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ABSTRACT KEYWORDS
The present study was performed to investigate the effects of starvation- Starvation-refeeding;
refeeding conditions on cholesterol metabolism in rats fed high choles- Cholesterol metabolism;
terol/high fat diets containing different fats. Forty female Donryu rats were Beef tallow;
divided into two groups and then fed a high fat diet containing beef tallow Cornoil;
or corn oil without cholesterol for 14 days. After 14 days, the rats were Rat.

divided into two sub-groups, cholesterol-free diet and high cholesterol diet
subgroups. Half of theanimalsinall groupswerefed the experimental diets
for 3 days (feeding). The remaining half animals were fasted for 2 days
followed by 3 days of refeeding (starvation-refeeding). Among the corn ail
diet groups, no significantly differences were observed in the concentra-
tions of plasmatotal cholesterol, cholesteryl ester, and non-HDL choles-
terol. Starvation-refeeding significantly increased the plasmatotal choles-
terol, cholesteryl ester, and non-HDL cholesterol concentrationsinthe high
cholesterol, beef tallow diet-fed rats. The high cholesterol diet caused the
plasma HDL cholesterol concentration to decrease significantly regardless
of feeding conditions. Total hepatic cholesterol and cholesteryl ester were
significantly higher in the high cholesterol groups than in the cholesterol-
free groupsin both beef tallow- and corn oil-fed rats. These results suggest
that starvation-refeeding partially affects cholesterol metabolisminratsfed
high cholesterol/high fat diets containing either saturated or polyunsatu-
rated fats. © 2011 Trade Sciencelnc. - INDIA

INTRODUCTION genesisisdependent on diet composition and the spe-

cies, age, and sex of theanimal g9, An alterationin

Many researchershavereported that starvationfol-  therate of enzymatic protein synthesisisbelieved to
lowed by refeeding (starvation-refeeding) increases  causeadterationsin lipogenic enzymetic activity*+ 3,

mammalian hepatic lipogenes scompared with that on Cholesteral, aphysiologically significant lipid, as

feedingthesamediet fed ad libitum*". Hepaticlipo- well astriacylglycerol (TG) and fatty acidsare present
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intissuesand plasmalipoprotein either asfreecholes-
terol or, in combination withlong-chainfatty acids, as
cholesteryl estert™. It issynthesized in several tissues
fromacetyl-CoA and ultimately diminated fromthebody
inthebileascholesterol or bilesdts. Cholesterol isthe
precursor of al other steroidsin thebody, such asglu-
cocorticoid and sex hormones*¥., Cholesterol synthe-
sisintheliver may be accel erated under conditions of
activated hepatic lipogenesi sbecause cholesterol and
fatty acidsareclosdly related to mammalian lipid me-
tabolismi*s,

Recently, we suggested that starvation-refeeding
activatescholesterol metabolismin ratsfed ahigh cho-
lesterol, unsaturated fat diet!*®. However, severa stud-
ieshaveinvestigated the effectsof diet containing di-
etary fatshaving varying fatty acid composition on cho-
lesterol metabolismi™2U, Saturated fatty acidshavebeen
suggested to cause hypercholesterolemiaboth in hu-
mansand anima models*21, However, whether star-
vation-refeeding increases serum and hepatic choles-
terol levelsin saturated and pol yunsaturated fat diet-
fedratsinthesamemanner remainsunclear. Inthisstudy,
weinvestigated theeffects of sarvation-refeeding con-
ditions on cholesterol metabolisminratsfed high fat
dietscontaining saturated or polyunsaturated fats.

M aterialsand methods

All proceduresinvolving ratswere gpproved by the
Experimenta Anima Care Committee of KagawaUni-
versty.

Animals, diets, and experimental design

Forty female Donryu rats (age 4 weeks) were pur-
chased from Japan SLC, Inc. (Shizuoka, Japan). Half
of theanima swerefed abesef tallow diet, and the other
half werefedacornoil diet. All ratswere housed indi-
vidually a 22+ 1 °C under illumination from 08:00 to
20:00 hand water ad libitum. Theratswerefed CE-2,
acommercia rodent diet (CLEA, Tokyo, Japan) ad
libitumuntil 5weeks of age. Thefatty acid composi-
tions of test lipids are shown in TABLE 1. Therats
werefed asynthetic high fat diet containing different
fatswithout cholesterol (TABLE 2). Inaddition, the
diet for both groups contained thefoll owing compo-
nents (per kg): retinyl pamitate, 60,0001U; ergocalcif-
erol, 6001U; a-tocopheryl acetate, 1 g. Vitamin and
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minera mixtures? were purchased from Orientd Yeast
Co., Ltd. (Tokyo, Japan). After a14-day feeding pe-
riod, theratsweredivided into two subgroups. Half of
each subgroup wasfed the experimenta diet (choles-
terol-freediet, Con), and the other half wasfed contain-
ing 1% cholesterol and 0.25% bile powder (high cho-
lesteral diet, Chol). HAlf of theanimasindl groupswere
fed theexperimentd dietsfor 3 days (feeding groups).
The other half were fasted for 2 days, followed by 3
daysof refeeding (starvation-refeeding groups). After
thefeeding or sarvation-refeeding period, theratswere
killed by cardiac puncture under anesthesa. Blood was
collected to obtain plasma, and theliver was quickly
removed, weighed, and stored at -40°C.

