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ABSTRACT

The present study was performed to investegate the effects of high-fat diets containing different fats on cholesterol me-
tabolism in starvation-refeeding rats. Forty female Donryu rats were divided into two groups and then fed high-fat diets
containing beef tallow or corn oil without cholesterol for 14 days. Then, 10 rats from each group were divided into
high-cholesterol and cholesterol-free groups (Experiment 1). Another 10 rats from beef tallow and corn oil groups were
divided into high-cholesterol and high-cholesterol-cholestyramine groups (Experiment 2). All rats were fasted for 2
days followed by 3 days of feeding. In Experiment 1, the high-cholesterol diet caused significant increases in plasma
total cholesterol and cholesteryl ester concentrations in the beef tallow diet group. In Experiment 2, dietary cho-
lestyramine markedly decreased plasma and liver cholesterol levels; however, these cholesterol levels were higher in
the beef tallow diet group even if cholestyramine was added to the diet. These results suggested that the cholesterol-
lowering effect of dietary corn oil may not be due solely to reabsorption of bile acids. This study suggested that high-fat

diets containing different fats affected cholesterol metabolism under conditions of starvation-refeeding.
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1. Introduction

It is well established that starvation followed by refeed-
ing (starvation-refeeding) causes an increase in mam-
malian hepatic lipogenesis (de novo synthesis of long-
chain fatty acids) in comparison to the levels obtained
with the same diet fed ad libitum [1-7]. The magnitude of
the increase is dependent on the diet composition and the
species, age, and sex of the animals [8-10]. The changes
in lipogenic enzyme activity are considered to be due to
an alteration in the rate of enzyme protein synthesis as a
consequence of increased cellular concentration of spe-
cific mRNAs [11-13].

Cholesterol, a physiologically significant lipid, as well
as triacylglycerol (TG) or fatty acids, is present in tissues
and in plasma lipoprotein either as free cholesterol or, in
combination with long-chain fatty acids, as cholesteryl
ester [14]. It is synthesized in many tissues from ace-
tyl-CoA and is ultimately eliminated from the body in the
bile as cholesterol or bile salts. Cholesterol is the precur-
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sor of all other steroids in the body, such as glucocorti-
coid and sex hormones[14]. Cholesterol synthesis in the
liver may be accelerated under conditions of activated
hepatic lipogenesis because cholesterol and fatty acids
are closely related to mammalian lipid metabolism [15].
Recently, we suggested that starvation-refeeding acti-
vated cholesterol metabolism in rats fed a high-choles-
terol-unsaturated fat diet [16]. On the other hand, many
studies have dealt with the effects of feeding with dietary
fats of different fatty acid compositions on cholesterol
metabolism [17-21]. It was suggested that saturated fatty
acids caused hypercholesterolemia, both in humans and
in animal models [17-21]. However, it is unclear whether
a saturated fat diet increases serum and liver cholesterol
levels under starvation-refeeding conditions. In the pre-
sent study, we investigated the effects of high-fat diets
containing different fats on cholesterol metabolism in
starvation-refeeding rats. Furthermore, we examined the
effects of cholestyramine, a resin that strongly binds bile
acids, on serum and liver cholesterol levels under starve-
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tion-refeeding conditions.
2. Materials and Methods

All procedures involving rats were approved by the Ex-
perimental Animal Care Committee of Kagawa Univer-
sity.

2.1. Experiment 1: Effects of Dietary Fats and
Cholesterol on Cholesterol Metabolism in
Rats under Starvation-Refeeding Conditions

2.1.1. Animals, Diets, and Experimental Design
Twenty female Donryu rats (age 4 weeks) were pur-
chased from Japan SLC, Inc. (Shizuoka, Japan). Half of
the animals were fed a beef tallow diet, and the other half
were fed a corn oil diet. All rats were housed individually
at 22°C + 1°C with lights on from 08:00 to 20:00 h and
free access to water. The rats were fed CE-2, a commer-
cial rodent diet (CLEA, Tokyo, Japan) ad libitum until 5
weeks of age. The fatty acid compositions of test lipids
are shown in Table 1. The rats were fed two synthetic
high-fat diets containing different fats without choles-
terol (Table 2). This diet also contained (per kilogram):
retinyl palmitate, 60,000IU; ergocalciferol, 6001U; a-
tocopheryl acetate, 1 g. The vitamin and mineral mix-
tures [22] were purchased from Oriental Yeast Co., Ltd.
(Tokyo, Japan). After a 14 day feeding period, the rats
were divided into two sub-groups (Figure 1).

