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ABSTRACT

The effect of feeding a cyclic oligosaccharide, ['-cyclodextrin('\CD) on plasma cholesterol and
triacylglyceride concentrations and on antithrombotic activity were investigated in rats fed a control chow
diet, or one either high in cholesterol or in saturated fat. The bleeding time of ['CD-fed groups was
significantly prolonged by 293%, 157% and 218% in normal, high cholesterol and high fat diet fed
groups, respectively, as compared to the control group(p<0.05). The whole blood clotting time was
significantly increased by 202%, 168% and 211% in normal, high cholesterol and high fat diet fed
groups as compared to control group, respectively(p<0.05). The [¥CD diet caused a marked decrease in
plasma total lipid (TL), triacylglyceride (TAG), total cholesterol (TC) and low density lipoprotein-
cholesterol (LDL-C) concentrations. The plasma TL concentration was significantly decreased by 70%,
82% and 87% in normal, high cholesterol and high fat diet fed groups as compared to the control
group, respectively(p<0.05). The plasma TAG concentration was significantly decreased by 89%, 43%
and 59% in normal, high cholesterol and high fat diet fed groups, respectively, as compared to the
control group(p<0.05). The plasma TC concentration was significantly decreased by 28%, 62% and 36%
in normal, high cholesterol and high fat diet fed groups, respectively, as compared to the control
group(p<0.05). The LDL-C concentration was significantly decreased by 39%, 54% and 25% in normal,
high cholesterol and high fat diet fed groups as compared to control group, respectively(p<0.05). The
plasma total bile acids contents of ['\CD group was significantly increased by 66%, 95% and 97% in
normal, high cholesterol and high fat diet fed groups as compared to control group, respectively(p<0.05).
The hepatic HMG-CoA reductase activity was significantly lowered by 41% in the [*CD-fed group
compared to normal diet fed rats(p<0.05). The fecal steroid excretions of the [{CD groups was
significantly increased by 167% in normal diet fed rats(p<0.05). These results suggest that the [\CD has
a biological active function on antithrombotic activity and is hypolipidemic, hypotriglyceridemic and
hypocholesterolimic agents. These are all effects that can help to prevent obesity and coronary heart
disease in humans.
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[. INTRODUCTION

It is widely known that frequent and exces-
sive intake of saturated fatty acids(SFA) and
cholesterol increases plasma TAG and cholesterol
concentrations, in particular LDL-C which is a
risk factor for the development of coronary heart
disease (Paul et al, 1979; Chen et al., 1989;
Mclennan et al, 1990; Reaven, 1993; Tkac,
1997).

There are some reports on decrease in plasma
cholesterol concentrations that occur upon feed-
ing of [CD to rats (Suzuki and Sato, 1985;
Oliver et al., 1991, 1991;
Hashimoto, 1991; Favier et al., 1995), hamsters
(Oakenfull et al., 1991) and pigs (Ferezou et al.,
1997; Juste et al., 1997; Catala et al., 2000). [i

CD is a cyclic oligosaccharide of seven glucose

Frijlink et al,

units all linked in a ring structure in a(1—4)
position (Abadie et al., 1994). [iCD forms an
inclusion complex with cholesterol and bile acids
in the gut (Riottot et al., 1993; Saenger, 1994;
Yen and Chen, 2000). Its use as a food additive
benefits from the [iCD is

nontoxic, palatable, non-hygroscopic, chemically

advantages that

stable, and easy to separate (Nagamoto, 1985).
Thus, it is widely used by the food industry as
an external absorbent in the removal of
cholesterol from lard (Yen and Chen, 2000),
dairy products (Riottot et al., 1993) and egg
yolk (Newsweek, 1992). [iCD is not absorbed
from the intestine, at
(Oakenfull et al, 1991). [ECD is

hydrolyzed in the human small intestine but it is

small least in rats

poorly

fermented by the colonic flora, to yield products
(e.g., fatty acids) that

nutritive value (Antenucci

are known to have
1984;

Flourie et al.,, 1993). Recently observations of

and Palmer,

the effects of [FCD-feeding on plasma lipid and

indicate  that [iCD
decreases plasma TAG and cholesterol concen-
in the rat (Suzuki and Sato, 1985;
Oliver et al.,, 1991; Frijlink et al., 1991; Favier
et al., 1995).

But the

cholesterol  metabolism

trations

hypolipidemic, hypocholesterolemic
and hypotriglyceridemic effect of [CD is not
well-established and it remains to be verified
whether this effect is observed when given to
rats maintained on high cholesterol or high fat
diets. There are also no reports on its antithrom-
botic activity.

