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ABSTRACT KEYWORDS
To examine the effect of Codium fragile on blood cholesterol and lipid Hyperlipidemia;
metabolism, hyperlipidemiawasinduced in experimental animal ratsthrough Codium fragile;
the administration of ahypercholesterolemic diet. Codium fragile powder Rat liver cell;
was then administered to theratsfor 5 weeks, after which, blood biochemi- Lipid metabolism.

cal changes such asblood cholesterol, Aspartate Aminotransferase (AST:
serum SGOT) and AlanineAminotransferase (ALT: serum SGPT) enzyme
activity, etc. were determined. And histological changesinliver cellswere
examined using an el ectron microscope. Codiumfragiletreatment resulted
in asignificant reduction of the levels of total cholesterol, blood triglycer-
ide and low-density cholesterol (LDL. Chol) compared to the control rats.
In contrast the expression levels of high-density cholesterol (HDL. chol.)
wereincreased. TheAST value of the Codium fragile administration group
was significantly reduced and the blood ALT value of the Codiumfragile
group showed a significant decrease in comparison to the negative con-
trol group. Degeneration of hepatic tissues due to the consumption of a
highlipid diet for along period of timewasreported in the negative control
group; the accumulation of lipid droplets in the cytoplasm was aso ob-
served. On the other hand, in the Codium fragile administration group, a
substantial reduction in the accumulation of lipid droplets in the cyto-
plasm was seen, and in addition, it was confirmed that the degeneration of
hepatic tissues recovered almost to level of that of the normal control
group. In summary, this study demonstrated the beneficial possibilities of
Codium fragile in improving the abnormality of lipid metabolism caused
by liver cell damage and hyperlipidemia.
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INTRODUCTION tion of dietary habits, the consumption of high calorie
food and meats haveincreased, and consequently, obe-
Recently, duetothediversficaionandwesterniza- ~ Sity, stroke, arterioscleross, hypertension, digbetes, and
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other lifestylediseasesareon theincrease. According
to the nationa nuitrition survey by the heath and wel-
fare department (Korea), in Korean diet, thefat con-
sumption rate per day iscontinuoudy increasing from
16.9g in the year of 1969 to 36.8g in 2007, Such
increaseof fat consumption hasledto anincreaseinthe
incidence and mortality of circulatory diseasesby in-
creasing thelipid content in the bodly.

Among diseases of thecirculatory system, hyper-
lipidemiarefersto the condition wherein plasmacho-
lesterol or triglyceridelevelsare abnormally el evated.
Inthedevel opment of cardiovascular diseases, the con-
centration of cholesterol hasbeen knowntoact asan
important contributing factor. Blood cholesterol con-
centration is controlled in vivo and maintained con-
stantly. Nonethel essif it were consumed excessively
for along period of time, itsblood concentration be-
comes accumulated and induces hyperlipidemia, arte-
riosclerosis, coronary artery diseases and other car-
diovascular diseasesd™®.

Chronichigh caoriefoodintakecanimpair thefunc-
tion of liver cells, which play animportant roleinthe
metabolism of nutrients. Hepaticinjury canresultin se-
veredamagetotheserumleve of AST,ALT and cho-
lesteral (LDL. Chol and HDL. chol.)¢131618 Thedeg-
radation of normal liver functionsisindicated by the
increased levelsof sesrtumAST and ALT enzymesthat
arenormally concentrated inthe hepatictissue. Incressed
levelsof AST and ALT enzymesin the serum can be
caused by fatty liver or exposureto by-products, re-
sultingin metabolic problemsof theliver and hepato-
cyte death. And high levels of cholesterol are major
causd factorsinthe devel opment of atherosclerossand
subsequent cardiovascul ar diseasg®1011.17.18],