Half of each of these groups was fed the experimental
diet (cholesterol-free diet, Con), and the other half was
fed a diet to which 1% cholesterol and 0.25% bile pow-
der were added (high-cholesterol diet, Chol). All groups
were fasted for 2 days followed by 3 days of refeeding.

Table 1. Fatty acid composition of experimental fats.

. Beef tallow Corn oil
Fatty acid
¢/100 g total fatty acid
14:0 1.4 Trace
16:0 25.1 9.9
16:1 3.1 0.1
18:0 18.5 2.1
18:1 44.9 29.4
18:2 35 53.6
20:0 0.2 1.0
20:1 0.6 0.5
20:4 Trace Trace
22:6 0.4 0.8

"Number of Catoms: number of double bonds.
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Experiment 1
Starvation Re-feeding = BT-Chol diet

BT-Con diet (n=10) 2 days 3 days (n=5)
14 days BT-Con diet
(n=5)

Starvation  Re-feeding coO-Chol diet

CO-Con diet (n=10) 2 days 3days  (n=5)
14 days L, ,CO-Condiet
(n=5)

Experiment 2
Starvation Re-feeding BT-Chol-Cm diet

BT-Con diet (n=10) 2 days 3days  (n=5)
14 days ., BT-Chol diet
(n=5)

Starvation Re-feeding  cO-Chol-Cm diet

CO-Con diet (n=10) 2 days 3 days (n=5)
14 days CO-Chol diet
(n=5)

Figure 1. Experimental design in this study. BT, beef tallow;
CO, corn oil; Con, control; Chol, cholesterol; Cm, cho-
lestylamine.

After the starvation-refeeding period, the rats were killed
by cardiac puncture under anesthesia. Blood was col-
lected to obtain plasma, and the liver was quickly re-
moved, weighed, and stored at —40°C.

2.1.2. Analysis

The plasma total cholesterol, free cholesterol, HDL cho-
lesterol, and TG concentrations were determined using
commercial kits (Cholesterol E-Test, Free Cholesterol
E-Test, HDL-Cholesterol E-Test and Triglyceride E-Test,
Wako Pure Chemical Industries, Osaka, Japan). Plasma
cholesteryl ester concentration was calculated from the
plasma total cholesterol and free cholesterol concentra-
tions. Total liver lipid and plasma lipid were extracted by
the method of Folch et al. [23].

Liver total cholesterol, free cholesterol, and choles-
teryl ester contents were determined by the method de-
scribed previously [24,25]. Plasma cholesteryl ester was
detemined using a thin-layer chromatography technique
[26]. The fatty acid composition of plasma cholesteryl
ester was determined using gas chromatography. The TG
extract liquid was vaporized by nitrogen gas and then
transmethylated using methanol-sulfuric acid (230:2, v/v).
The fatty acid methyl esters were extracted with hexane
and separated in a gas chromatograph (ModelG-163;
Hitachi Co., Tokyo, Japan) equipped with a 3 mm x 2 m
glass column filled with packing material (EGSS-Y;
Shinwa Chemical Industries, Ltd., Tokyo, Japan). The
column temperature was set at 187°C. The carrier gas
was helium at a flow rate of 40 ml/min. Methyl esters of
individual fatty acids were identified in the chroma-
tograms by comparing their retention times to those of
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Table 2. Composition of experimental diets.
Experiment 1 Experiment 2
Beef tallow Corn oil Beef tallow Corn oil
Ingredients Chol Con Chol Con Chol-Cm Chol Chol-Cm Chol
g/kg diet
Casein 250.0 250.0 250.0 250.0 250.0 250.0 250.0 250.0
a-Starch 427.5 440.0 427.5 440.0 407.5 427.5 407.5 427.5
Beef tallow 200.0 200.0 - - 200.0 200.0 - -
Corn oil - - 200.0 200.0 - - 200.0 200.0
Mineral mixture* 50.0 50.0 50.0 50.0 50.0 50.0 50.0 50.0
Vitamin Mixture* 8.5 8.5 8.5 8.5 8.5 8.5 8.5 8.5
Cellulose 50.0 50.0 50.0 50.0 50.0 50.0 50.0 50.0
Choline chloride 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5
Cholesterol 10.0 - 10.0 - 10.0 10.0 10.0 10.0
Bile powder 2.5 - 2.5 - 2.5 2.5 2.5 2.5
Cholestyramine - - - - 20.0 - 20.0 -

These diets contained (per kilogram): retinyl palmitate, 60,0001U; ergocalciferol, 6001U; a-tocopheryl acetate, 1 g. Con, control; Chol, cholesterol; Cm, cho-

N .
lestyramine. Harper’s mixture.

pure methyl esters, and were quantified by comparing the
areas under their peaks.

