o

200718

s
o

il
E
B

o

ﬁo
iy

Mo
X

off
E

AL
0 0
0

-
o|]



279

14

o)

I

T

=Y 2

o

8

arel

2007

o
o

o
=

E

o

J_HO
il

Mo
X

o
e

AL
o o)
o

XA
ol



Abstract

55555566777H

11
11

R
® PG

Abe oz A
7}
&
12
/31
o]
14

muwi

o) : =

H

TK—gm
m_u.o

o3
e

o
=

ol

7].' }\]E‘Q }_;q]

)

=
=
[¢]

o
=
/\E1
/\El

A=
7F. Al oF
(1) CFE9] =4l
2 ls
3 =
15
(1) A¥
2) A¥
(1) AFs7+E,
7

I
1
2

- 11
- 11

B

g

15 =

e
=

(H)



12
12

A2 O AHE e

==
=

Zd2H

¢

=

o = H =

==
=

g

) 39 49

.

o
=

(=) 3
(vh)
)

12

il

78

J Z 9] HDL-Zd 2 H

=}
=

12
- 12
13
- 13
- 14
- 14
- 14
- 14
15
15
16
16
- 17
- 17
19
- 19
- 23
- 27

63:

= <

GOTEF GPTE BHA] woveeerereeremneineiniiniseennes

1]

=
=

19

[
=

()

=] ghrelin WeStern DIOt s

(¢)

=] leptin Western blot eeeeeeciicineatententeaticitttttetcttettistnsctcsactnntsannn

%g] protein 5_4-11

[¢]

=] %9] GOT gl GPTQ] ;{zj_L/\g

==
=

2|

fex

8|

A

E|

ex

2|

7
=
o
=

fex
=

(th 2w Ze
k=)

3
(h)
(6)
7h)
(h)
2.

2. CFE®] &ol7t a7l n]
.

- 27

e

Ton

—

NP

jze]

o

o
Nlo

G
N
~o
N
=K
7RO
T



28

g

=
=

L.

30

33

=L IR

Ton

9

d2eHE o 2g=

==
=

o 2~ H = 3}

o] HDL-Zd| 2~ H

%

) Fo #9

k=)
=

2.

35

g

a3

A},
4.

38

GOT$ GPT 24 v A=

EE

<9

3

X

il

38

38

g

Joll ] GOT, GPTE] THA] «oeveevrmmnmiis

=
=

o,

41

43

- 43

ﬂmo
id
i

oW

44

45

o

g

49

TR

T

ol

FEol WA

]

X
=

o
Nlo

o

X
o

ol

[e)

=] leptin WESEErTl DLOL rrrrrrresrssaeseseseeemnniiiiiiiiiii

k=)
=

7},

o,

54

o

=] ghrelin WeStern DIOL «wwwwweremmreerermiiii

=
=

56

- 59

2
al 7
£

XA



Effect of CFE (Capsosiphon fulvescens Extracts) on Lipid Metabolism

in Rats Fed High Cholesterol Diet

Eun-Jin Jung

Graduate School of Education

LPukyvong National University

Abstract

As the highly industrialized society and improved economical level, the
Korean's dietary life is recently getting westernized, “and it has been
increased the ingestion of food with high-fat, high-protein, ‘and low-fiber.
Because of the disproportionate dietary life, the ingestion calories that is
remained in the body after consuming converted to fat and then the fat is
accumulated | at subcutaneous tissue and abdominal cavity. Thus, the
accumulated fat leads obesity, which causes the serious problem of the
national health such as hyperlipidemia, fatty liver, and arteriosclerosis.

Seaweeds have receivedincreasing attention because these traditional food
sources can both contribute to the maintenance of good health by providing
nutritional benefits and be used to treat disease. Some seaweeds contain high
amounts of proteins, vitamins, and minerals, and several polysaccharides found
in seaweeds have diverse biological activities, including effects on the immune
system and cancer. Some marine algae, for example, contain large amounts of
polysaccharides, such as alginate, fucoidan, carrageenan, and agarose.
Porphyran, a polysaccharide produced by the red alga porpivra yvezoensis , is
produced in large amounts in South Korea and has been shown to decrease
cholesterol levels and to have antibiotic and anticancer effects, while fucoidan

is known for its anticoagulant and antioxidant. The importance of
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polysaccharide to health has therefore encouraged food scientists to continue
searching for new polysaccharide sources as functional ingredients for food
applications.