Therefore, the present study has investigated
the effect of FCD on plasma TL, TAG and
cholesterol concentrations and the antithrombotic
activity in rats maintained on normal, high chole-

sterol and high saturated fat diets.

o. MATERIALS AND METHODS

1. Animals

Two groups of thirty male Wistar rats
weighing 140~150g were used. Experiment I
elucidate the effect of [CD
lipid

concentrations in rats maintained on a normal

was designed to
on antithrombotic activity and plasma

chow diet. Experiment II was designed to
investigate the effect of [CD on the anti-
thrombotic activity and decreasing plasma lipid
concentrations in the rats fed high cholesterol -
and high fat-diet. In each experiment, rats were
housed in individual cages and fed ad Ilibitum
for 30 days on pelleted semipurified diets. In
[, the basal control diet (Table 1)
contained the following (in grams per kilogram,
AIN, 1977): 500
starch, 150 ; m-cellulose, 50; fat (lard and corn

experiment

casein, 200; sucrose, corn

oil), 47.5 and 2.5 ; mineral and vitamins, 35 and
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Table 1. Formulation of the basal control
diet
Ingredients Percentage
casein 20.0
sucrose 50.0
corn starch 15.0
n-cellulose 5.0
fat 5.0
AIN'77 min. mix. 3.5
AIN'77 vit. mix. 1.0
DL-methionine 0.3
choline bitartrate 0.2
Total 100

10 ; DL-methionine, 3 ; choline bitartrate, 2. The
150 or
200g [CD/kg diet, as a replacement of sucrose

experimental diets contained 50, 100,

in the basal control diet, respectively. In experi-
mentIl, high cholesterol diets(Exp.Il) contained
10g cholesterol, 0, 50 or 100g [CD/kg basal
diet, as a replacement for sucrose in the basal
control diet, respectively. The high fat diets(Exp.
II) contained 100 fat(lard 97.5% and corn oil
2.5%), 0, 50 or 100g [CD/kg diet, instead of
sucrose in the basal control diet, respectively.
The animals housed in controlled environment
room(22~23C, lights on 07:00 to 19:00 hr).
Food intake and body weight were recorded on
every 10 days. Blood was collected under light
ethyl ether anaesthesia from the abdominal aorta
syringe 100pf  of EDTA
solution(0.01M). Plasma was obtained by
centrifugation at 3,000 rpm for 10 min at 4C.

in a containing

Plasma for lipid analysis was snap-frozen in
liquid nitrogen and stored at —20C until the
end of the study, when all samples were
analyzed. The livers, heart, spleen and kidney

were quickly removed, washed with cold saline

(9g NaCl/¢), blotted dry on filter paper, and
weighed.

2. Antithrombotic activities

The bleeding time was measured on all rats
at the end of the experimental period on the
29" day as described in Hornstra et al. (1981).
Rats were anaesthetised with sodium pento-
barbitone (40mg/kg BW, intraperitoneally). The
tail was transsected at 3mm from the tip and
the distal Sem of the tail was immersed
37.5C. The period

between transsection and the moment bleeding

vertically in saline at
stopped was taken as the bleeding time. The

whole-blood clotting time was measured as
described in Han et al. (1987). Briefly, one day
after the bleeding time measurement, ethyl ether-
anaesthetised rats were bled from the abdominal
aorta. Blood (0.9 volume) was collected in a
plastic tube containing 3.13% sodium citrate
solution (0.1 volume). One ml of citrated blood
and 20040 of 1.7% calcium chloride solution
was placed into glass tubes. The time until the
formation of the thrombus was measured while

agitating the tubes slowly.

3. Lipid analysis

TL concentrations in plasma was determined
by extraction with a mixture of chloroform/
methanol (2:1, vol/vol) as described in Frings
and Dunn (1970). TAG, TC, LDL-C, high
density lipoprotein-cholesterol(HDL-C) and bile
acid concentrations in plasma were measured by
enzymatic assays using commercially available

reagent kits(Sigma, USA).

4. Enzyme assays
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The total microsomal [i-hydroxy-[i-methyl-
glutaryl coenzyme(HMG-CoA) reductase activity
was measured by the method described in Quin
and Haslam (1979). Microsomes were prepared
as described in Qureshi et al. (1983).