TABLE 1: Fatty acid composition of experimental fats

. Beef tallow Corn ail
Fatty acid* .
0/100g total fatty acid
14.0 3.0 Trace
16:0 26.5 115
16:1 3.7 0.2
18.0 18.3 20
18:1 439 25.9
18:2 31 58.7
18:3 Trace 05
20:0 0.1 0.6
20:1 0.5 04
22:6 0.3 Trace

*Number of C atoms: number of double bonds.

TABLE 2: Composition of experimental diets

Beef tallow Corn ail

Ingredients Chol Con Chal Con
g/kg diet

Casein 2500 250.0 250.0 250.0
a-Starch 4275 4400 4275 440.0
Beef tallow 200.0 200.0 -
Corn ail - 200.0 200.0
Mineral mixture 50.0 50.0 50.0 50.0
Vitamin Mixture 85 85 85 8.5
Cellulose 50.0 50.0 50.0 50.0
Choline chloride 15 15 15 15
Cholesterol 10.0 10.0
Gall powder 25 25

These diets contained per kg: retinyl palmitate, 60,0001 U; ergo-
calciferol, 600l U; a-tocopheryl acetate, 1 gram. Con, control;
Chol, cholesterol.
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Analysis

Plasmatota cholesterol, freecholesterol, HDL cho-
lesterol, and TG concentrations were determined us-
ingcommercid kits(Cholesterol E-Test, Free Choles-
terol E-Test, HDL Cholesterol E-Test and Triglycer-
ide E-Test; Wako Pure Chemical Industries, Osaka,
Japan). Plasmachol esteryl ester concentration was
calculated from the plasmatotal cholesterol and free
cholesterol concentrations. Total hepatic and plasma
lipidswere extracted by the method of Folch et a.[@
Total hepatic cholesterol, free cholesterol, and
cholesteryl ester contents were determined by the
method described previoudly!?* 2,

Satistical analysis

All datavaluesare expressed asmeans+ standard
deviation (SD). Data were evaluated by three-way
ANOVA, and Tukey’s test was used to determine spe-
cific mean differences. For al anayses, p<0.05was
condderedtobedatisticdly sgnificant. All andyseswere
performed usngacommercaly avail ablesatisticspack-
age (Excd Statigtics; SSRI Co., Ltd., Tokyo, Japan).
TABLE 3: Effect of garvation-refeeding conditionson food

intake, body and liver weightsin higth fat/cholesterol diet
fedrats

Final .
Groups .FOOd body L|_ver
intake . weight
weight
Status Chol mg/g mg/g g 9/100g
tissue tissue b.w.
Beef b
tallow 13.4+0.9° 200+10 10.1+0.2 5.1+0.2
F +  13.2¢1.3° 193+10 10.2¢1.1 5.3+04
SR 17.4+1.2% 196+10 10.9+1.3 5.6+0.6
SR +  16.9+0.2% 194+4 10.7+0.5 5.6+0.3
Cornoil F 12.8+1.1° 205+6 10.2+1.0 5.0+0.5
+  11.8+0.8° 195:10 10.3+0.4 5.3+0.1
SR 17.3+1.2% 2028 10.9+0.7 5.4+0.2
SR+ 167+1.2% 196+8 11.2£1.5 5.7+0.5

Values are means + SD for 5 rats. Means with different super-
scripts within a column are significantly different at p<0.05. F,
feeding; S-R, starvation-refeeding; Chol, cholesterol; TG,
triacylglyceroal.

RESULTSAND DISCUSSION

Food intake, body weight, and liver weight
TABLE 3 showsthefoodintake, body weight, and

liver weight. Thefood intakes of ratsfed beef tallow
diet or cornoil diet wassignificantly higher inthestar-
vation-refeeding groupsthanin thefeeding groups, re-
gardless of the additional dietary cholesterol. Nosig-
nificant differences were observed in the final body
weight or liver weight in either beef tallow or corn all
diet-fedrats.