Recently, drugs suppressing 3-hydroxy-3-
methylglutaryl CoA reductase (HM G-CoA reductase),
whichisanenzymerequired for the synthesisof cho-
lesterol in hepatocytes, have been reported to be most
effectiveamong drugsfor the treatment of hypercho-
lesterolemid?Y. Inaddition, cholestyramine, clofibrate,
gemfivrozil, nicotinic acid, probucal, etc. have been
developed asdrugsto decrease blood lipid concentra-
tion. However, the effect of these drugs are not con-
gtant between variousindividuasand furthermore, vari-
ousside effects of these drugs haverecently been re-
veded™,

inogecﬁtzofo_qy C—

Therefore, toresolvethe safety problem of thelong-
termintake of lipid-depression drugscurrently supplied
by clinics, theappropriate consumption of natura food
types has been recommended for the prevention and
treatment of cardiovascular diseases'®31618, |nterests
innatura diet therapy hasheightened asthe physiol ogi-
ca approach tolowering blood cholesterol level. Stud-
ieson the prevention and improvement of hyperlipi-
demiaby applying functiona materid sextracted from
natural food typesare a so generating widespread in-
teresti27,

A type of green agae, Codium fragile is used
widedly asfoodin Korea, China, Japan aswell as Phil-
ippines, Hawaii, Africa, and other countries®*9, It has
been used asahdminthicinfolk medicineaswell asfor
urinary diseasesand obesity treatmentd??. Theextract
of Codiumfragilecontainsacrylic acid that hasantibi-
otic activity, anticoagul ation activation materias, agglu-
tinin and al so anticancer aswell as anti-mutation and
immune activity*>4, Thusit isauseful marine plant
that could beappliedinthefield of pharmacol ogy and
medicineand hasthe potential to beacandidate mate-
ria for thetreatment of hyperlipidemiaaswell asobe-
Sityllg’zol.

Thisstudy wastherefore conducted to elucidate
theeffectsof Codiumfragileon hepatic function dam-
aged by hyperlipidemiaand elevated blood lipid con-
centrationsinrats. Codiumfragile extract wasadmin-
igeredtoratsthat wereprevioudy maintained onahigh-
fat diet so astoinduce hyperlipidemia. Aspartate Ami-
notransferase (AST: serum SGOT) and AlanineAmi-
notransferase (ALT: serum SGPT) activitiesweremea:
sured. Also, the serum magor lipid components, i.e. trig-
lycerides, total cholesterol (T.chal.), low-density cho-
lesterol (LDL. chol.), and high-density cholesterol
(HDL. chal.) activity were measured. To assessthe ef -
fectsof Codiumfragileextract onliver cellsdamaged
by hyperlipidemia, ahistopathologicad study ontheliver
was carried out using €l ectron microscopy.

MATERIALSAND METHODS

Experiment animalsand diet

Asexperiment animals, 32 Sprague Dawley male
rats, 4 weeksof age, with an averageweight of 79.29
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TABLE 1: Compostion of basal diet

Ingredients Contents(%)?®

Crude protein 22.1
Crudefat 35
Fiber 5.0
Crude ash 8.0
Calcium 0.6
Phosphate 0.4
aper 200g

TABLE 3: Experimental designs

Groups No.of Composition of treatments

rats
8 badicdiet + distilled water

Normal control

group
Negative control 8 70% fatty liver inducing feed + 30%
group basic diet + distilled water

Positive control 8 70% fatty liver indgci ng food + 30%
group basic food + BCPS

Experiment 8 70% fatty liver inducing food + 30%
group Codium fragile powder + distilled water

*BCPS: Blood circulation promotion solution(mixtur e of ginkgo
biloba extract 120mg and sodium benxoate 60mg/mL, Cho-A
Pharmaceutical Co., Ltd., Seoul)

+ 1.73g were obtained from Daehan Biolink Co., Ltd.
(Seoul). Theanimal swereallowed to adapt to the ani-
mal facility for 1 week. Thetemperature and humidity
of theanimal room weremaintained as22+2°Cand
55+ 5%, respectively. The rats were kept on the 12 h
light/dark cycleand acclimatized to thehousing Situa:
tion. Under afreeenvironment, basal food (Superspeed,
Co. Seoul) (TABLE 1), food inducing fatty liver
(TABLE 2), and drinking water werefregly supplied.