In brief, liver homogenates were prepared in
potassium phosphate buffer (100mM, pH 7.4)
containing MgClh(4mM), EDTA(ImM) and
dithiotheritol(ImM). Homogenisation was per-
formed at 0~4°C using a polytron homogenizer.
The homogenate was centrifuged for 10min at

5000xg. The supernatant was passed through

cheesecloth and then centrifuged at 20000 x
g(10min) and 100000%g for 60 min. The
100000%g  supernatant(cytosol) and  pellet

(microsomes) was stored at —20C. HMG-CoA
reductase activity was determined spectrophoto-
metrically by the rate of decrease in absorbance
at 340nm caused by the oxidation of NADPH.
The reaction mixture contained, in 1ml,
dithiothreitol(SmM), potassium phosphate buffer
(pH 7.4, 100mM), NADPH [150iM (P-L Bio-
chemicals), prepared in sodium carbonate buffer
(100mM, pH  10.6)],
glutaryl coenzyme [150uM(sigma), prepared in
acetate buffer(200mM, pH 4.6)] and Triton X
100(0.5%, v/v). Microsomal protein was deter-

mined by the method of Lowry et al. (1951).

[i-hydroxy-[i-methyl-

5. Steroid analysis

At the end of the experimental period of 30
days, all fecal excretions during 3 days was
collected. Neutral and acidic steroids in feces
were measured by gas liquid chromatography as
described in Grundy et al. (1965) and Miettinen
et al. (1965).

6. Statistical analysis

The significance of differences between treat-
ment groups was determined by analysis of

variance with Duncan’s multiple-range test(SAS

Institute, Cary, NC1999). Results were con-
sidered significant at p<0.05.
IM. RESULTS

1. Growth performance and organ weight

There were no significant differences in food
intake among the different groups of animals
maintained on the control

cholesterol diet fed groups(p>0.05). But the high

chow and high

fat control diet fed groups had significantly
lower intake than those maintained on a high fat
[iICD diet(p<0.05). Daily food

animal were approximately 22g in normal and

intakes per

high cholesterol diet fed groups, and 16g and
20g in high fat control and high fat [iCD diet
fed groups, respectively. There were no signi-
ficant differences in body weight gains among
the different groups in normal, high cholesterol
and high fat diet
(p>0.05). Body weight gains per animal were
about 5.8g in control and 5% [CD diet fed
groups, 5.3 to 5.0g in 10% to 20% [CD diet
fed groups in normal diet fed groups, 5.0g in

fed groups, respectively

high cholesterol diet fed groups, and 4.3g in
high fat diet fed groups, respectively.

Organ weight were unaffected by inclusion of
[iICD in the diet of all groups.
When the values were expressed per 100g body

treatment

weight, relative liver, heart, spleen and kidney
weights were about 3.33g, 0.35g, 0.36g and

0.70g respectively.

2. Antithrombotic activities
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The effect of the [[CD-feeding on bleeding-
and whole blood clotting- times were investi-
gated in normal, high cholesterol and high fat
diets fed animals for 30 days. As is shown in
Table 2,
increased by 293%, 157% and 218% in normal,
high cholesterol and high fat diet fed groups

bleeding time was significantly

with [FCD, when compared to each control
groups, respectively  (p<0.05). blood

clotting time was also significantly increased by

whole

[iCD-feeding, by 202%, 168% and 211% in
normal, high cholesterol and high fat diet fed
groups, respectively(p<0.05).

3. Plasma lipid concentrations

The TL, TAG, TC, HDL-C, LDL-C and bile
acid concentrations in plasma of rats fed
experimental diets are given in Table 3. The TL

concentrations were significantly decreased by 17

Table 2. Bleeding time and whole blood clotting time in rats fed normal, high cholesterol
and high fat diets with [iCD for 30 days

Bleeding time

Whole blood clotting time

Rats (sec.) (sec.)
Normal diet fed"
control 69.93¢ 79.35°
5% [CD 78.39° 90.78°
10% ECD 158.70° 123.15°
15% [CD 205.35" 137.70%
20% [CD 170.40® 160.35"
SEM” 13.4763 7.7027
High cholesterol diet fed”
control 77.0° 85.75°
5% BECD 85.0" 115.00°
10% [CD 121.5° 144.00°
SEM 6.0321 7.8242
High fat diet fed”
control 57.25° 67.50°
5% [CD 118.50° 12325
10% ECD 124.75° 142.25°
SEM 9.7396 9.8002

Y Normal diets contained 5% fat.

? High cholesterol diet contained 5% fat and 1% cholesterol.

® High fat diets contained 10% fat.

