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ABSTRACT KEYWORDS
The present study investigated the effects of cholestyramine and phy- Cholestyramine;
tosterol on cholesterol metabolismin the starvation-refeeding rats. Twenty Phytosterol;
female Donryu rats (age 5 weeks) werefed acholesterol-free diet for 14 days Cholesteral;
and then divided into four groups, acontrol (Con), high-cholesterol (Chol), Starvation-refeeding;
Chol-cholestyramine (Chol-Cm), and Cm (Experiment 1) or Chol-phytosterol Ret.

(Chol-PS) (Experiment 2) diet group. All groupswerefasted for 2 daysfol-
lowed by 3 days feeding. Food intake, final body weight and liver weight
were not different among the four groups. The plasmatotal cholesteral, free
cholesterol, cholesteryl ester, and non HDL -chol esterol concentrationswere
significantly higher and plasmaHDL -cholesterol concentration was signifi-
cantly lower in the Chol group than in the other groups. Dietary
cholestyramine inhibited the change in the plasma cholesterol concentra-
tionsinduced by ahigh-cholesterol diet (Experiment 1). However, no effect
on the plasma cholesterol concentrations by dietary phytosterol was found
(Experiment 2). Dietary cholestyramine and phytosterol significantly inhib-
ited liver cholesterol accumulation but the inhibitory effect of phytosterol
was lower than that of cholestyramine. These results suggest that the di-
etary cholestyramine and phytoseterol affected cholesterol metabolism in
rats fed a high-cholesterol diet under starvation-refeeding status.

© 2011 Trade Sciencelnc. - INDIA

INTRODUCTION drogenases of the cytosol™® and organelles™ °1. How-

ever, itiswell established that starvation followed by

Starvation has been recognized to reducetheac-  refeeding (starvation-refeeding) causesanincreasein
tivities of hepatic enzymesinanimag*™. Someof the ratliver lipogenic enzymeactivity incomparisontothe
largest decreasesin activity occur withthenicotinamide  levelsobtained withthesamediet fed ad libitum. Szepes
adeninedinucleotide phosphate (NADP)-linked dehy-  and Berdanier'® reported that the responseto a2-day
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period of starvation followed by a 2-day period of
refeeding typicaly includeanincreaseinliver lipid con-
tent and anincrease or overshoot intheactivitiesof the
hepati c enzymes concernedwith lipogenesis. Moreover,
Wurdeman et d.[® and Berdanier and Shubeck*® dem-
ongrated that glucocorticoid and insulinareinvolvedin
the genesis of the enzyme overshoot responseto star-
vation-refeeding, perhapsthrough an effect on denovo
RNA synthesis. Cholesteral, one of the physiologicaly
ggnificant lipidsaongwithtriacylglycerol (TG) or feity
acids, ispresentintissuesand plasmalipoprotein either
asfreecholesterol, or in combination with long-chain
fatty acids ascholesterol ester™, It issynthesizedin
many tissuesfrom acetyl-CoA andisultimately elimi-
nated from the body in the bile as chol esterol or bile
salts. Cholesterol isthe precursor of al other steroids
inthebody such asglucocorticoid and sex hormones*™.
We previoudy confirmed that chol esterol synthesisin
theliver was accelerated under theactivated condition
of hepaticlipogenesisbecausetheenzymesrelated to
cholesterol synthesisoccur with the NADP-linked de-
hydrogenases*@.

Cholestyramine, aresinwhich strongly bindshbile
acids, isused asahypolipidemicdrug. Itisconsidered
to lower serum cholesterol levels by inhibiting the
enterohepatic circulation of bileacids*¥. Phytosterols
are cholesterol-like compoundsthat occur naturally in
plant foods and reduce cholesterol absorption™. In
the present study, we investigated the effect of
cholestyramine and phytosterol on cholesterol metabo-
lisminthegarvation-refeedingrats.

MATERIALSAND METHODS

All proceduresinvolving theratswere approved
by the Experimental Anima Care Committeeof Kagawa
Universty.