2.2. Experiment 2: Effects of Dietary Fats and
Cholestyramine on Cholesterol Metabolism
in Rats under Starvation-Refeeding
Conditions

2.2.1. Animals, Diets, and Experimental Design

Twenty female Donryu rats (age 4 weeks) were pur-
chased from Japan SLC, Inc. (Shizuoka, Japan). Half of
the animals were fed a beef tallow diet, and the other half
were fed a corn oil diet. All rats were housed individually
at 22°C £ 1°C with light on from 08:00 to 20:00 h and
free access to water. The rats were fed CE-2, a commer-
cial rodent diet (CLEA) ad libitum until 5 weeks of age.
Then, the rats were fed a beef tallow diet or a corn oil
diet without cholesterol (Con diet, Experiment 1) ad li-
bitum for 14 days. After a 14 day feeding period, the beef
tal- low and corn oil groups were divided into two sub-
groups (Figure 1). Half of each of these groups was fed a
diet to which 1% cholesterol and 0.25% bile powder
were added (high-cholesterol diet, Chol), and the other
half was fed the Chol diet to which 2% cholestyramine
was added (high-cholesterol-cholestyramine diet, Chol-
Cm). The compositions of experimental diets are shown
in Table 2. All groups were fasted for 2 days followed
by 3 days of refeeding. After the starvation-refeeding
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period, the rats were killed by cardiac puncture under
anesthesia. Blood was collected to obtain plasma, and the
liver was quickly removed, weighed, and stored at —40°C.

2.2.2. Analysis

The plasma substrates, liver lipids, and fatty acid compo-
sition of plasma cholesteryl ester were assayed as in Ex-
periment 1.

2.3. Statistical Analysis

The values are expressed as means + standard deviation
(SD). Data were evaluated by two-way ANOVA and
Turkey’s test was used to determine specific mean dif-
ferences. In all analyses, P < 0.05 was taken to indicate
statistical significance. All analyses were performed with
a commercially available statistical package (Excel Sta-
tistics; SSRI Co., Ltd., Tokyo, Japan).

3. Results
3.1. Experiment 1

3.1.1. Food Intake, Body Weight, and Liver Weights
Mean food intake for 3-day refeeding period, final body
weight, and liver weight did not differ among the four
groups (mean values: food intake, 17.6 g/day; final body
weight, 205 g; liver weight, 10.8 g [all dietary groups]).
Neither dietary fat nor cholesterol influenced food intake,
body weight, or liver weight.
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3.1.2. Plasma Substrates

Table 3 shows the plasma cholesterol and TG concentra-
tions. The high-cholesterol diet caused the plasma total,
free, and non HDL-cholesterol, and cholesteryl ester
concentrations to increase significantly, whereas plasma
HDL-cholesterol concentration decreased significantly in
the beef tallow diet group.

In the corn oil diet group, the plasma total, free, and
cholesteryl ester concentrations did not differ between
the high-cholesterol and cholesterol-free diet groups. The
plasma concentrations of HDL-cholesterol were signifi-
cantly lower and those of non HDL-cholesterol and trig-
lyceride (TG) were significantly higher in rats fed a
high-cholesterol diet than in those fed a cholesterol-free
diet in the corn oil diet group. The high-cholesterol diet
significantly increased the ratio of total cholesterol per
TG in the beef tallow diet group. High-cholesterol diet-
induced hypercholesterolemia and hyperlipidemia were
confirmed in beef tallow diet-fed rats compared to those
fed corn oil fed.

3.1.3. Liver Lipids

Table 3 shows the liver cholesterol and TG contents.
Liver total cholesterol, cholesteryl ester, and TG were
significantly higher, whereas liver free cholesterol was
lower in the high-cholesterol groups than in the choles-
terol-free groups in both beef tallow and corn oil diet-fed
rats.