4
) Standard error of means.
ab,c

Values within the same columns with different superscript are significantly different (p<0.05).
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Table 3. Plasma TL, TAG, TC, HDL-C, LDL-C, and Bile acids in rats fed normal, high

cholesterol and high fat diets with ECD for 30 days”

Rats TL TAG TC HDL-C  LDL-C  Bile acid
................................. M/l e
Normal diet fed
control 311.52° 19226 91.62°  47.07° 10.88"  12.34°
5% [CD 259.72° 63.97° 7493 51.73° 8.03" 13.82°
10% ECD 131.35° 31.60°  69.95  49.98" 7.46™  14.94°
15% [CD 129.32° 31.22° 6727 51.60° 776" 20.49°
20% FECD 92.42° 2123 6591° 47.93" 6.67° 1714
SEM” 160112 11.8692  2.0914  0.4621 0.3037  0.5546
High cholesterol diet fed
control 404.63" 121.31° 18874  42.73° 4321* 3185
5% BECD 260.80° 77.66°  92.02°  54.07° 26.82°  62.04"
10% BCD 73.05¢ 69.74°  72.68° 42.46° 19.86°  32.03"
SEM 41.2514 59614  12.6323  1.6348 27484  4.0228
High fat diet fed
control 475 85" 118.02°  100.01°  48.30° 9.49° 2152
5% [CD 215.25° 88.64°  7475°  49.07° 832" 21.63°
10% BCD 63.22° 4796°  64.00° 4653 711° 4226
SEM 160112 11.8692  2.0914  0.4621 0.3037  0.5546

" TL, total lpid; TAG, triacylglycerides; TC, total cholesterol; HDL-C, high density lipoprotein cholesterol;

LDL-C, low density lipoprotein cholesterol. * Standard error of means.

ab,c,d

~70% in normal diet fed groups, 36~82% in
high cholesterol diet fed groups and 55~87% in
high fat diet fed groups, when compared to
each control groups, respectively(p<0.05). The
TAG concentrations were significantly decreased
by 67~89%, 36~43% and 25~59% in normal,
high cholesterol and high fat diet fed groups,
when compared to the respective control groups

(p<0.05). The TC concentration was also signi-

Values within the same columns with different superscript are significantly different (p< 0.05).

ficantly decreased by 18~28%, 51~62% and
26~36% in normal, high cholesterol and high
fat diet fed groups, respectively(p<0.05). The
HDL-C
increased by 26% in high cholesterol diet feed

concentrations ~ were  significantly

groups additionally maintained on 5% [iCD,
although the effect was not observed on 10%
[FCD(p<0.05).

There were significant differences in HDL-C
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high fat- diet fed
groups(p<0.05). The LDL-C concentrations were
significantly decreased by 27~39%, 38~54%

and 12~25% in normal, high cholesterol and

concentrations among the

high fat diet groups, when compared to each
control groups, respectively (p<0.05). The bile
acids were increased by 12~66%, 95% and
97% in normal diet fed rats, and also in high
cholesterol diet fed group with 5% [iCD, and
in high fat diet fed group with 10% [CD,
when their control

compared to respective

groups(p<0.05).

4. Enzyme activities

The hepatic microsomal HMG-CoA reductase
in Table 4. HMG-CoA
reductase activities in normal diet fed rats were
significantly lowered by 22~41% with 5% and
10% [CD, group
(p<0.05).

activities are shown

compared to the control

5. Fecal steroid excretion

Table 5 shows fecal excretion rates of neutral
and acidic steroids by rats fed normal diets with
[iCD, at the end of the experimental period.
These have shown that the effect of [iCD on
fecal steroid excretions was greatest under this
experimental regime. The daily excretion rates of
total steroids were significantly increased by 46
~167% in normal diet with 5~20% [ECD
groups, when compared to the control group
(p<0.05).

IV. DISUSSION

[iCD-feeding had a
effect. Bleeding time and wholeblood clotting

large  antithrombotic

times were prolonged with dietary [FCD
supplementation when compared to the control
group(Table 2). The bleeding time is thought to
be a measure of the combined reaction of
platelets and the blood-vessel wall. The pro-
longation of bleeding time results form the
inhibition of platelets aggregation (Han et al.,
1987). The show that [CD-

supplementation has strong antithrombotic acti-

present data

vity, possibly due to the hypocholesterolemic
effects shown in Table 3 (McDonald et al,
1989). Several studies have shown that bleeding
time is prolonged by a fish oil (Thorngren and
Gustafson, 1981; Sanders and Roshanai, 1983),
1989) and
aspirin or aspirin-like drugs (Moncada and Vane,
1979).

