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Fenofibrate Reduces Age-related Hypercholesterolemia in Normal

Rats on a Standard Diet
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Plasma cholesterol is increased in normal aging in both rodents and humans. This is associated
with reduced elimination of cholesterol and decreased receptor-mediated clearance of plasma
low-density lipoprotein (LDL) cholesterol. The aims of this study were: (1) to determine age-related
changes in plasma lipid profiles, and (2) to determine the effect of fenofibrate, an activator of
peroxisome proliferator activated receptor alpha (PPAR ), on plasma lipid profiles in normal rats
on a standard diet. Male Sprague-Dawley (SD) rats (n=15) were fed standard chow and water from
10 to 25 weeks of age. During that period, we measured daily food intake, body weight, fasting and
random blood glucose levels, plasma total cholesterol (TC), triglycerides (TG), and free fatty acid (FFA)
levels. At 20 weeks of age, all rats were randomly divided into two groups: a fenofibrate group (in
which rats were gavaged with 300 mg/kg/day of fenofibrate) and a control group (gavaged with water).
Fenofibrate treatment lasted 5 weeks. There were no significant changes in daily food intake, blood
glucose, and plasma TG level with age. Body weight, plasma TC, and FFA levels were significantly
increased with age. Fenofibrate significantly decreased plasma concentrations of TC and FFA, which
had been increased with age. However, fenofibrate did not influence the plasma concentration of TG,
which had not increased with age. These results suggest that fenofibrate might have a novel role in

preventing age-related hypercholesterolemia in SD rats on a normal diet.
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INTRODUCTION

A number of metabolic changes occur with normal aging
in both animals and humans. Phenomena such as reduced
physical activity, decreased oxygen consumption, redis-
tribution of body tissues with a relative increase in adipose
over muscle mass, decreased insulin sensitivity, and in-
creased blood pressure may all contribute to the accel-
eration of atherosclerosis known to occur with age. Of par-
ticular interest is the fact that plasma levels of total and
LDL-cholesterol are well known to increase with normal ag-
ing [1,2]. Elevated plasma LDL-cholesterol levels represent
one of the key causal factors for the development of athero-
sclerosis and subsequent coronary heart disease (CHD)
with its clinical manifestations of angina, heart failure, ar-
rhythmias, myocardial infarction, transient ischemic at-
tack, and ischemic stroke [3,4].

It has been demonstrated that hypercholesterolemia is
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related to aging. Almost 25% of men and 42% of women
older than 65 years have increased plasma TC levels [5].
Another study showed that 12-month-old Wistar rats have
an increased TC level compared with a 3-month-old group
[6]. The mechanisms behind this age-related increase in
plasma cholesterol are still incompletely understood.
Peroxisome proliferator-activated receptor (PPAR) « is
a member of the family of nuclear transcription factors that
act as lipid sensors and regulate lipid metabolism [7-9]. A
PPAR «a activator, fenofibrate, is known to promote fatty
acid oxidation and to lower circulating lipids, and has been
used as a hypolipidemic drugs [10,11]. Several studies have
examined the effects of fenofibrate on daily food intake,
body weight, and lipid profile in rodent models of obesity.
As they reported, fenofibrate reduced weight gain and plas-
ma TG levels of fatty Zucker rats [12], and reduced weight
gain and adiposity in Wistar rats in which a high-fat diet
had induced obesity [13]. Fenofibrate also decreased food
intake, body weight, plasma TG and FFA levels in obese
Otsuka Long-Evans Tokushima Fatty rats [14]. Although
these studies indicate that fenofibrate reduces food intake,
body weight gain, and plasma lipid levels in obese rodent

ABBREVIATIONS: TC, total cholesterol; TG, triglyceride; FFA, free
fatty acid; SD, Sprague-Dawley; PPAR, peroxisome proliferator-
activated receptor; OLETF, Otsuka Long-Evans Tokushima Fatty
rats; LETO, Long-Evans Tokushima rats.
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models, few studies have examined the effect of fenofibrate
on age-related hyperlipidemia in rodent models on a stand-
ard diet.

In this study, we investigated age-related changes in
plasma lipid profiles and determined whether fenofibrate
improves the lipid profile and reduces age-related hyper-
lipidemia in normal rats on a standard diet.

METHODS
Animals and treatment
Eight-week-old male Sprague-Dawley rats (n=15) (Central
Lab Animal Inc., Korea) were kept in individual cages and

fed freely with standard rat chow and water. All rats were
cared for during the entire period of experimentation in ac-

A
35
230
=
22
@
T2 ¢
= F Tx
= 5 | eno
& 0 —e—control
2 —a—fenofibrate
'®
e 5
U 'S i 1 L J
10 13 16 19 22 25
Age (weeks)

cordance with the Guidelines of Animal Experiments rec-
ommended by the Korean Academy of Medical Sciences.