Experiment 1
Animals, diets, and experimental design

Twenty female Donryu rats (age 5 weeks) were
purchased from Japan SLC, Inc. (Shizuoka, Japan).
All ratswerehoused individudly a 22+ 1 °C with light
from 08:00 to 20:00 h and free accessto water. The
raswerefed CE-2, acommercial rodent diet (CLEA,
Tokyo, Japan) ad libitum until 6 weeks of age. The
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ratswerefed synthetic high-fat diets(TABLE 1). This
diet also contained per kilogram: retinyl palmitate,
60,0001U; ergocdciferol, 6001 U; a-tocopheryl acetate,
1 gram. Thevitaminand mineral mixtures™ werepur-
chased from Oriental Yeast Co., Ltd. (Tokyo, Japan).
After al14 day feeding period, therats were divided
into four groups, a control (Con), high-cholesterol
(Chal), cholestyramine (Cm), and high-cholesterol and
cholestyramine (Chol-Cm) diet groups. All groupswere
fasted for 2 daysfollowed by 3 daysrefeeding. After
the starvation-refeeding period, theratswerekilled by
heart puncturing under anesthesia. Blood was collected
to obtain plasma, and the liver was quickly removed,
weighed, and stored at -40°C.
Analysis

The plasmatotal cholesterol, free cholesterol,
HDL cholesterol and TG concentrations were de-
termined using kits (Cholesterol E-Test, Free Cho-
lesterol E-Test, HDL-Cholesterol E-Test and Trig-
lyceride E-Test, Wako Pure Chemical Industries,
Osaka, Japan). Thelasmachol esteryl ester concen-
tration was cal culated from the plasmatotal choles-
terol and free cholesterol concentrations. Total liver
lipid and plasmalipid were extracted by the method
of Folch et a.*®, Theliver total cholesteral, free cho-
lesterol and cholesteryl ester contents were deter-
mined by the method previously!™*” 8, Plasma
cholesteryl ester wasdivided using athin-layer chro-
matography technique™. The fatty acid composi-
tion of plasmacholesteryl ester was determined us-
ing gas chromatography. The TG extract liquid was
vaporized by nitrogen gas and then transmethylated
using methanol-sulfuric acid (230:2, v/v). Thefatty
acid methyl esters were extracted with hexane and
separated in a gas chromatograph (Model G-163,
Hitachi Co., Tokyo, Japan) equipped witha3 mm x
2 mglass column which filled up packing material
(EGSS-Y, ShinwaChemical Industries, Ltd., Tokyo,
Japan). Thecolumntemperaturewas set at 187°C. The
carrier gaswas helium at aflow rate of 40 ml-min.,
Methyl estersof individual fatty acidswereidenti-
fied inthe chromatograms by comparing their reten-
tion timesto those of pure methyl esters, and were
quantified by comparing the areas under their peaks.
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TABLE 1: Composition of experimental diets

Experiment 1

Experiment 2

Groups Con Chal Cm Chal-Cm Con Chol Chol-Cm Chol-PS
Ingredients o/kg diet

Casain 250.0 2500 250.0 250.0 250.0 250.0 250.0 250.0
o-Starch 440.0 4275 420.0 407.5 440.0 4275 407.5 417.5
Beef tallow 200.0 200.0 200.0 200.0 200.0  200.0 200.0 200.0
Mineral ixture* 50.0 50.0 50.0 50.0 50.0 50.0 50.0 50.0
Vitamin ixture* 8.5 8.5 8.5 8.5 85 8.5 8.5 8.5
Cdlulose 50.0 50.0 50.0 50.0 50.0 50.0 50.0 50.0
Choline chloride 15 15 15 15 15 15 15 15
Cholesteral 10.0 10.0 - 10.0 10.0 10.0
Gall powder 25 - 25 - 2.5 25 25
Cholestyramine 20.0 20.0 - - 20.0

Stigmasterol - - - 10.0

These diets contained per kilogram: retinyl palmitate, 60,0001U; ergocalciferol, 600l1U; a-tocopheryl acetate, 1 gram. Con,
Control; Chol, Cholesterol; Cm, Cholestyramine; PS, Phytosterol. *Harper’s mixture.