Classification of experiment groups

After oneweek of the adaptation period, therats
weredividedinto 4 groups(n=8) asfollows: (i) normal
control ratsadministered with abasicdiet + distilled
water, (ii) negative control ratsadministered 70% fatty
liver-inducing feed + 30% basic diet + distilled water,
(i) positivecontrol ratsadministered 70% fatty liver-
inducing food + 30% basic food + blood circulation
promotion Solution, (iv) experimental control ratsad-
ministered 70% fatty liver-inducing food + 30% basic
food + Codiumfragileextract (TABLE 3)18%8, Each
feed was prepared by adding 60 g basic diet to 140g
fatty liver feed (DyetsINC., New York, USA, DY ET#
101865 Custom, AIN-76A Based Purfied Rat Diet
With 15% Pam Qil, 1.5% Cholesterol, and 0.5% Chalic
Acid), and 200g each diet wasa lowed to be consumed
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TABLE 2: Composition of hyper lipidemicdiet

Ingredient grams/Kg
Casein 200
Sucrose 330
Cornstarch 150
Corn ail 50
Palm oil 150
Cdlulose 50
Ingredient o/Kg
Calcium phosphate dibasic ~ 500.00
Sodium chloride 74.00
Potassium citrate H,O 220.00
Potassium sulfate 52.00
Magnesium oxide 24.00
Manganous carbonate 3.50
Mineral mix#  Ferric citrate U.S.P. 6.00 55
200000 Zinc carbonate 1.60
Cupric carbonate 0.30
Potassium iodate 0.01
Sodium selenite 0.01
Chromium i
Al potassium sulfate 055
Sucrose, finedy powdered 118.03
Thiamine HCI 0.60
Riboflavin 0.60
Pyridoxine HCI 0.70
Niacin 3.00
Calcium pantothenate 1.60
Vitamin mix # Folic acid 0.20
300050 Biotin 0.02 10
Vitamin By, (0.1%) 1.00

Vitamin A pamitate (500,000
1U/g)
Vitamin D3 (400,000 IU/g)  0.25

Vitamin E acetate (500 |U/g) 10.00

0.80

Menadione sodium bisulfite  0.08
Sucrose finely powdered 981.15
Cholesteral 15
Choline bitartrate 2
DL-methionine 3
Chalic acid 5

fredy for 5weeks. Distilled water, blood circul ation
promotion Solution (BCPS) and Codiumfragileex-
tract wasadministered ora ly using asyringe everyday
at acongtant time.
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TABLE 4: Body weight gain and ratio of liver weight to body
weight administered for 5weeks

Change of thebody Liver (% of the

Groups weight (g) body weight)

5-0 Mean + S.D.

Normal control 307.11+5.24 5,53+ 0.45
Negative control ~ 329.34 + 19.58* 13.22 + 0.64*
Positive control 321.83+7.62 12.13+£0.56*
grxoﬁ’;'mmta' 30539+ 086*"  10.65+0.79*"

Each value was represented as mean+tstandard deviation for 8
rats. Means with different superscripts within a column are
significantly different from the normal control at *p<0.05,
**p<0.01, and significantly different from negative control at
#p<0.05

TABLE 6: Serum levelsof total cholesterol and triglyceride

Total cholesterol ~ Triglyceride

Groups
Means+ S.D Means+ S.D
Normal control group 55.25+10.94 54,75+ 10.87
Negative control group 191.50+63.98* 61.75+5.19*
Positive control group 130.00 + 14.54**  46.25 + 6.45*

Experiment treatment group  132.50 + 20.34** 55,00+ 10.30***
Each value was represented as mean+tstandard deviation for 8
rats. Means with different superscripts within a column are
significantly different from the normal control at *p<0.05,
**p<0.01, and significantly different from negative control at
#p<0.05

Preparation of Codium fragile extract and BCPS

Boiling water extracts of Codium fragile were
prepared from the dried Codium fragile. 25g of
Codium fragile was added into 1,000mL of steril-
ized water and boiled for 150 min using aherbal and
medicinal boiling pot (Daewoong Co., Ltd., Seoul).
After centrifugation at 6000 x g for 15 min, agqueous
extracts from the samplewerefiltered through 3mm
filter papers (Whatman, England), and thefina vol-
ume was adjusted to around 400mL in order to pre-
pare an appropriate volumefor administration (about
1.6 g/kg body weight/day)!'*1216-18 BCPSwas mix-
ture of 120mg Ginkgo bilobaextract and 60mg/mL
sodium benxoate (Cho-A Pharmaceutical Co., Ltd.,
Seoul), and the dose was cal cul ated by the average
weight of experimental animals based on humans
(60mg/kg daily) and administered.