From the results

canola oil diet (McDonald et al.,

of plasma lipid concen-
trations(Table 2), it is suggested that the lower
TL, TAG, TC and LDL-C of group fed the [
CD diets was due primarily to the lowering of
HMG-CoA

increased fecal

reductase activity (Table 4) and
(Table 5).
in plasma TC and TAG

have been observed

steroid excretions
Similar responses
concentrations in  male
genetically hypercholesterolemic rico rats main-
tained on 10% fat plus 0.5% cholesterol diets
(Oakenfull et al.,, 1991). However, there are no
reports that relate to the findings in this study.
A dose-related decrease in activity was obser-
ved with the rate-limiting enzymes for the
synthesis(HMG-CoA

over the range of [CD concentrations

reductase) of cholesterol
used
(Table 4). The reduction rates of the enzyme
activity ranged from 22% to 41%, respectively,
when compared to the control group. This
observation may reflect only an in vivo response
to the lowering of the substrate pool in liver

effected by the inhibition of the biosynthetic
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Table 4. HMG-CoA reductase activities in
rats fed normal diets with [FCD

for 30 days
Rats HMG-C(?A. .re(li)uctase
activities
Normal diet fed
control 314.38°
5% [CD 247.27°
10% [FCD 189.07°
15% [ECD 195.27°
20% [FECD 184.74°
SEM” 12.3904

D Specific activities of HMG-CoA are expressed as
pmol NADPH onidized min ' - mg ' microsomal
protein.

? Standard error of means.

*P¢ Values within the same columns with different

superscript are significantly different (p<0.05).

activities (Qureshi et al., 1983). These effects
were accompanied by significant decreases in
plasma cholesterol concentrations (18% to 28%),
when compared to the control in normal diet-
fed rats(Table 3). More importantly, there was a
strong suppressive effect of [CD feeding on
plasma LDL-C concentration. The relationship
between hepatic HMG-CoA reductase activity
and plasma LDL-C concentration has recently
been demonstrated (Balasubramaniam et al.,
1977; Qureshi et al., 1983).

These data indicated that the decrease in TC
and LDL-C concentrations in response to [iCD
intake could be caused by changes of some
parameters in cholesterol metabolism including
fecal excretions of neutral and acidic steroids
(Fukushima et al., 1996). There were significant
steroid  excretions

differences in the fecal

between the control and [FCD-fed groups(Table
5). These show that the effect of
decreasing plasma TC and LDL-C concentrations
of [iCD tended to be high due to increased

results

fecal excretions of neutral and acidic steroids
(Myant and Eder, 1961; Hostmark et al., 1989).
The entero-hepatic circulation of bile acids is of
great importance, not only for the feedback
regulation of their own synthesis, but also for
the overall metabolism of cholesterol in the
liver. Interruption of the hepatic circulation of

bile acids will therefore influence the hepatic

metabolism of cholesterol in several ways
(Einarsson et al, 1991). Some investigations
demonstrated that treatment with bile acid-

binding resins, which bind bile acids in the
intestine and prevent their reabsorption, increase
fecal bile acid excretions (Grundy et al., 1971;
Einarsson et al., 1991).

In this study, the lowered plasma concen-
of LDL-C suggest that [iCD-feeding

causes increased metabolism of cholesterol to

trations

bile acids, as reflected in the increased excretion
of fecal steroid(Table 4 and Table 5). As shown
in Table 4. The plasma concentration of total
bile acids was significantly increased in [FCD
groups when compared to the control group
(chow-diet fed rats).

In conclusion, an important set of findings of
studly was that [CD feeding
87%
fed group),

the present
resulted in combined hypolipidemic
reduction in high fat diet
(89%
normal diet fed group) and hypocholesterolemic
effects(62% and 54%

cholesterol diet fed group,

hypotriacylglyceridemic reduction  in
reduction in  high
TC and LDL-C,
respectively) of a [CD-fed groups compared
with a controls.

to have an anti-

Moreover, [iCD appears
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Table 5. Fecal steroid excretions in rats fed normal diets with [CD for 30 days

Rats Steroids"
TS NS TC cs AS TBA LCA CA
.......................................... mg/day/head <+ esesersrer et
Normal diet fed
control 2298° 1825  8.26" 9.98" 473°  3.82° 0.24° 0.67°
5% ECD 3347 2668 1152 1516 679" 448" 0.93" 137%
10% ECD 43.69°  3291°  16.08° 1682 1077  7.43" 1.80° 1.54°
15% ECD 53.92° 4276 2067  22.09°  11.16°  7.62° 1.93" 1.60°
20% BCD 61.13°  50.18"  26.64 2354 1094  7.90° 1.91° 1.12®
SEM? 32800 27305 1.6205 13245  0.7689 0.6016  0.1623  0.1295

b TS, total steroids (neutral steroid + acidic steroids); NS, neutral steroid; TC, total cholesterol; CS, coprostanol;
AS, acidic steroids; TBA, total bile acids; LCA, lithocholic acids; CA, cholic acid.