When they were 20 weeks of age, all rats were randomly
divided into two groups. One group (n=8) was gavaged with
300 mg/kg/day of fenofibrate (Green Cross, Korea) for 5
weeks. The other group (n=7) was gavaged with water for
the same period.

Measurement of daily food intake, body weight, and
blood glucose

Daily food intake and body weight were measured twice
a week during the experimental period. Fasting blood sugar
(FBS) levels were measured every other week using blood
drawn from the tail vein after overnight fasting. Random
blood sugar levels were also measured every other week
using blood drawn from the tail vein.
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Fig. 1. (A) Effect of fenofibrate on daily food intake. There was no significant change in daily food intake from 10 to 25 weeks of age.
There was no significant difference in daily food intake between the fenofibrate and control groups at 25 weeks of age. (B) Effect of fenofibrate
on body weight. Body weight of SD rats increased with age. There was no significant difference in body weight between fenofibrate and
control groups at 25 weeks of age. Values represent means+=SEM of the control group (n=7) and the fenofibrate group (n=8). Feno, fenofibrate;

Tx, treatment.
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Fig. 2. Analysis of blood glucose levels. (A) Effect of fenofibrate on fasting blood glucose. There was no significant change in fasting blood
glucose from 10 to 25 weeks of age. There was no significant difference in fasting blood glucose between the fenofibrate and control groups
at 25 weeks of age. (B) Effect of fenofibrate on random blood glucose levels. There was no significant change in random blood glucose
from 10 to 25 weeks of age. There was no significant difference in random blood glucose between the fenofibrate and control groups at
25 weeks of age. Values represent means+SEM of the control group (n=7) and the fenofibrate group (n=8). Feno, fenofibrate; Tx, treatment.
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Measurement of plasma lipid profiles

Plasma was collected by centrifugation of heparinized
blood at 2,000xg for 15 minutes. Plasma total cholesterol
(TC) and triglyceride (TG) levels were analyzed with rat
TC and TG kits (Asan Pharmaceutical, Korea). The plasma
free fatty acid (FFA) level was analyzed with rat FFA kits
(Shinyang Diagnostics, Korea).

Statistics

The significance of differences between groups was ana-
lyzed by an unpaired two-tailed Student’s ¢ test. All results
are expressed as mean values+SEM. Differences were con-
sidered significant when their p values were less than 0.05.

RESULTS
Effect of fenofibrate on food intake and body weight

SD rats consumed about 24+1 g of standard rat chow
every day from 10 to 25 weeks of age, and there was no
significant change in daily food intake. Five weeks of fenofi-
brate treatment did not alter daily food intake (Fig. 1A).
Body weights of the SD rats increased from 363+4 g at 10
weeks of age to 503+14 g at 25 weeks of age. Five weeks
of fenofibrate treatment did not alter body weight (Fig. 1B).

Effect of fenofibrate on blood glucose

There was no difference between fasting and random
blood glucose from 10 to 20 weeks of age. After 5 weeks
of fenofibrate treatment, there was no difference in fasting
or random blood glucose between the fenofibrate and con-
trol groups (Fig. 2).

Change in lipid profile with age

The plasma TC level was significantly increased with
age. It was 755 mg/dl at 10 weeks of age, 100+10 mg/dl
at 15 weeks of age, 116+7 mg/dl at 20 weeks of age, and
125+4 mg/dl at 25 weeks of age (Fig. 3A). The plasma TG
level was not altered with age. It was 50+5 mg/dl at 10
weeks of age, 61+5 mg/dl at 15 weeks of age, 58+3 mg/dl
at 20 weeks of age, and 51+5 mg/dl at 25 weeks of age
(Fig. 3B) the plasma FFA level was significantly increased
with age. It was 392+13 n«Eq/l at 10 weeks of age, 456+
16 «Eg/l at 15 weeks of age, 484+14 1Eq/l at 20 weeks of
age, and 475+21 ¢Eq/l at 25 weeks of age (Fig. 3C).