The aim of this study, therefore, was to investigate the improvement effect
of lipid metabolism in the liver and serum, and the levels of leptin in serum
of the rats supplied with CFE and cholesterol. Male Sprague-Dawley rats (4
weeks old) were assigned to four groups of diets for 4 weeks, respectively; a
basal diet group, a high cholesterol group, a 2% or 4% extract, according to
the levels of extracts supplementation.

CFE was composed of 60% carbohydrate ~and nearly 100% of the
carbohydrate was diet fiber. Effects of CFE in rats were as follow ; although
body weight gains and food efficiency ratio have a little difference among the
groups, CFE 4% group was lower than the other diet groups. There were the
highest weights of the liver, kidney and spleen in the cholesterol group, the
weight of cecum increased in the CFE 4% group. However, there were no
significant differences in contents of the food intake among the groups.

Effects of CEE in serum and liver were as follow. The triglyceride level in
the serum was no. difference among the groups, but the level of phospholipid
and total cholesterol in the - serum of [CFE 4% group was significantly
decreased as compared to the cholesterol group. The triglyceride and total
cholesterol in liver of rats increased in the cholesterol group, and the content
of the free cholesterol and cholesteryl level have shown a similar tendency to
the total cholesterol level. As the levels of CFE supplementation was getting
higher, the AI has decreased, and HDL-cholesterol and HDL-cholesterol/total
cholesterol level have increased.

Blood sugar was significant, but couldn’t find the relationship among the
groups. The GOT and GPT activity was higher in the serum of cholesterol

group, the fecal contents of a day and total bile acid contents and total



dietary fiber contents in the CFE group were more than other groups.

Although an increase in the leptin expression level was observed in the
serum of the cholesterol group, it has decreased significantly in the CFE 4%
group. It showed that the expression levels of ghrelin set against the
expression level of leptin.

These results suggest that the supplement of CFE in hypercholesterolemic
diet could improve the level of cholesterol in the serum and liver, such as the
decreased lipid levels in serum and liver, and an increased lipid level in feces.
According to these results, we suggest that CFE could be an effective

material to prevent and improve the cardiovascular-diseases.
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(Zemani es a/, 2005, Liu et a/, 2005), o]l = =F 3%
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dfQtolut Aa el sfigkell A A Ak gttt (Kang, 2000). z=t¢hw=
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(Kojima et a/, 1999; Tschop er a/, 2000; Tschop ez a/, 2001).
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k=), mineral mix (AIN-76; ICN Biomedicals Inc., U.S.A.), vitamin
mix (AIN-76; ICN Biomedicals Inc., U.S.A.), choline cholride (ACROS
ORGANICS, U.S.A.), DL-methionine (Sigma Chemical Co., U.S.A.),
cholestrol (YAKURI PURE CHEMICALS., LTD, Japan), sodium cholate
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‘ Mesangi (Capsosiphon fulvecens) |
I
‘ Washing ‘
[
’ Lyophilization l
I

| Homogenization l
I

| Extraction (90~100°C, 4hr) |
|

‘ Centrifugation (8,500 rpm, 45min) ‘

Precipitate i ’ Supernatant ‘

added ethanol

| Precipitation |
Incubation (12~24hr)

| Centrifugation (8,500 rpm, 45min) ’

| Precipitate | [ Supernatant

I
‘ Dryness by forced convection oven I
I

| Homogenization ‘
I
| CFE |

Fig. 1. Manufacturing process of CFE from Mesangi

*CFE : capsosiphon fillvecens extracts



Table 1. Formation of experimental diets

(g/kg)
Constituents _ Experimental animal group’

B C CFE2% CFE4%
Corn starch 496 483.5 463.5 443.5
Sucrose 124 124 124 124
Casein 180 180 180 180
Lard 100 100 100 100
Corn oil 90 50 50 50
Mineral mixture 35 38 35 35
Vitamin mixXture 10 10 10 10
Choline chloride 2 2 2 2
Methionine 3 3 3 3
Cholesterol 0 10 10 10
Sodium cholate 0] a5 2.5 2.5
CFE 0 0 20 40

1Experimental animal @ Strain, Sparague Dawley age, 4 weeks; average body
weight; 100~120g; feeding period, 4 weeks by experimental diet after a week
of basal diet.