2
) Standard error of means.
ab,c,d

thrombotic activity, extrapolating to the situation
in vivo, it can be of help to prevent coronary
heart disease associated with disorders of lipid

metabolism in humans.

V. 2 ok

)
of

AUALR, TFY<HBAR EE X
o] H& ALRE AFT FHA &
|7 AFYAT 9 FH|2EHE Tl ¥
[-cyclodextrin(iCD)2] Jad}E
. E3AIEe deils, aFYEsHE 2
AWalm AFHT B5old GCD H77E o
Ay 293%, 157% 2 218% 77}

3}
el

2

e} r_>¢
-

3]

hul

e

[

Box2

7He Adkalg, ﬁigﬂz\gﬂi r?g J_x]uw\}em
FrelA BCD H7F7E tiERTRek Blalddu
27F 202%, 168% 2 211%7H4] ooz =
Pthp<0.05). FCD FH7MAlEE F oy
TAA, T4, FEUsEHE 2 ABEAE
i FE2EHE S A HEe 9

Values within the same columns with different superscript are significantly different (p<0.05).

Qo] HArk A FAA FFS UL,
IFHAEE L AR AFHTA BCD
A7F7F gzl viei 22 70%, 82%
87%7HA oA og ol th(p<0.05). E ]
%/é;(]ﬁ]—%ﬂ]—%]:% ohﬂ]./\]_g_ ——yigﬂ/\gﬂi tﬂ I
AALE A F T4 GCD H7FF hETeb
Hlwe w) zHzb 89%, 43% 2 59%7HA 214
QA FAE UrE‘r N THp<0.05).
oy FF~HE g2

g HE ‘;‘ IAPGAE AlFH T4 BCD A
ZF7E izl vl ZhzE 28%, 62% 2
36%71H4 FrH oz vrolA thp<0.05).
ARE Adehid ZyadE g5 duka}
5, 1FY2HE 2 2APAEAHTANA B
CD H7FH7F Wizl visiA ZH2) 39%, 54%
2 25%7HA] A1 RS YERITHp<0.05).
oy FEFAE g duals, aFe 2
£ 4 AFtelA BCD A 7HE7F
izl HlsiA 2+ 66%, 95% 2 97% 7HA]
FAA 7 BATHp<0.05). IWHALE A
F oA BFCD A7 HMG-CoA reductase

o olut A]-JJ_ =

&
A
H

A R



Park ; Biological Effects of [I-Cyclodextrin in Rats

AEE gzt v % ) 41%714] o4
2 dolxlon BS =3 Ay Rol=o ujd
2 167%7H4 #-9 “’J S7He dERltHp<
0.05).

ol A3k BCD7E Aherel AFHwAL
HhS el R
ZHX]% el

ol |o nﬁ

)4,

VI. ACKNOWLEDGEMENTS

This work was supported by Korea Research
Foundation Grant. (KRF-2001-002-G00066).

VI. CITED LITERATURE

1. Abadie, C., Hug, M., Kubli,
1994. Effect
starch on the loss of chenodeoxycholate in the
faeces. Biochem. J. 299:725-730.

2. American Institute Nutrition. 1977. Report of the

C. and Gains, N.

of cyclodextrins and undigested

American Institute of Nutrition. Ad committee on

standards for nutritional studies. J. Nutr. 107:
1349-1348.

3. Antenucci, R. N. and Palmer, J. K. 1984. Enzy-
matic degradation of i-and [i-cyclodextrin by
bacteroides of the human colon. J. Agric. Food
Chem. 32:1361-1321.

4. Balasubramaniam, S., Goldstein, J. L., Faust, J.
R., Brunschede, G. Y. and Brown, M. S. 1977.
Lipoprotein-mediated regulation of 3-hydroxy-3-
methylglutaryl coenzyme A reductase activity and
cholesterol ester metabolism in the adrenal gland

of the rat. J. Biol. Chem. 252:1771-1782.

5. Catala, 1., Juste, C., Boehler, N., Ferezou, J.,
Andre, M., Riottot, M., Cutton, C., Lafront, H.,
Bornet, F. and Corring, T. 2000. cholesterol

crystallization in gall-bladder bile of pigs given
cholesterol-{-cyclodextrin-enriched diets with either
casein or soybean concentrate as protein sources.
Brit. J. Nutr. 83:411-420.

6.

10.

11.

12.

13.

14.

15.

. Favier, M.

. Ferezou, .,

Chen, I. S., Subrananiam, S., Vahoumy, G. V.,
Cassidy, M. M., lkeda, 1. and Kritchersky, D.
1989. A comparison of the digestion and

absorption of cocoa butter and palm kernel oil
and their effects of cholesterol absorption in rats.
J. Nutr. 119:1569-1573.