Plasma substrates

TABLE 4 showstherat plasmacholesterol and TG
concentrations. Inthe corn oil diet groups, no signifi-
cant differences were observed in the concentrations
of plasmatotal cholesterol, cholesteryl ester, non-HDL
cholesterol, and TG or inthetotda cholesterol/TGratio.
Starvation-refeeding sgnificantly increased theplasma
total cholesterol, cholesteryl ester and non-HDL cho-
lesterol concentrationsin the high cholesterol, beef tal-
low diet-fedrats. Thehigh cholesterol diet Sgnificantly
decreased the plasmaHDL cholesterol concentration
regardlessof thefeeding conditions. In beef talow diet-
fed rats, plasmatota cholesterol, free cholesteral,
cholesteryl ester and non-HDL cholesterol concentra
tionsweresgnificantly higher inthehigh cholesterol diet
groups compared with those in the chol esterol-free
groups under starvation-refeeding conditions, whereas
TG concentrations did not differ among any of the
groups. Thehigh cholesterol diet Sgnificantly decreased
theplasmaHDL cholesterol and significantly increased
non-HDL cholesterol concentrationsin the beef tallow
diet groups.

Hepaticlipids

TABLE 5 showsthe hepatic cholesterol and TG
contents. Total hepatic cholesterol and cholesteryl es-
ter weresgnificantly higher inthehigh cholesteral groups
than in the cholesterol -free groupsin both beef tallow
and cornoil diet-fed rats. Starvation-refeeding signifi-
cantly increased hepatic chol esteryl ester inthe high
cholesterol cornoil diet group. Hepatic TG content did
not differ anongany of thegroups.

We had previously suggested that starvation-
refeeding increased the plasmachol esterol concentra-
tioninhighfat/high cholesterol diet-fed rat'd. Asstar-
vation-refeeding may enhancetheresponseto dietary
fats, wedecided to adopt thismethod. In thisstudy, we
found thet supplementa 1% cholesteral increased plasma
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TABLE 4: Effect of star vation-r efeeding conditionson plasma componentsin higth fat/cholesterol diet fed rats

Groups Total Chol FreeChol Chol ester HDL Chol Non-HDL Chol TG Total Chal/TG
Status Chol mg/100ml  mg/100ml  mg/100ml  mg/100ml mg/100ml mg/100ml
Beeftallow  F 136+ 15" 34.7+7.7° 101+21° 435+11.0% 93+ 14° 200+47  0.71+0.2°
F +  223+42° 465+ 12.0° 177+51° 231+72° 200+ 41° 182+63  1.28+03°
SR 128+ 17° 283+52° 100+22° 46.2+94® 82+ 16° 157+56  0.89+03°
SR+ 478+142% 544+ 12.0° 424+ 130° 20.7+6.9° 458 + 148° 136+ 68 4.30+2.4°
Corn il F 112+37° 262+7.6° 86+35° 36.0+15.0" 76+ 27° 104+36  1.09+0.2°
F +  179+42° 39.4+18.0° 139+40° 244+ 6.8° 154 + 48™ 108+ 7 1.66 +0.4°
SR 125+23° 249+77° 100+23" 535+9.9° 72+ 15° 105+ 16  1.20+0.2°
SR+ 186+23° 30.7+11.0° 154+22° 205+ 54° 164 + 20" 152+46  1.31+0.5°

Values are means + SD for 5 rats. Means with different superscripts within a column are significantly different at p<0.05. F,
feeding; S-R, starvation-refeeding; Chol, cholesterol; TG, triacylglycerol.

TABLE 5: Effect of sarvation-refeeding conditionson liver
componentsin higth fat/cholesterol diet fed rats

Total Chol

Free

Groups o chod  ester 'C
Status Chol mg/g mg/g mg/g mg/g
tissue tissue tissue  tissue
gﬁefw F - 7.0£1.0° 55:0.7° 1.5:03° 36+ 14
F +  21.5+0.6° 4.6+0.7° 16.9+1.3° 63+ 10
SR 54+04° 4.6+03° 0.8+:0.1° 19+6
SR + 226:2.7° 54+12° 17.3:2.6° 31+5
g‘l)m F -  82:17° 58:08° 28:1.7° 37+ 14
F +  23.443.1° 7.6:1.6* 15.7£2.6° 58+ 13
SR 6.4+0.5° 5.3+0.5° 1.1+03° 27424
SR+ 28.0+3.5% 65:1.9% 215:3.3% 51+ 11