“Codes of experimental diet. B, fed the basal diet; C, fed the chloesterol diet;
CFE2%; fed the cholesterol diet containing the CFE2%,; CFE4%,; fed the
chloesterol diet containing the CFE4%
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=
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(6) g4 F9 protein 4
(7}) g leptin western blot
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A} 28 Precision
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N
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membrane (Millipore, USA)So 2 2%t} o] uj
Plus Protein Standards (BIO-RAD, USA)=S Al&3ltl. 1% BSAE &
#3t= TBS-T (Tris-buffered saline; 20mM Tris-base, 137mM NaCl,
IM HCI, 0.1% Tween 20, pH 7.6)14] 1A%t blockingd t}2, TBS-T
(Tris-buffered saline;  20mM- Tris-base, 137mM+NaCl, 1M HCI, 0.1%
Tween 20, pH 7.6)2 1027 A & 9. A 243 membranedl leptin 1%}
A (Anti-leptin polyclonal rabbit IgG, Santa Cruz Biotechnology Inc.,
USA)E TBS-Tel 1 : 1,0000% $A5ke] Ao A 1AZF ¥ A F T,
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Luminol/Enhancer Solutions AF-83lo] KODAK X-ray ZEo] 7334 #
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Table 2. Proximate composition of CFE

(%)
total
: B Crude Carbo- )
Moisture Crude lipid ) Crude ash L] dietary
protein hydrate R
fiber
CFE 12.82 0.52 12.34 14.73 59.59 59.56

'100 - (Moisture +-Crude lipid + Crude protein + Crude ash)
2Carbohydrate contains-total dietary fiber
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Fig. 2. The. changes in body ‘weight of the rats

fed the experimental diet for 4 weeks.

*Refer to the footnote of Table 1.
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Table 3. Weight gains, feed intakes and its efficiency ratio

in the rats fed the experimental diets

(Mean = S.D.)
Experimental
] e B C CFE2% CFE4%
animal group
(;iﬁal body weifhE 1649953 1704%86  170.3£49 - \ 168.4%56
Weight gain b2 b b a
(g/Aweeks) 188.5+19.2 199.9+20.4 196.5+21.8 152.9+19.3
Food intake (g/day) 21.5+1.6 22.4+0.7 22.5%1.2 23.2+0.8
Feed efficiency b b b a
ratio (%) 0.34+0.03 0.34+0.03 0.34%0.03 0.25+0.04

'Refer to the footnote of Table1.

All data were calculated by Mean+S.D. for 10 individuals.
*Values different alphabet are significantly (p<0.05) among the group by

Duncan’s multiple range test.
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Table 4. Weight of the organs in the rats fed the experimental diet

(Mean + S.D.)
Experimental
. . B C CFE2% CFE4%
animal group
Liver 10.0+0.687  18.9+237° 17.5+221°  14.4+0.87"
Heart 1.3+0.15 1.4+0.19 1.4+0.17 1.3+0.18
Kidney 2.5+0.15" 2.8+0:25" 2.8+0.25" 2.5+0.17
Spleen 0.8+0.11° 1.0£0.12°  0.9+0.16  0.8+0.13"
Large Intestine 0.8+£0.28 0.8£0.13 0.9+0.29 0.8+0.17
Small Intestine 3.440.66 3.7+0.65 41+117 3.3+0.72
Cecum 0.6+0.07" 0.6=0.10" 0.8+0.19" 0.9+0.13"

'Refer to the footnote of Table 1.
All data were calculated by Mean+S.D. for 10 individuals.
“Values different alphabet are significantly (p<0.05) among the group by
Duncan’s multiple range test.
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Fig. 3. Photographs in the liver tissue of rats

fed the experimental diet for 4 weeks.

*Codes of experimental diet. 1, fed the basal
diet; 2, fed the chloesterol diet; 3; fed the
cholesterol diet containing the CFE2%,; 4; fed
the chloesterol diet containing the CFE4%
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Table 5 . Triglyceride and phospholipid levels in the serum and liver

of the rats fed the experimental diets

(Mean = S.D.)
Experimental
) “ B C CFE2% CFE4%
animal group

Triglycerid level

Serum (mg/d?) 55.7£9.53 54.3£6.69 49.7+16.49 46.9+8.00

Liver (mg/g) 14.94357%  50.8+4.15° 49.1+5.32° 35.1+4.16"

Phospholipid ‘level

Serum (mg/de) 102.611.17°  1281+6.24° 107.3:1557" 88.8+10.48"

'Refer to the footnote of Table 1
All data were calculated by Mean+S.D. for 10 individuals.