Animal autopsy

Onthelast day of the experiment, theanimaswere

fasted for 16 hours, the abdomen was resected under
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TABLES5: Serum levelsof AST and ALT

AST ALT
Group
Means+ S.D Means+ S.D
Normal control group 131.50+24.80 42.25+10.31
Negative control group 951.75+204.80* 180.00+ 17.72*

Positive control group 787.00+ 162.45%* 154.00 + 75.77
Experiment trestment group  662.25+ 233.70*  143.50+ 61.21*

Each value was represented as meansstandard deviation for 8
rats. Means with different superscripts within a column are
significantly different from the normal control at *p<0.05,
**p<0.01, and significantly different from negative control at
#p<0.05

TABLE 7: Serumlevelsof HDL -cholesterol and L DL -choles-
terol

HDL LDL
Groups
Means+S.D Means+S.D
Normal control group 24.25+2.63 950+ 1.29

Negative control group 13.50+ 1.29* 100.25 + 27.44*
Positive control group 20.00+ 1.83** 55,50+ 9.98*"

Experiment treatment group 17.50 + 3.11*" 68.75 + 12.53*"*
Each value was represented as meansstandard deviation for 8
rats. Means with different superscripts within a column are
significantly different from the normal control at "p<0.05,
"p<0.01, and significantly different from negative control at
#p<0.05

weakly anesthetized condition with ethyl ether and 3-
4mL blood was collected from the venae cavae and
distributed into an EDTA-freetest tube. Immediately
after blood collection, theliver wasextracted, washed

with cold salineand thewei ght was measured.

Biochemical analysis (AST, ALT, HDL-choles-
terol, LDL-cholesterol, Total cholesterol, Triglyc-
eride)

Theblood collected from each experiment group
was kept at room temperature for approximately 30
minutes. The serum was separated by centrifugation
(6,000 x g, 15 min) and used for serum biochemical
tests. Agpartatetransaminase (AST), amarker enzyme
of thedeterioration of liver function was measured us-
inganAST (GOT) kit (Bayer Co. Ltd., Frankfurt, Ger-
man) whileaaninetransaminase (ALT) was measured
using an ALT (GPT) Reagents kit (Bayer Co. Ltd.,
Frankfurt, German). Thetota cholesterol concentra-
tion was measured using a Chol esterol Reagentskit
(Bayer Co. Ltd., Frankfurt, German) by an automated
biochemica analyzer (ADVIA 1650/2400, Bayer Co.
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Ltd., Frankfurt, German), high-density lipoprotein
(HDL) wasmeasured usingaDirect HDL-Cholesterol
Kit (Bayer Co. Ltd., Frankfurt, German) and |ow-den-
gty lipoprotein (LDL)-cholesterol wasmeasured using
aLDL-cholesteral kit (Daiichi Co. Ltd., Tokyo, Ja-
pan) by an automated biochemical anayzer (ADVIA
1650, Bayer Co. Ltd., Frankfurt, German). Triglycer-
ide (TG) concentrationwasmeasured usingaTriglyc-
eridesreagents (Bayer Co. Ltd., Frankfurt, German)
by an automated biochemica anayzer (ADVIA 1650/
2400, Bayer Co. Ltd., Frankfurt, German)(&10.11.17.18]

