from Panax ginsen inhibit AAPH induced
erythrocyte hemolysis, of which potencies depend on the type of sugar
moieties and their connective positions to the ring of triterpene
dammarane in the structure of ginsenosides. From previous studies, we
conclude that polyphenol rich Dieckol and bioactive polysaccharides,
fucoidan in Ecklonia cava both may play roles in preventing erythrocyte

hemolysis independently and sinergistically.
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Table 6. Effects of Ecklonia cava powder, extract and dieckol on hemolysis and erythrocyte leak

Contrel Ecklonia cava Ecklonia cava Dieckol
powder extract
Hemolysis(%)
_ AAPL 3.11 + 0.6® 3.59 + 0.8° 2.93 + 0.8 3.43 + 0.8
+ AAPIT 51.39 + 9.2° 50.22 + 1.4° 35.11 + 10.9" 50.13 + 2.0°
Intracellular Na + + + +
ntracellular Na 2.86 £0.73 2.00 £ 0.85 2.51 + 0.66 2.49 + 1.04
Eryth leak
(TN Al 2
—AAPH 0.42 + 0.08 0.49 + 0.16 0.39 + 0.12 0.49 + 0.11
+AAPH 0.76 + 0.13 0.96 + 0.15° 1.32 + 0.26° 0.89 + 0.12°
A Na leak 0.34 +0.07 0.47 +0.1 0.93 +0.12 0.40 +0.08
Values are means £ SD of 10 rats.

*Values in the same row not sharing the same superscript differ(p <0.05)
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6. Liver and PRP TBARS production

Liver and PRP TBARS production were shown in Table 7. PRP TBARS
was decreased in all EC groups compared with the control and showed a
significant difference between the control and the Dieckol. Liver TBARS
was not statistically different among groups, but the control group was
tended to be higher compared with other groups.

Wine polyphenol suppressed generation of copper and AAPH induced
LDL oxidation in Chinese hamster ovary cell (Fremont et al, 1999).
Curosawa et al. (2005) observed that rabbit fed diet containing cacao
liquor polyphenol had a decreased plasma TBARS and a reduced
athrosclerotic lesion in aorta compared to that of the control group.
Polyphenol rich extracts from plants such as rosemary, grape, citrus and
marigold reduced plasma MDA production, and rosemary and grape
especially was effective in suppressing conjugated diene formation in
plasma of rats fed a w—3 fat (Gladine et al., 2007). Goat fed alfalfa diet
supplemented seaweed showed much lower lipid peroxidation compared to
the controls, concomitantly lower plasma cortisol during transport stress
(Kannan et al, 2007). Saker et al (2004) also reported that forage feed
containing brown seaweed enhanced antioxidant status and immune
function in heat stressed male lambs. Subcutaneous injection of fucoidan
from a brown algae, Fucus vesiculosus had protective role in oxalate
induced free radical injury on renal cell, restoring renal Na—K ATPase and
decreased plasma TBARS levels in Wistar rats (Coothan et al, 2006). In
present, diets with EC powder, extract and Dieckol decreased liver
TBARS production in some extent, but TBARS in PRP was more
effectively suppressed by diets with Ecklonia cava especially polyphenol
rich Dieckol. With results from previous research, we suggest that
bioactive compounds of Ecklonia cava. phlorotannin and fucoidan both have
health promoting effects with their antioxidant properties, reducing

oxidative stress and aging.
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Table 7. Effects of Ecklonia cava powder, extract and dieckol on the PRP and liver TBARS productions in rats

Control Ecklonia cava Ecklonia cava Dieckol
powder extract
TBARS
)%

PPR’ 5.27 + 1.6° 443 + 1.7° 369 + 1.5 3.09 + 1.8°
(mmol/ml plasma)

Liver

(mmol/g protein) 6.44 + 1.7 5.25 + 1.4 571 £ 1.2 5.45 £ 1.0
Values are means £ SD of 10 rats.