3.1.4. Fatty Acid Composition of Plasma

Cholesteryl Ester
Table 5 shows the fatty acid composition of plasma cho-
lesteryl ester. The percentage of oleic acid was signifi-

cantly higher, whereas that of linoleic acid was signifi-
cantly lower in rats fed a beef tallow diet than in rats fed
a corn oil diet in either the high-cholesterol or choles-
terol-free group. The high-cholesterol diet increased the
percentage of saturated fatty acids of plasma cholesteryl
ester in the beef tallow diet groups. The percentage of
arachidonic acid was significantly lower in the high-
cholesterol groups than in the cholesterol-free groups in
both beef tallow diet- and corn oil diet-fed rats. In the
high-cholesterol diet-fed rats, the percentage of arachi-
donic acid was significantly lower in the beef tallow diet
group than in the corn oil diet group.

3.2. Experiment 2

3.2.1. Food Intake, Body Weight, and Liver Weight
Mean food intake for 3-day refeeding period, final body
weight, and liver weight did not differ among the four
groups (mean values: food intake, 15.8 g/day; final body
weight, 210 g; liver weight, 11.0 g [all dietary groups]).
Neither dietary fat nor cholestyramine was influenced by
food intake, body weigh, or liver weight.

3.2.2. Plasma Substrates

Table 4 shows the plasma cholesterol and TG concentra-
tions. The dietary cholestyramine decreased plasma con-
centrations of total, free, HDL-, non HDL-cholesterol,
and cholesteryl ester in both beef tallow and corn oil diet
groups, but the differences were not significant. In rats
fed the high-cholesterol-cholestyramine diet, the plasma
non HDL-cholesterol concentration was significantly
higher in the beef tallow diet group than in the corn oil
diet group. The plasma TG concentration and ratio of

Table 3. Effect of dietary fats and cholesterol on plasma and liver components in rats under starvation-refeeding conditions

(Experiment 1).

Plasma Total Chol Free Chol Chol ester HDL-Chol  Non HDL-Chol TG Total Chol/TG
Groups mg/100 ml mg/100 ml mg/100 ml mg/100 ml mg/100 ml mg/100 ml
Beef tallow Chol 226 + 55° 38.7+10.3" 187 + 45° 17.8 £ 6.4° 208 + 61° 102 +23° 242+1.28°
Con 83+7° 212+£39° 62+9° 59.9+8.0° 23+ 6° 128 +33° 0.69+0.21°
Corn oil Chol 112 £ 16° 227+4.1° 90+ 12° 18.8+1.5° 94+ 14° 123 + 44° 1.00 +0.33°
Con 77 £ 10° 16.5+2.0° 60+11° 495+11.0° 27+£9° 60 +23° 1.48 +£0.70®
Liver Total Chol Free Chol Chol ester TG
Groups mg/g tissue mg/g tissue mg/g tissue mg/g tissue
Beef tallow Chol 21.5+0.9° 1.43£0.33°  20.1+09° 33.5+4.7
Con 7.0+ 14° 5.41 +0.96" 1.9+0.4° 21.4+57°
Corn oil Chol 21.8+28° 0.92+0.72°  209+23"  36.7=152°
Con 7.6+0.8° 3.41+£031° 40+1.0° 172+ 4.0°

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; TG,

triacylglycerol.
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Table 4. Effect of dietary fats and cholestyramine on plasma and liver components in rats under starvation-refeeding condi-

tions (Experiment 2).

Plasma Total Chol Free Chol Chol ester HDL-Chol  Non HDL-Chol TG Total Chol/TG
Groups mg/100 ml mg/100 ml mg/100 ml mg/100 ml mg/100 ml mg/100 ml
Beeftallow  Chol-Cm 109 + 32 21.7 £ 4.5® 87 +27° 33.7+5.0° 75 +31° 138 + 45 0.89 + 0.40
Chol 223 + 136 38.1 +£20.7° 185+ 116 20.4 £ 4.6° 203 + 140° 94 £ 32 2.56+1.90
Corn oil Chol-Cm 70 +9° 15.0+3.5° 55+8° 31.1+5.1% 39+11° 80+ 33 0.96 + 0.30
Chol 130 + 29 24.6 £ 6.6™ 105 + 22 20.7 +3.5° 109 +31% 98 + 30 1.38+0.30
Liver Total Chol Free Chol Chol ester TG
Groups mg/g tissue mg/g tissue mg/g tissue mg/g tissue
Beeftallow  Chol-Cm 8.6+ 1.9° 45+1.1 42+0.9° 144+59
Chol 22.4+3.6" 41+27 183 +£3.3 31.5+18.0
Corn oil Chol-Cm 13.0+£2.8° 55+1.7 7.5+ 1.4° 21.7+10.0
Chol 23.1+28" 41+18 19.4+1.8 26.6+6.3

Values are means + SD for 5 rats. Means with different superscripts within a column are significantly different at P < 0.05; Cm, cholestyramine; Chol, choles-

terol; TG, triacylglycerol.