Experiment 2
Animals, diets, and experimental design

Twenty female Donryu rats (age 5 weeks) were
purchased from Japan SLC, Inc. (Shizuoka, Japan).
All ratswerehoused individudly a 22+ 1 °C with light
from 08:00 to 20:00 h and free accessto water. The
raswerefed CE-2, acommercial rodent diet (CLEA,
Tokyo, Japan) ad libitum until 6 weeksof age. Therats
werefed synthetichighfat diets(TABLE 1). Thisdiet
aso contained per kilogram: retinyl padmitate, 60,0001U;
ergocalciferol, 6001U; a-tocopheryl acetate, 1 gram.
Thevitaminand minerd mixtures® werepurchasedfrom
Oriental Yeast Co., Ltd. (Tokyo, Japan). After a14
day of feeding period, theratsweredivided into four
groups, acontrol (Con), high-cholesterol (Chal), high-
cholesterol and cholestyramine (Chol-Cm), high-cho-
lesterol and phytosterol (Chol-PS) diet diets. All groups
werethen fasted for 2 daysfollowed by 3 daysfeed-
ing. After the starvation-refeeding period, theratswere
killed by heart puncturing under anesthesa. Blood was
collected to obtain plasma, and liver wasquickly re-
moved, weighed, and stored at -40°C.

Analysis

The plasmasubstrates, liver lipidsand fatty acid
composition of plasmachol esteryl ester were assayed
asin Experiment 1.

Satistical analysis

Thevauesare expressed asmeans+ standard de-
viation (SD). Datawereeva uated by one-way ANOVA
and Turkey’s test was used to determine specific mean
differences. A pvaueof <0.05wasconsdered statis-
ticaly significant. All anadyseswereperformedwitha
commercidly available satistica package (Excd Sta
tistics, SSRI Co., Ltd., Tokyo, Japan).

RESULTSAND DISCUSSION

Experiment 1
Food intake, body weight and liver weights

Food intake, find body weight andliver weight were
not different among thefour groups(mean va ues: food
intake, 17 g; final body weight 204 g; liver weight, 109
[dl dietary groups].

Plasma substratesand liver lipids

TABLE 2 showsthe concentrations of plasmacho-
lesterol and TG andthe content of liver lipids. Theplasma
total cholesterol, freecholesteral, cholesteryl ester, non
HDL-cholesterol concentrations, and total cholesterol/
TGratioweresgnificantly higher andtheplasmaHDL-
cholesterol concentration wassignificantly lower inthe
Chol group thaninthe Con, Cm, and Chol-Cm groups.
Dietary cholestyramineinhibited the changesin the
plasmacholesterol concentrationsinduced by ahigh-
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TABLE 2: Effect of dietary cholesterol and cholestyramine on plasmaand liver componentsin ratsunder starvation
refeeding status (Experiment 1).

BCAIJ, 5(5) 2011

Plasma Total Chol Free Chol Chol ester HDL-Chol Non HDL-Chol TG Total Chol/TG
Groups mg/100ml mg/100ml mg/100ml mg/100ml mg/100ml mg/100ml

Con 828+6.6° 21.3+39° 61.6+9.1" 559+7.8% 229+62°  127.1+326 0.69+021°
Chol 226.1+55.0° 386+10.3% 187.4+449% 17.8+6.4° 2084+ 60.6° 102.1+22.6 242+ 1.28
Cm 80.5+10.4° 19.0+3.6° 615+8.0° 367+5.1° 439+£59°  139.1+364 0.60+0.14°
Chol-Cm 933+12.7° 206+22° 726+106° 41.2+72° 521+7.0° 139.8+27.6 0.69+0.18°
Liver Total Chol Free Chol Chol ester TG

Groups mg/gtissue mg/gtissue mg/gtissue mg/gtissue

Con 70+14°  54+1.0*° 19+04° 214+57°

Chol 215+09° 14+03° 201+09* 335+4.7°

Cm 47+02° 24+03° 23+03" 109+1.5°

Chol-Cm 82+14° 12+06°  73+0.8° 17.9+44°

Values are means £ SD for 5 rats. Means with different superscripts within a column are significantly different at p<0.05.

Con, Control; Chol, Cholesterol; Cm, Cholestyramine; TG, triacylglycerol.