*Values different alphabet are significantly (p<0.05) among the group by
Duncan’s multiple range test.
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Table 6. Total Cholesterol levels in the serum and liver

of the rats fed the experimental diets

(Mean = S.D.)

Experimental

. 1 CFE2% CFE4%
animal group

Total cholesterol

level

Serum (mg/dl) 53.3+6.64** 111.8+18.14% 91.8+1955°  74.1+13.17°

Liver ‘(mg/g) 2.7+0.37° 12.4£1.92° 13.8+2.38° 10.4+1.52

'Refer to the footnote of Table 1.
All data were calculated by Mean+S.D: for 10 individuals.

“Values different alphabet “are“-significantly (p<0.05) among the group by
Duncan’s multiple range test.
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Table 7 . Free cholesterol and cholesteryl ester levels in the serum

and liver of the rats fed the experimental diets

(Mean = S.D.)
Serum (mg/d¢)
Experimental Cholesteryl ester
animal group*l Free cholesterol Cholesteryl ester ratio(%)"
level level
B 16.7+3.11% 38.11+6.10° 68.77
C 26.148.75 91.99+14.00° 80.04
CFE2% 17.7+5.84° 76.18+15.77° 83.08
CFE4% 15.9+391% 57.53+10.33" 77.59

'Refer to the footnote of Table 1

All data were calculated by Mean+=S.D. for-10 individuals.

2Cholesteryl ester ratio (%) : Cholesteryl ester/ Total cholesterolx100

Values different alphabet are significantly (p<0.05) among the group by
Duncan’s multiple range test.
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Table 8 . HDL-cholesterol levels and Al in the serum of the rats fed

the experimental diets

(Mean = S.D.)

Serum (mg/d0)
Experimental HDL cholesterol

animal group” HDL-cholesterol level /total cholesterol Al
B 46.4+5.79°° 0.85+0.07° 0.19+0.10"
C 18.7+4.66" 0.18+0.04° 4.94+1.56°
CFE2% 18.4+5.75" 0.21+0.04" 3.99+1.43°
CFE4% 24.8+5.44" 0:36£0.11" 2.11+1.22

'Refer to the footnote of Table 1.
All data were calculated by Mean+S.D. for 10 individuals.

*Values different alphabet are significantly (p<0.05) among the group by
Duncan’s multiple range test.
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Table 9. Glucose levels, GOT and GPT in the serum

of the rats fed the experimental diets

(Mean = S.D.)

Test animal group’ B C CFE2% CFE4%

Glucose level

Serum (mg/d¢) 101.0+17.71%% 96.8+10.35"  116.0+16.10°  104.0+10.37™

GOT (Karmen) 58.0+13.60° 80.1+15.57 79.3+24.18" 71.1+17.49"

GPT (Karmen) 36.949.18" 66.4+9.19° 54.348:36 46.1+7.07°

'Refer to the footnote of “Table I.
All data were calculated by Mean+S.D. for 10-individuals.

“Values different alphabet are significantly (p<0.05) among the group by
Duncan’s multiple range test.
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The liver of rats were fixed by Bouin fixation liquid. After
being embeded in paraffin, sections of the livers were out 5n
m thick, and H & E(hematoxylin & eosin) staining was
performed. Photographs of each of the livers of were taken
from every section at x200 magnification. Refer to the
footnote of Fig. 3.
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Table 10. fecal cholesterol and total bile acids contents

of the rats fed the experimental diets

(Mean + S.D.)

Experimental
) o B C CFE2% CFE4%
animal group

feces (g/day) 0.60+0.106°°  0.70+0.103™ . 0.99+0.158°  0.79+0.150"

Total cholesterol

75+2.02% 32.0+5.24" 31.8+5.85" 43.4+3.27°
(mg/g)
Total bile acid a A . d
4.0+1.54 13.1+11.04 29.0+8.29 43.1+8.89
(umol/mg)

'Refer to the footnote of Table 1.
All data were calculated by Mean+S.D. for 10 individuals.

*Values different alphabet are significantly (p<0.05) among the group by
Duncan’s multiple range test.
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CHOL CFE 2% CFE 4%

Fig 5. Dried feces of rats fed the experimental diet
for 4 weeks.

*Refer to the footnote of Table 1.
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Table 11. total dietary fiber (TDF) of feces in the rats

fed the experimental diets

(Mean = S.D.)
Experimental
] 2 B C CFE2% CFE4%
animal group
feces (g/day) 0.60£0.106°*  0.70+0.103™  0.99+0.158" 0.79+0.150"
TDF (g/g) 0.36%0.016 0.3620.028 0.39+0.054 0.40+0.070

'Refer to the footnote of Table 1.