Table 5. Fatty acid composition of plasma cholesteryl ester in rats under starvation-refeeding conditions (Experiments 1 and 2).

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

Experiment 1
Beef tallow Chol 0.4+0.3 143+42° 77+14 38+14* 603+82° 43+13% 9.6+49° 12+08
Con 0.5+0.2 65+1.7 3.6+1.0° 0.7+0.6°  18.6+2.6° 11.9+22° 556+41° 22+1.0
Corn oil Chol 03+0.1 5.6+0.1° 24+0.8° 0.6+04> 300+22b 234+08 27.0+44>  08+05
Con 03+0.1 5.1+0.1° 0.7+0.2° 0.7+0.4° 51+£09¢  219+15° 60327 1.9+03

Experiment 2
Beeftallow  Chol-Cm 0.5+0.1 8.6+0.9 54+0.9° 20+£0.7° 357+92° 82+1.6  33.0+84" 04=0.6"
Chol 0.4+0.1 13.3+£24° 7.0+£19° 37405 55.6+62°  49+23°  112+63%  02+04°
Corn oil Chol-Cm 0.4+0.2 7.0+£19° 14+£04° 09+02* 19.0+4.1° 269+1.6" 387+79° 22427
Chol 0.3+0.1 73170 29+04° 0.6+03°  41.7+92° 287+42° 146+99"° 09+04°

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.

total cholesterol per TG did not differ among the four

groups.

3.2.3. Liver Lipids

Table 4 shows the liver cholesterol and TG contents. The
dietary cholestyramine significantly decreased liver total
cholesterol and cholesteryl ester contents in the both beef
tallow and corn oil diet groups. In rats fed the high-cho-
lesterol-cholestyramine diet, liver total cholesterol and
cholesteryl ester contents were significantly lower in the
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beef tallow diet group than in the corn oil diet group. The
liver free cholesterol and TG did not differ among the
four diet groups.

3.2.4. Fatty Acid Composition of Plasma Cholesteryl
Ester

Table 5 shows the fatty acid composition of plasma cho-

lesteryl ester. In rats fed high-cholesterol diet, the per-

centages of myristic, palmitic, palmitoleic, and stearic

acids were significantly higher, whereas those of linoleic

FNS



652 Effects of High-Fat Diets Containing Different Fats on Cholesterol Metabolism in Starvation-Refeeding Rats

and docosahexaenoic acids were significantly lower in
the beef tallow diet group than in the corn oil diet group.

The dietary cholestyramine significantly decreased the
percentage of oleic acid and significantly increased that
of arachidonic acid in both beef tallow and corn oil diet
groups.