TABLE 3: Effect of dietary fatsand cholestyramineon plasmaand liver componentsin ratsunder starvation-refeeding satus
(Experiment 2).

Plasma Total Chol  FreeChol Chol ester HDL-Chol Non HDL-Chal TG Total Chol/TG
Groups mg/100mi mg/100m| mg/100ml mg/100m| mg/100mi mg/100m|

Con 955+ 29.8 18.7+2.6 76.8+29.6 47.1+184% 48.4+12.8° 1485+ 60.4 0.67+0.2
Chol 2231+ 1364 381+20.7 1850+116.0 204+4.6° 202.7+140.2% 939+32.1 256+1.9
Chol-Cm 108.7+322 21.7+45 87.0+286 33.7+50® 750+314® 1381+447  0.89+04
Chol-PS 2295+ 1053 36.9+12.7 1926+92.8 19.3+4.8° 210.2+109.2% 129.3+53.2 209+1.1
Liver Total Chol  FreeChol Chol ester TG

Groups mg/gtissue mg/gtissue mg/gtissue mg/gtissue

Con 49+0.6 39+0.7 09+03% 151103

Chol 224+ 3.6% 41+2.7 18.3+3.3% 315+182

Chol-Cm  86+1.9° 45+ 1.1 42+0.9° 144+59

Chol-PS  132+19° 31+14  102+26° 159+59

Values are means £ SD for 5 rats. Means with different superscripts within a column are significantly different at p<0.05.
Con, Control; Chol, Cholesterol; Cm, Cholestyramine; PS, Phytosterol; TG, triacylglycerol.

cholesterol diet. The plasma TG concentrationwas not
different among thefour groups.

Thelivertota cholesterol, cholesteryl esterand TG
content weresignificantly higher and theliver freecho-
lesterol content wassignificantly lower inthe Chol group
thanintheother groups. Dietary cholestyramineinhib-
ited theaccumul ation of liver cholesterol and TG in-
duced by high-cholesterol diet.

Fatty acid composition of plasmacholesteryl ester

TABLE 3 shows the fatty acid composition of
plasma chlesteryl ester. The percentage of palmitic,
palmitoleic, stearic, and oleic acidswere significantly
higher whereaslinole cand arachidonic acidsweresig-

BIOCHEMISTRY (mm—

nificantly lower in the Chol group than in the other
groups. Dietary cholestyramineinhibited thechangesin
the percentage of fatty acidsin plasmachlesteryl ester
induced by ahigh-cholesterol diet.

Experiment 2

Food intake, body weight and liver weights

Food intake, find body weight andliver weight were
not different among thefour groups (mean vaues. food
intake, 16 g; fina body weight 211 g; liver weight, 119
[al dietary groups].

Plasmasubstratesand liver lipids

TABLE 3 showsthe concentrations of plasmacho-
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TABLE 4: Fatty acid composition of plasma cholesteryl ester inratsunder star vation-refeeding status (Experiments1and 2).

14:0 16:0 16:1 18:0 18:1 18:2 20:4 22:6
Groups -
0/100g total fatty acid

Experiment 1

Con 04+02 65+1.7° 36+1.0° 07+0.6° 186+2.6" 11.9+22% 556+4.1® 22+1.0
Chol 04+0.3 143+42% 7.7+14% 38+14%° 603+82% 43+13° 96+49° 12408
Cm 04+02 68+14°> 35+06° 03+03° 199+26" 116+1.0*° 525+50*° 18+1.6
Chol-Cm 05+0.3 67+21° 33+08" 08+0.8" 194+35" 112+1.6* 515+99% 26+1.2
Experiment 2

Con 05+0.1 61+08 37+04° 0.8+04° 187+3.3° 10.8+0.6° 505+6.4* 05+1.0°
Chol 04+0.1 133+24* 71+19* 37+0.5% 556+62% 49+23° 112+63° 02+04°
Chol-Cm 05+0.1 86+09° 54+09° 20+0.7° 357+92" 82+1.6° 33.0+84° 04+06°
Chol-PS 04+00 132+26* 80+1.7% 26+0.5° 551+7.7° 47+15° 115+7.7° 13+1.3%