Cytohistochemical analysis

Ratsin each of thefour groupswere anesthetized
by inhaling ether and liver tissue (1Imm?) wasremoved,
washed by administering sdine (0.9% NaCl) and fixed
infixative solution (4% paraformal dehyde and 2.5%
glutaraldehyde) for 12 hours. Thesampleswerethinly
sectioned, fixedwith osmium acid (0504, 2% Osmuim
tetroxide) for 1 hour at room temperature and washed.
The samplesweretreated with ethanol for 60 minutes
at each concentration. The dehydrated tissues were
substituted with propyrene oxide, embedded in epon
resin and polymerizedinanincubator (60°C, 72 hours).
The polymerized tissueswere prepared as 60-80nm
thick sectionsusing an ultramicrotome, attached to cop-
per grids (300 mesh), dried, electronicaly stained with
lead citratein uranyl acetate for 15 minutesand exam-
ined by atransmission € ectron microscope (JEM-2000
EXl I , 80KV)[4,5,10—13,14,16—18] .

Satistical analysis

All resultswere shown asmean =+ standard devia-
tion. Statistical evaluation of datawas performed by
Duncan’s multiple range test to make comparisons be-
tween groups.

RESULTSAND DISCUSSION

Weight gain and ratioof liver weight tobody weight

Theweight changeof experiment animalsthat were
administered withahighfat diet for 5weeksisshown
inTABLE 4. Thefind weight changeof thenorma group
and the negative control group was shown to be
307.11+ 5.24g and 329.34 + 19.58¢, respectively. The
final weight change of the positive control group was

321.83+7.62g, while the Codiumfragileadministra-
tion group was shown to be 305.39 + 0.86g. It was
a so found that in the negative control group, theover-
welght phenomenon was shown in comparisonto the
norma group. The Codiumfragileadministration group
showed asignificant weight changesimilar to thenor-
mal group. Thusthe effect of the negation of weight
gain caused by thehighfat diet inthe Codiumfragile
adminigtration group was confirmed.

Theratioof total weight of experiment animalsand
theratio of body weight to liver weight obtained from
our experimentisshownin TABLE 4. After consump-
tion of thehighfat diet for along period, theliver was
enlarged because of fatty liver and hepatic fibrosis.
Severd research results showed that theliver weight
of al highfat diet groupswasincreased by the accu-
mulation of lipidin hepatic tissuesdueto consumption
of ahighfat diet?!. Inthe present study, asimilar trend
to previously reported studies was shown. Theratio
of body weight and theliver of the negative control
group was 13.22 + 0.64%, and it was significantly
high in comparison to the normal group of 5.53 +
0.45%. Thusit wasfound that fatty liver and liver fi-
brosis had aready progressed; thiswasin agreement
with previousreports showing that theliver became
enlarged upon administration of highfat diet for along
period of time.

Ontheother hand, the positivegroupwas12.13+
0.56%, and aslightly reduced valuewas shown, and
theratio of body weight and theliver inthe experimen-
tal group was shownto be 10.65+0.79%, and a sig-
nificant decreased was shown in comparison withthe
normal group and the negative control group.

Activitiesof AST and ALT

ChangesinAST and ALT activity of eechgroupis
presented in TABLE 5. AST and ALT levelsbothin-
creased withincreased high fat diet intake. Theseen-
zymesarewel |-documented indicators of hepatic dis-
function, withincreased AST and ALT leve sreflecting
impaired liver function®. Inthenorma group, theAST
valuewas shownto be 131.50+24.80 U/L, the value
of the negativegroup showed argpidincreaseto 951.75
+204.80 U/L, and thus the liver damage caused by the
consumption of highfat diet for alongtime could be
confirmed.
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Figurel: Changesintheultrastructureof thehepatocytesof rats. (A) no cytoplasmic changesin thenormal control groups.
(B) hepatocytes of negative control group show degener ativesignssuch asclear areasand dilated biliary canaliculi without
microvilli and the hepatocytesalso exhibit adiffuseaccumulation of lipid droplets(L ) in thecytoplasm and show theincr ease
of collagenin thehepaticlobule. (C) lipid dropletsar edightly increased in thehepatocytesof the positivecontrol group. (D)
hepatocytesin experiment group animalsshowsthenor mal mor phology of hepatocytes(asin thenormal control group) with
none of thedegenerativesignsexhibited in the negative control group. M, Mitochondria. N, nucleusof the hepatocyte. C,
collagen. R, rough endoplasmicreticulum. BC, bilecanaliculus. L, lipid droplet. scalebar = 5um. M agnification: x 10,000.