*Values in the same row not sharing the same superscript differ (p<<0.05)
1) PRP : platelet rich plasma
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7. GOT & GPT

GPT and GOT were shown in Table 8. GPT was decreased in Ecklonia
cava groups compared with the control and the lowest group is EC powder
with statistically difference among groups (p<0.05). GOT was shown the
same result that EC powder was the lowest among groups and with
statistically difference (p<0.05).

GPT(ALT) is produced and found mainly in liver, and small amounts
found in the heart, muscle and kidney, therefore GPT is more for the
index of liver disease, while GOT(AST) is found in many body tissues
including the heart, muscle, kidney, brain, lung and also liver. When the
liver 1s injured or inflamed, the level of GPT in blood usually rise, and
body tissue such as heart and liver i1s damaged GOT wusually rise.
Elhalwagy et al (2008) reported that Green tea polyphenol had
prophylactic effect on an insecticide, fenitrothion induced liver and kidney
injury, reducing the elevated plasma GOT and GPT, urea, creatine and
MDA production in albino rats. Fucoidan from Sigma chemicals alleviated
CCl" induced liver fibrosis, decreasing plasma GPT and GOT (Hayashi et
al., 2008). Similarly, Wong et al. (2000) reported that aqueous extracts of
brown algae, Myagropsis myagroides and Sargassum henslowianum
prevented CCl' induced liver damage, decreasing plasma GOT and GPT.
In present study, supplementation of cholesterol may cause fatty liver in
all groups of rat, presumably resulting in increased plasma GPT, but GPT
of all group of rats fall in normal range. Intact EC powder which contains
polyphenol and fucoidan is the most effective in lowering GPT. Unlike
GPT, GOT levels in groups of the control and EC powder fall on upper
limit and was further increased in EC extract and Dieckol. Thus, we can

assume that EC powder is effective of inhibiting inflammation of liver.
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Table 8. Effects of FEcklonia cava powder,

extract and dieckol on the plasma GOT & GPT in rats

Ecklonia cava Ecklonia cava .
Control Dieckol
powder extract
Unit/l plasma
GPT* 18.6 £ 9.4° 8.5 + 2.3 16.9 + 6.7 13.4 + 4.5%
GOT* 59.6 + 12.4° 54,5 + 9° 74.3 + 15 80.1 + 21.6°

DGPT : serum glutamate-pyruvate transferase
2GOT : serum glutamate-oxalate transferase

}/alues are means T SD of 10 rats.
"Values in the same row not sharing the same superscript differ (p<<0.03)
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IV. CONCLUSIONS

This study was carried out to compare the effect of 10% EC powder,
5% EC extract and 3% Dieckol on antiobese, hypocholesterolemic,

antiplatelet and antioxidant in rats fed 5% cholesterol diets for four weeks.

1. The final body weight was decreased significantly in rats fed Dieckol

compared with the control and with low food efficiency (p<0.05).

2. Plasma total cholesterol and was significantly decreased in group of
EC powder compared with other groups (p<0.05) and
HDL —cholesterol was significantly decreased in Dieckol and

EC powder compared to the control (p<0.05).

3. Liver triglyceride was significantly decreased in group of Dieckol

compared with other groups (p<0.05)

4. Platelet aggregation in the maximum and initial slope were
significantly decreased in Dieckol compared with the control

(both, p<0.05).

5. Hemolysis both with or without AAPH treatment was significantly
decreased in EC extract compared with other groups (p<0.05) but
erythrocyte Na leak increase was significantly increased in EC

extract compared with other groups (p<0.05).

6. Platelet rich plasma (PRP) and liver TBARS production were
decreased in all EC groups, and PRP TBARS was significantly

decreased in group of Dieckol compared with the control (p<0.05).
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7. GOT and GPT compared with the control was significantly decreased

in rats fed EC powder (p<0.05).

In conclusion, consumption polyphenol rich Dieckol of Ecklonia cava
has some favorable effects in weight gain, platelet aggregation, RBC
membrane stability and lipid peroxidation. In addition, EC powder is
effective in lowering plasma total cholesterol, GPT and GOP. Intact EC
powder rich in polysaccharide and polyphenol might have health benefits

for human as a potential functional food.
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