Valuesaremeans= SD for 5 rats. Means with different superscripts within a column are significantly different at p<0.05.
Con, Contral; Chol, Cholesterol; Cm, Cholestyramine; PS, Phytosterol.

lesterol and TG and thecontent of liver lipids. Theplasma
total cholesteral, freecholesterol, cholesteryl ester, and
non HDL -cholesterol concentrationsweresignificantly
higher and the plasmaHDL -chol esterol concentration
was significantly lower inthe Chol group thaninthe
Congroup. Digtary cholestyramineinhibited thechanges
intheplasmacholesterol concentrationsinduced by high-
cholesterol diet. However, no effect by dietary phy-
tosterol wasfound.

Thelivertota cholesterol and cholesteryl ester con-
tent weresignificantly higher and theliver freecholes-
terol content wassignificantly lower inthe Chol group
thaninthe Con group. Dietary cholestyramineinhibited
theaccumulation of liver cholesterol induced by ahigh-
cholesteral diet. Dietary phytosterol significantly inhib-
ited liver cholesterol accumulation but theinhibitory ef-
fect of phytosterol was lower than that of
cholestyramine.

Fatty acid composition of plasmacholesteryl ester

TABLE 3 shows the fatty acid composition of
plasmachlesteryl ester. The percentage of pamitoleic,
palmitoleic, stearic, and oleic acidswere significantly
higher whereasthose of linoleic and arachidonic acids
weresignificantly lower in the Chol groupthaninthe
Conand Cm groups. Dietary cholestyramineinhibited
the changesin the percentage of fatty acidsin plasma
chlesteryl ester induced by ahigh-cholesterol diet.

Many researchersreported that cholestyramineand
phytosterol in experiments on animal 2> and hu-
mang?* %1, Both chol estyramine and phytosterol ex-

hibited ahypochol esterolemic effect, and increased the
fecd excretion of gerals. In the present study, wefound
that 1% cholestyraminein the diet dramatically de-
creased the plasmatota and non-HDL cholesterol con-
centrationsandincreased HDL -cholesterol concentra
tioninratsfed ahigh-cholesteral diet, resultswhich sup-
port those previousfindings.

In Experiment 2, however, phytosterol did not have
avery strong cholesterol-lowering effect inratsafed
high-cholesterol diet. Ling and Jones®! suggested that
phytosterol (1% sitosterol) effectively modify circul a-
ing lipoprotein cholesterol concentrationsat theleve of
the intestine, rather than internaly at the level of
chlesterogenesisinrats. Chien et a .2 demonstrated
that phytosterol-containinglactic-fermented milk pow-
der (0.74-1.85% phytosterol) could be used asapo-
tential cholesterol-lowering ingredient inthe manage-
ment of hypercholesterolemiain hamsters. The differ-
ences between our resultsand previousfindings might
be dueto differencesin experimenta design or thenu-
tritional statusof therats.

The previous findings demonstrated that diets
supplemented with cholestyramineor phytosterol sig-
nificantly increased thefeca cholesterol concentration,
and theincreasewas proportional to the supplementa
contentsof thediets?> %, Inthe present study (Experi-
ment 2), fecal dry weight was higher in the Chol-Cm
and Chol-PS group thaninthe Chol group (4.2+0.8,
24+ 0.7 vs. 1.7 £ 0.5 g/2 days). Fecal cholesterol
excretionwashigher inthe Chol-Cmand Chol-PSgroup
than in the Chol group (datanot shown). It has been
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reported that the net effect of dietary cholesterol ab-
sorption, endogenous cholesterol synthesisand biliary
cholesterol excretion regul ates body cholesterol bal-
ance? 27, The chol esterol-lowering effect of dietscon-
taining cholestyramine and phytosterol might bedueto
theinhibition of intestinal dietary cholesterol absorp-
tion, but dso to theinterferenceof biliary cholesterol
re-absorption.

Theresults of the present study suggest that the
dietary cholestyramine and phytosterol affected cho-
lesterol metabolismin starved-refed ratsfed ahigh cho-
lesterol diet, but afurther detailed study isneeded to
confirmand clarify thismechanism.
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