Inthe positivegroup, theAST valuewas 787.00+
162.45 U/L, which showed adight decrease compared
to negativegroup. TheAST value of the Codiumfrag-
ileadministration group was 662.25+233.70 U/L. It
was measured to belower than theAST value of the
negative control group. TheALT level of the normal
group was showntobe42.25+ 10.31 U/L, the nega-
tivecontrol groupwas 180.00+ 17.72 U/L, and it was
shown to be markedly higher. Thisa so confirmed the
presenceof liver damage dueto the consumption of the
highfat diet for the period of time. TheALT vaueof the
positive control groupwasshownto be154.00+ 75.77
U/L, theALT vaueof the Codiumfragileadministra-
tion group was shown to be 143.50+ 61.21 U/L. In
this study, the Codium fragile administration group
exhibited significantly reduced AST and ALT levels
compared to the negative control group. These data
suggest the possibility of Codiumfragilebeing an ex-
cdlent candidateto amdioratetheeffect of hepatocytes
and anti-hyperlipidemiafrom high fat diet-mediated
damageintherat.

Total cholesterol and triglyceridelevels

Serum total cholesterol and triglyceride concen-
trationsare presented in TABLE 6. Total cholesterol
concentration of the normal group was 55.25 +
10.94mg/dL, whilethat of the negative control group
wasincreased greatly to 191.50 + 63.98mg/dL. To-
tal cholesterol levelsin the positive control group and
the Codiumfragile administration groupswere shown
tobe130.00 + 14.54mg/dL and 132.50 +20.34mg/
dL, respectively. Serum triglyceride concentration of
thenormal group, the negative control group, theposi-
tive control group, and the Codiumfragile adminis-

tration group were 54.75 + 10.87mg/dL, 61.75 +
5.19mg/dL, 46.20 + 6.45mg/dL, and 55.00 +
10.30mg/dL, respectively. In comparison to the nor-
mal control group, the Codiumfragileadministration
group showed asignificantly low total cholesterol and
triglyceride content. Many reportsindicated that ahigh
fat diet intake significantly increased both serum and
hepatic triglyceride (TG) levels resulting in
hypertriglyceridemiaand fatty liveri*4. Datasumma-
rizedin TABLE 6 indicatesthat the administration of
Codiumfragile extract have markedly beneficial ef-
fectsontheserumlipidlevels. Based onreports. indi-
cating that an elevated blood cholesterol level isone
of themain causes of vascular diseaseinthe heart and
circulatory system!®8, anumber of drugs have been
devel opedtolower plasmachol esterol concentrations,
such as cholestyramine, probucol and statins. How-
ever, littlework has been donein devel oping natural
materialsto prevent hyperlipidemia. In thiscontext,
thisreport suggeststhat Codiumfragilel may repre-
sent an alternative therapeutic agent to assist inthe
prevention and treatment of hyperlipidemia.

HDL -cholesterol and L DL -cholesterol levels

Serum HDL-cholesterol and LDL -cholesterol con-
centrationsare presented in TABLE 7. HDL-choles-
terol hasthe effect of improving arteriosclerosisand
angiosclerosis. LDL -cholesterol accumulatesinthear-
tery blood vessel wal primarily and may cause arterio-
sclerosis, and thusit has been known to be an impor-
tant risk factor inthe devel opment of arteriorsclerosis
and cardiovascular diseases?. In our experiments, the
HDL-cholesterol level of thenormal group was24.25
+ 2.63mg/dL, while the negative control group and the
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positivecontrol groupwasshowntobe 13.50+ 1.29mg/
dL and 20.00 + 1.83mg/dL, respectively. That of the
experiment group was shownto be17.50+ 3.11mg/
dL, andin comparisontothenormal group, itwassig-
nificantly low by morethan 30 %. The LDL-choles-
terol of thenormal group (9.50+ 1.29mg/dL) and the
negative group (100.25 + 27.44mg/dL) was notice-
ably different. Comparing the positive control group
(55.5049.98mg/dL) and the experimental group (68.75
+ 12.53mg/dL) with the negative control group, the value
of LDL-cholesterol wassignificantly decreased. It was
found that Codiumfragiledirectly lowered the blood
LDL-cholesterol valueand increased HDL -cholesterol
veue