All data were calculated by Mean+S.D. for 10 individuals.

“Values different alphabet are significantly _(p<<0.05) among the group by
Duncan’s multiple range test.
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7}. @A leptin western blot

Agaolo w2 FA F lepting] YHAAEE AHE A F2HE
= Aolol H7bsto] nEH2HEEST 524 €5 leptin A= F
7he bl FH2EEY FAY CFEE §0l39S woles 7 2dAE
7 & 3t Aoz YERRT (Fig. 6).

Leptine A WAl £ H vk F 2ol oa] YAHHE S22 0= AlYe}

o= %

b

rlr

Lo
1

N

o z243le] SAXAHZ AAA T L o YURA 2HZE Z7FAl A HWFE =
Aste @ AR (Caro era@/ 1996), 71 dF T =71 AFxzZ 9 k3 4

g 8to] (Ostrund es @/ 1996) A WAlE o] AW =# o] ZFrad4=

2o 24 leptine A& & 2AstE G AEN o Aol HHeH, d
el leptin 2] AlstFol = FEAS} AFcto] HolHAS HA
Al 713l thermogenesis®F S 5& S F7FA A o U] v &o] F7FE
A3 AApge] FiAdEva Sl
(Behme, 1996; Mistry ez @/, 1997; Lee ez a/, 1999; Havel, 2000). A< ©]

g Aol HAFS @

B
>,
i)

2o lepting ¥ E7F EZolrtvla B uEo] (Lee ef @/ 1999; Havel
2000), @ ¥ leptins v AAWTZFS Yetlle Ax= ddA HI AT
Ao A Wo] Hgx1 d=d (Havel, 2000), Kwon es @/ (2005)2 =
g H7bel oJate] leptin®] EH Fol fro]Aom ZAF Zow HWop AW
of F45= AS A= &BAVE sl BEEUA, Kang e o

(2003)& TAWHol HAA AFF/ o] g L B3 15% Gl
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16 kDa -

= 30 |

-

B C CFE 2% CFE4%

B C CFEZ2%0 CFE4%0

Fig. 6 Western blot for detecting leptin protein levels

in the serum of rat.

Serum ~was mixed with-loading buffer and loaded onto
and 17% polyaerylamide gel: After electrophoresis,
proteins were transferred onto nitrocellulose membranes
and blotted against primary antibody. Membranes were
washed and incubated with a 1 : 1000 dilution of
HRP-conjugated secondary antibody. Protein bands were
visualized by an enhanced representative experiment
being shown. Westen blot analysis were performed as
described in Materials and Methods. (A) Representative
western bolt analysis bands for leptin. (B) Quantitative
analysis of leptin.

Refer to the footnote of Table 1.
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. €A ghrelin western blot

AP Aolo] e EH F ghrelind TFIAAEE HHE AI}= Fig. 7
I 2. FY2"HETNA ghreling wdo] fFoHow FIFAaddow
CFE 2%olA #oAow F7tekdth. o= Considine ef @/ (2001)¥}
Wang es a/. (1999)°] oluAl delo] w4 (F4) e Moz A
LW 8% ghrelin® 7} A ttE A3 Kim er @/ (2002)0] L ubx o
= HRESAO AlA JeptinA] oF WHHE ¥ = Ao w BAUE Wast U
Adtolty. 2Yvt CFE 4%wolA #9948 AolE Holx &e AL
CFE9 =2 wHol7F LHFt foA RS FU7] WEd 2oz o

ARG o] Fe] 1 BWe A7t HQ ki A4
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ghrelin ratio(%)

40
35
30
25
20

o o

Fig.

B [ CFE 2% CFE4%0
| b
I ab ab
| a
B C CFE2% CFE4%

7. Western . blot for detecting ghrelin-protein levels
in the-serum-of rat.

Serum was mixed with loading buffer and loaded onto
and 125% polyacrylamide gel. After electrophoresis,
proteins were transferred onto nitrocellulose membranes
and blotted against primary antibody. Membranes were
washed and incubated with a 1 : 10000 dilution of
HRP-conjugated secondary antibody. Protein bands were
visualized by an enhanced representative experiment
being shown. Westen blot analysis were performed as
described in Materials and Methods. (A) Representative
western bolt analysis bands for ghrelin. (B) Quantitative
analysis of ghrelin.

Refer to the footnote of Table 1.
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