4. Discussion

We previously suggested that starvation-refeeding in-
creased the plasma cholesterol concentration in rats fed a
high-fat/high-cholesterol diet [16]. As starvation-refeed-
ing may enhance the response to dietary fats, we decided
it to adopt this method. In the present study, we found
that dietary supplemental 1% cholesterol increased plas-
ma cholesterol concentration in rats fed a beef tallow diet
compared to rats fed a corn oil diet under the starve-
tion-refeeding conditions. In particular, the increase of
cholesteryl ester concentration (i.e., it increased the cho-
lesteryl ester/free cholesterol ratio) indicated that a beef
tallow diet may influence the synthesis of hepatic acyl-
CoA: cholesterol acyltransferase (ACAT; EC2.3.2.26)
[27]. ACAT, an integrated membrane enzyme, is in-
volved in regulating intracellular cholesterol homeostasis
by catalyzing formation of cholesteryl ester from free
cholesterol and long-chain acyl-CoA. A high-cholesterol
diet is associated with increased hepatic microsomal
ACAT activity [28]. DeWitt et al. [29] suggested that
stimulation of ACAT activity was only observed with the
addition of oleic acid, but not with palmitic, stearic, or
linoleic acids in vitro. On the other hand, lecithin choles-
terol acyltransferase (LCAT; EC2.3.1.43) is known as
another important enzyme for plasma cholesteryl ester
metabolism [30]. LCAT is present in higher concentra-
tions in plasma than in other tissues, and mainly transfers
fatty acids from the 2-position of phospholipids to cho-
lesterol. The LCAT reaction is a physiologically impor-
tant source of plasma cholesteryl esters [30]. Marcel ef al.
[31] reported that substrate specificity of LCAT to ara-
chidonic acid was higher than saturated and monoun-
saturated fatty acids. In addition, Romoijn et al. [32]
suggested that a linoleic acid-enriched diet increases se-
rum cholesterol esterification by LCAT in meal-fed rats.
In the present findings, the percentage of oleic acid in
plasma cholesteryl ester was higher, whereas those of
arachidonic and linoleic acids were lower in rats fed a
beef tallow diet than in rats fed a corn oil diet, especially
when 1% cholesterol was added to diet. We observed a
correlation between plasma cholesteryl ester concentra-
tion and the percentage of oleic acid in plasma choles-
teryl ester (r = 0.93, P < 0.05), whereas a negative corre-
lation was observed between plasma cholesteryl ester
concentration and the percentages of arachidonic and
linoleic acids in plasma cholesteryl ester (» = 0.83, P <

Copyright © 2011 SciRes.

0.05; = 0.66, P < 0.05 respectively). These results sug-
gest that the reactions of ACAT and LCAT influenced by
fatty acid composition of dietary fats or by a high-cho-
lesterol diet under starvation-refeeding conditions, re-
sulted in higher plasma cholesterol concentration in rats
fed a beef tallow diet.

There is evidence to suggest that dietary fatty acids
affect LDL cholesterol levels via several different me-
chanisms, including effects on whole-animal sterol ba-
lance and LDL production or turnover [33]; however,
modulation of LDL receptor-mediated uptake of LDL is
thought to be the primary pathway regulating plasma
cholesterol levels. Studies in humans [34] and animal
models [35] have shown that changes in plasma LDL
cholesterol as a result of dietary fatty acid modification
are associated with changes in its fractional catabolic rate
(FCR). Alterations in the FCR are presumably mediated
via changes in the receptor-mediated uptake of LDL par-
ticles by the liver. Consequently, there is considerable
interest in studying fatty acid regulation of the LDL re-
ceptor. Mustad e al. [36] reported that dietary linoleic
acid increases and palmitic acid decreases hepatic LDL
receptor protein and mRNA abundance in young pigs. In
the present study, linoleic and palmitic acids were the
main elements composing corn oil and beef tallow re-
spectively. In the high-cholesterol diet groups, plasma
non-HDL cholesterol was significantly higher in rats fed
a beef tallow diet than in rats fed a corn oil diet. Our re-
sults at least partially support previous findings.

Ultimately, cholesterol must enter the liver and be ex-
creted in the bile acids [37]. Approximately half of the
cholesterol fed or synthesized is excreted in the feces
after being conversed to bile acids. Much of the choles-
terol secreted in the bile is reabsorbed, and it is believed
that at least some of the cholesterol that serves as a pre-
cursor for the fecal sterols is derived from the intestinal
mucosa. A large fraction of the bile salts excreted is re-
absorbed into the portal circulation, taken up by the liver,
and re-excreted in the bile, a cycle known as enterohe-
patic circulation [38]. Unfortunately, in our experiment
we did not determine the fecal excretion of cholesterol
and bile salts. However, dietary cholestyramine markedly
decreased plasma and liver cholesterol levels in both rats
fed a beef tallow diet and rats fed a corn oil diet. Cho-
lestyramine, a resin that strongly binds bile acids, is used
as a hypolipidemic drug [39]. Cholestyramine is consid-
ered to lower plasma cholesterol levels by inhibiting the
enterohepatic circulation of bile acids. In the present
study, plasma and liver cholesterol levels were higher in
the beef tallow diet group than in the corn oil diet group
even if cholestyramine was added to those diets. These
results suggested that the cholesterol-lowering effect of
dietary corn oil may not be due only to reabsorption of
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bile acids. The present study suggests that high-fat diets
consisting of different fats at least in partially affect cho-
lesterol metabolism under the starvation-refeeding condi-
tions, but further detailed studies are required to confirm
and clarify the mechanism.
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