Inthe American NIH standard, for the determina-
tion of therisk level of cardiovascular diseases, the ar-
teriosclerosisindex and cardiac risk index have been
applied®. In our experiments, theratio of HDL-cho-
lesterol and tota-cholesterol (HTR: HDL-cholesterol/
total-cholesterol), thefluctuation of arteriosclerosisin-
dex (A.l., atherogenicindex: total-cholesterol-HDL -
cholesterol / HDL -cholesterol), and cardiac risk factor
(C.R.F, cardiacrisk factor : total-cholesterol / HDL -
cholesterol) wasca culated. The HTR of the Codium
fragileadministration group was 2 timeshigher than
that of thenegative control group, and thusit wasfound
to reducetherisk of the devel opment of cardiovascular
diseases. Thearteriosclerosi sindex of thenegative con-
trol group showed avauereachingamost 2timeshigher
than that of the Codiumfragile administration group.
Itscardiac risk index showed apattern smilar to arte-
riosclerosisindext®.

Hyperlipidemiaisanindex of arteriosclerosssymp-
toms. It hasbeen reported to increase the synthesis of
triglyceridesinthesmall intestine. Thesecretion of chy-
lomicronincreasesthe synthesisof triglyceridesin the
liver, thereby increas ng the synthesisand secretion of
VLDL-cholesterol and LDL-cholesterol, decrease
HDL-cholesterol synthesisand decreasing lipase ac-
tivity. A decreasein thelipase activity inducesthere-
duction of theremovd of triglyceridesin peripherd tis-
sues. Inour study, sSimilar resultsweredemongtratedin
ratswherein aninduced dietary hyperlipidemiadlowed
for the noti ceabl e e evation of the content of total-cho-
lesterol and LDL-cholesterol.

Cytohistological study

Figure 1 showsthe results of the observation of
liver cdll tissues examined by atransmission electron
microscope. Figure 1A isthe electron micrograph of
thenormal group, 1b isthe negative control group, 1C
isthe positive control group, and 1D isthe electron
micrograph of the Codiumfragileadministration ex-
periment group.

Fgure1(A) depictsthenorma morphology of hepa-
tocytes. Themitochondriaexhibit anormal morphol-
ogy. Inthee ectron micrograph of the negative control
group, degeneration of liver tissues caused by the
comsumption of ahighfat diet for along period of time
isshowninfigure 1(B). Hepatocytesexhibited diffuse
accumulation of varioudy sized lipid droplets. Figure
Icistheresult of the positive control group, showing a
reductioninfat dropletsand degeneration of liver tis-
suesin comparisonto the negative control group. And
figure1(C) exhibit moderately dilated biliary candiculi
with short microvilli. 1(D) isthee ectrom micrograph
of the Codiumfragileadministration group, andincom-
parison with theresult of the negative control group, a
substantia reduction of theaccumulation of fat droplets
inthe cytoplasm was shown. Therough endoplasmic
reticulum (R) iswell developed and degeneration of
liver tissuewas decreased to alevel smilar to that of
thenormal group.

In summary, ahigh concentration of total-choles-
terol and LDL-cholesterol actsasamagjor factor inthe
induction of artherosclerosisand cardiovascular dis-
eases, and thus, numerous studiesand effortshave been
madeto devel op drugsand functiona materias. Itis
anticipated that if drugsor functional materidswerede-
veloped from natural materid swith lesssideeffects, its
valuewould begreat. From such apoint of view, the
resultsof our study suggest that Codiumfragilecould
be tested as a candidate substance for natural thera-

peutic againgt hyperlipidemia
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