Values are means + SD for 5 rats. Means with different super-
scripts within a column are significantly different at p<0.05. F,
feeding; S-R, starvation-refeeding; Chol, cholesterol; TG,
triacylglycerol.
cholesterol concentrationin ratsfed beef tallow diet
compared withratsfed cornoil diet under starvation-
refeeding conditions. Inthecorn oil diet groups, star-
vation-refeeding did not affect the plasmaconcentra-
tions of total, free, and non-HDL cholesterols or
cholesteryl ester in either the high cholesterol or cho-
lesterol-free diet-fed rats. These results support our
previousfindings'®. However, inthebeef tallow diet
groups, starvation-refeeding significantly increased
plasmatotal cholesterol, non-HDL cholesterol, and
cholesteryl ester concentrationsin ratsfed high choles-
terol diet. Theseresultssuggest that thebeef tallow and
cornoil diet-fed ratsdiffer in responseto high choles-
terol diet under starvation-refeeding conditions.
Inthisstudy, plasmatotal cholesterol/TGratioand
non-HDL cholesterol concentration considerably in-

creased inthe high cholesterol, beef tallow diet-fed rats
under the starvation-refeeding conditions. Theincrease
intheplasmatotal cholesterol/TG ratio may reflect the
increasesof plasmalL DL becausethe plasmatota cho-
lesterol/TGratioof VLDL waslower thanthat of LDLI.
Therefore, most of the plasmanon-HDL cholesterol is
speculated to be plasmaL DL cholesterol. We observed
acorrelation between the plasmatotal cholesterol/TG
ratio and plasmanon-HDL cholesterol concentrationin
thebeef tallow diet groups (r = 0.94, p< 0.05), whereas
no correlationwasobserved inthecorn oil diet groups(r
=0.62). Theseresults suggested that the high choles-
terol, beef tallow diet might increasethe plasmanon-
HDL cholesterol cholesterol concentration under thestar-
vation-refeeding conditions because of theincrease of
plasmal DL-cholesterol concentration.

Grundy™®" reported that monounsaturated fatty ac-
idscan favorabl eeffectswhen substituted for saturated
fatty acidsinthediet. On substitution monounsaturated
fatty acidsreduced plasmaL DL cholesterol level swith-
out lowering HDL cholesterol level. Brousseau et a2
suggested that monounsaturated fatty acid (oleic acid)
lowers plasma LDL, and VLDV cholesterols and
apolipoprotein B concentrationsby specific mechanisms
with polyunsaturated fatty acids affecting LDL
apolipoprotein B catabolism as well as production.
These previous studiesdid not agreewith our present
findings. The difference in the results obtained by
Grundy!? and Brousseau et a.?® and those of our
present study may be because of thedifferencesinthe
composition of diets. However, these studiesdid not
adopt thehigh cholesteral dietsand Sarvation-refeeding
conditions. Inthisstudy, beef tall ow contai ned gpproxi-
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mately 50% saturated fatty acids; therefore, the
hypercholesterol el c effects of saturated fatty acidsmay
have nullified the hypocholesteroleic effects of
monounsaturated fatty acids.

Evidencesuggeststhat dietary fatty acidsaffect LDL
cholesteral leve sthrough various mechanisms, includ-
ing effectsonwholeanimad sterol balanceand LDL pro-
duction or turnover.” However, themodulation of LDL
receptor-mediated uptakeof LDL isbelieved to bethe
primary pathway that regul ates plasmachol esterol lev-
els. Studies on humans and animal model §° 31 have
shown that changesin plasmaL DL cholesterol because
of dietary fatty acid modification areassociated with
changesinitsfractiond catabolicrate. Alterationsinthe
fractional catabolic rate are presumably mediated
through changesin the receptor-mediated uptake of
LDL particlesby theliver. Consequently, fatty acid regu-
lation of the LDL receptor has become a subject of
interest in scientific studies. Mustad et a .*? reported
that dietary linoleic acid increases and palmitic acid
decreases hepatic LDL receptor protein and mRNA
abundance, respectively, in young pigs. Inthisstudy,
linoleic and pal mitic acidswere the main components
of cornoil and beef tallow, respectively. Inthehigh cho-
lesteral diet groups, plasmanon-HDL cholesterol was
sgnificantly higher in beef tallow diet-fed ratsthanin
corn oil diet-fed rats under both starvation-refeeding
andfeeding conditions. Our resultsat least partidly sup-
port previousfindings.

Theresults of thisstudy suggest that starvation-
refeeding partialy affect cholesterol metabolisminrats
fed high cholesterol/highfat diets containing saturated
or polyunsaturated fats. However, further detailed stud-
iesarerequired to confirm and clarify the mechanism.
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