. Einarsson, K., Ericsson, S., Ewerth, S., Reihner,

E., Rudling, M., Stahlberg, D. and Angelin, B.
1991. Bile acid sequestrants : mechanisms of action
on bile acid and cholesterol metabolism. Eur. J.
Clin. Pharmacol. 40[suppl 1]:553-558.

-L., Remesy, C., Moundras, C. and
Demigne, C. 1995. Effect of cyclodextrin on
plasma lipids and cholesterol metabolism in the
rat. Metabolism. 44:200-206.

Riottot, M., Serougne, C., Cohen-
Solal, C., Catala, C., Parquet, M.,
Juste, C., Lafont, H., Mathe, D., Corring, T. and
Lutton, C.

L., Aliguier,

1997. Hypocholesterolemic action of [i-

cyclodextrin and its effects on cholesterol
metabolism in pigs fed a cholesterol-enriched diet.
J. Lipid Res. 38 : 86-600.

Flourie, B., Molis, C. A., Chour, L., Dupas, H.,
Hatat, C. and Rambaud, J. L. 1993. Fate of [i-
cyclodextrin in the human intestine. J. Nutr. 123:
676-680.
Frings, C. S. R. T. 1970. A

colorimetric method for determination of total

and Dunn,

serum lipids based on the sulfo-phospho-vanillin
reaction. Am. J. Clin. Path. 50:89-91.

Frijlink, H. W., Eissens, A. C., Hefting, N. R.,
Poelstra, K., Lerk, C. F. and Meijer, D. K. F.
1991. The effect
cyclodextrin on cholesterol
Pharm. Res. 8:9-16.
Fukushima, M., Akiba, S. and Nakano, M. 1996.
effect
Lipids. 31:

of parenterally administered

levels in the rat.

Comparative hypocholesterolemic of six
vegetable oils in cholesterol-fed rat.
415-419.

Grundy, S. M., Ahrens, E. H. Jr. and Miettinen,
T. A
chromatographic analysis of total fecal bile acid.
J. Lipid Res. 6:397-410.

Grundy, S. M., Ahrens, E. H. Jr. and Salen, G.

1965. Quantitative isolation and gas-liquid



18.

19.

20.

21.

22.

23.

. Hashimoto, H.

Park ; Biological Effects of [I-Cyclodextrin in Rats

1971. Interruption of the enterohepatic circulation

of bile acids in man; Comparative effects of
cholesterylamine and ileal exclusion on cholesterol

metabolism. J. Lab. Clin. Med. 78:94-121.

. Han, Y. N., Baik, S. K., Kim, T. H. and Han, B.

H. 1987. Antithrombotic activiies
from ilex pubescens. Arch. Pharm. Res. 10:115-
120.

of saponins

1991. Preparation, structure, Pro-
perty and application of branched cyclodextrins.
In: New trends in cyclodextrins and derivatives
(Duchéne, D) PP. 97-156. Editions
Paris. France.

Hornstra, G., Christ-Hazelhof, E., Haddenman, E.,
Hoor, F. and Nugteren, D. H. 1981. Fish oil

and prostacylin

de Santé

feeding lowers thromboxane
production by rat platelets and aorta and does not
the formation of prostaglandin Is.
Prostaglandins. 21:727-739.

Hostmark, A. T., Lystad, E., Haung, A.

Eilertsen, E. 1989. Plasma lipids, lipoproteins, and

result in

and

fecal excretion of neutial sterols and bile acids in
rats fed various and high diets or a low fat/high
sucrose diet. J. Nutr. 119:356-363.

C., Catala, I., Riottot, M., Andre, M.,
Parquet, M., Lyan, B., Bequet, F., Ferezou-Viala,

Juste,

J., Serougne, C., Domingo, N., Lutton, C., Lafont,
H. and Corring, T. 1997. Inducing cholesterol
precipitation from pig bile with [i-cyclodextrin
and cholesterol dietary supplementation. J. Hepa-
tology. 26:711-721.

Lowry, O. H., Rosebrough, N. J., Farr, A. L. and
Rorndall, R. J. 1951.
the folin phenal reagent. J. Biol. Chem. 193:265-
275.

McDonald, B. E., Gerrard, J. M., Bruce, V. M.
and Corner, E. J. 1989. Comparison of the effect

Protein measurement with

of canola oil and sunflower oil on plasma lipids
and lipoproteins and on in vivo thromboxane A,
and prostacyclin production in healthy young men.
Am. J. Clin. Nutr. 50:1382-1388.

Mclennan, P. L., Abeywardena,
Charnock, J. S. 1990. Rerersal

thmogenic effects of long-term saturated fatty acid

M. Y. and
of the arrhy-

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

intake by dietary n-3 and n-6 polyunsaturated
fattyacids. Am. J. Clin. Nutr. 51:53-58.

Miettinen, T. T., Ahrens, E. H. and Grundy, S.
M. 1965. Quantitative isolation and gas liquid
chromatographic analysis of total dietary and fecal
neutral steroids. J. Lipid Res. 6:411-424.

Moncada, S. and Vane, J. R. 1979. Arachidonic
the
platelets and blood-vessel walls. New Engl. J.
Med. 300:1142-1147.

Myant, N. B. and Eder, H. A. 1961. The effect
of bilary brainge upon the synthesis of cholesterol
in the liver. J. Lipid Res. 2:363-368.

Nagamoto, S.

acid metabolites and interactions between

1985. Cyclodextrins-expanding the
development of their functions and applications.
Chem. Economy Eng. Rev. 17 : 28-34.
Newsweek. 1992. Betting on a guilt-free egg.
Newsweek. April : 6.

Oakenfull, D. G., Pearce, R. J. and Sidhu, G. S.
1991. dairy products. Am. J.
Dairy Tech. November : 110-112.

Olivier, P., Verwaerde, F. and Hedges, A. R.
1991. Subchronic toxicity of orally administered
beta-cyclodextrin in rats. J. Am. Coll. Toxicol. 10:
407-418.

Paul, P., Remesha, C. S. and Ganguly, J. 1979.

On the mechanism of hypo- cholestelolenic effects

Low-cholesterol

of polyunsaturated lipids. Adv. Lipid Res. 17:
155-171.

Quin, D. E. and Haslam, J. M. 1979. The effects
of catabolite depression on the accumulation of
the [%-hydro-

reductase activity in

steryl esters and activity  of

xymethylutaryl-CoA sacc-
haromyces cerevisiae. J. Gen. Microbiology. 111:
343-351.

Qureshi, A. A., Abuirmeileh, N., Burger, W. C.,

Din, Z. Z. and Elson, C. E. 1983. Effect of

AMO 1681 on cholesterol and fatty acid
metabolism in chicken and rats. Atherosclerosis.
46:202-216.

Qureshi, A. A., Abuirmeileh, N., Din, Z. Z.,

Ahmad, Y., Burger, W. C. and Elson, C. E.
1983. Suppression of cholesterol systhesis and

reduction of LDL cholesterol by dietary ginseng



3s.

36.

37.

38.

39.

Park ; Biological Effects of [I-Cyclodextrin in Rats

and its fractions in chichen liver. Atherosclerosis.
48:81-94.

Reaven, G. M. 1993. Role of insuline resistance
in human disease (syndrome); an expanded defi-
nition. Annu. Rev. Med. 44:121-131.

Riottot, M., Olivier, P., Helet, A., Caboche, J-J.,
Parquet, M., Khallou, J. and Lutton, C. 1993.
Hypolipidemic effects of [-cyclodextrin in the

hamster and in the genetically hyperchole-
sterolemic rico rat. Lipids. 28:181-188.

Sanders, T. A. B. and Roshanai, F. 1983. The
influence of different types of w3 polyunsaturated
fatty acids on blood lipids and platelet in healthy

volunteers. Clin. Sci. 64:91-99.

Saenger, W. 1994. Structural aspects of cyclod-
extrins and their inclusion complexex. Incl.
Compounds. 2:231-233.

Suzuki, M. and Sato, A. 1985. Nutritional

40.

41.

42.

significance of cyclodextrins: Indigestibility and
hypolipidemic effects of a-cyclodextrin, J. Nutr.
Sci. Vitaminol. 31 : 209-223.

Thorngren, M. and Gustafson, A. 1981. Effects of
11-week increase in dietary eicosapentacnoic acid
on bleeding time, lipids and platelet aggregation.
Lancet. IT : 1190-1193.

Tkac, 1. 1997. The severity of coronary athero-
sclerosis in type, 2 diabetes mellitus is related to
the number of circulating triacylglyceide-rich
lipoprotein particles. Arteriosclen. Thromb. Vasc.
Biol. 17:3633-3638.

Yen, G. -L. and Chen, C. -J. 2000. Effects of
fractionation and the refining process of lard on
cholesterol J. Food

Sci. 65:622-624.

remoral by [i-cyclodextrin.

(B9} : 2002, 12. 6 / AL} ;2003 4. 4)