Effect of fenofibrate on the lipid profile

There was no difference in plasma TC level between the
two groups before fenofibrate treatment. After five weeks
of fenofibrate treatment, the plasma TC level of the fenofi-
brate group was significantly decreased compared with that
of the control group (81+10 mg/dl vs. 125+4 mg/dl, p< 0.05)
(Fig. 4A). There was no difference in the plasma TG level
between the two groups before fenofibrate treatment. Five
weeks of fenofibrate treatment did not change plasma TG
levels compared with the control group (58+6 mg/dl vs.
51+5 mg/dl, p=0.21) (Fig. 4B). There was no difference in
plasma FFA level between the two groups before fenofi-

brate treatment. After five weeks of fenofibrate treatment,
the plasma FFA level of the fenofibrate group was signifi-
cantly decreased compared with that of the control group
(311+12 pEqg/l vs. 475+21 nEq/l, p<0.05) (Fig. 4C).
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Fig. 3. Changes in plasma TC, TG, and FFA levels with age. (A)
Plasma TC level was significantly increased from 10 to 25 weeks
of age. (B) The plasma TG level was not changed from 10 to 25
weeks of age. (C) Plasma FFA levels were significantly increased
from 10 to 25 weeks of age. Values represent means+SEM of the
SD rats (n=15). *p<0.05 vs. 10 weeks of age; **p<0.01 vs. 10
weeks of age.
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Fig. 4. Effects of fenofibrate on plasma TC, TG, and FFA levels.
There was no difference in plasma TC, TG, and FFA levels between
the fenofibate and control groups before fenofibrate treatment. (A)
After 5 weeks of fenofibrate treatment, the plasma TC level of the
fenofibrate group was significantly lower than that of the control
group. (B) After 5 weeks of fenofibrate treatment, there was no
significant difference in plasma TG level between the fenofibrate
and control groups. (C) After 5 weeks of fenofibrate treatment, the
plasma FFA level of the fenofibrate group was significantly lower
than that of the control group. Values represent means+SEM of
the control (n=7) and fenofibrate (n=8) groups. *p<0.05 vs. control
group.

DISCUSSION

In this study, we found that age-related lipid profiles
showed increased plasma TC and FFA levels with age,
while plasma TG levels were not changed with age.
Fenofibrate treatment decreased plasma TC and FFA levels
but did not alter plasma TG levels. Fenofibrate, an activa-
tor of PPAR ¢, is known to mainly decrease plasma TG
levels. Although there are many studies demonstrating that
fenofibrate decreases plasma TG levels [12,14,15], there
was no difference in plasma concentrations of TG between
the fenofibrate and control groups in this study. Most of
the studies mentioned above studied obese rodents or ro-
dents on a high-fat dieted, subjects who have already devel-
oped dyslipidemia. In contrast, the SD rats we used in our
study were fed with standard chow and there was no sig-
nificant change in plasma TG level during aging. Thus, we
cautiously suggest that fenofibrate does not alter plasma
TG levels, which are not changed with age, while it does
decrease plasma TG levels, which are already increased
over the normal range. On the other hand, plasma TC and
FFA levels did increased with aging, and fenofibrate treat-
ment significantly decreased plasma TC and FFA levels.
Although fenofibrate mainly decreases plasma TG level, it
also reduces plasma TC levels in humans and rodents that
have increased TC and FFA levels [10,16,17]. Our study
suggests that fenofibrate treatment decreases plasma con-
centrations of lipids such as TC and FFA because they were
significantly increased with aging.

The molecular mechanisms for the effects of aging and
fenofibrate on lipid are not established. During aging in
rats, hypercholesterolemia occurs in concert with full acti-
vation, a lowered degradation rate and an unchanged level
of the rate limiting cholesterol biosynthesis enzyme, 3-hy-
droxy-3-methylglutaryl coenzyme A reductase (HMGCR).
The molecular base of the unchanged HMGCR level and
the lowered degradation rate in aged rats is not clear.
Pallottini et al reported that the proteins involved in choles-
terol homeostasis—HMGCR, Insig-induced gene (Insig)
protein, sterol regulatory element binding protein (SREBP),
SREBP cleavage activating protein (SCAP), and low density
lipoprotein receptor (LDLr)—are modified in age-related
hypercholesterolemia [18]. Even though we did not examine
the molecular mechanisms underlying changing cholesterol
metabolism with aging, our group is now investigating the
effects of fenofibrate on the factors involved.

The duration of drug treatment has varied according to
the purpose of the experiment. Usually for experiments
with rodents, the period of fenofibrate treatment is from
3 days [19] to 8 weeks [20]. In the present study, we de-
termined that treatment duration of 5 weeks was optimum.
However, further study will be needed to examine the ef-
fects of short-term and long-term treatments with fenofibrate.

We and others reported that fenofibrate decreases body
weight and daily food intake in obese rats or in rats on
a high-fat diet [12,14]. But, in the present study, fenofibrate
did not affect body weight or daily food intake. Perhaps this
lack of effect occurred because the duration of fenofibrate
treatment in this study was not long enough. Nevertheless,
it is convincing that fenofibrate did not affect body weight
and daily food intake of normal rats on a standard diet.
Another interesting finding in this study was that daily
food intake did not change while body weight increased
from 10 to 25 weeks of age. The same phenomenon was
observed in our other study [15]. Although it may be attrib-
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uted to decreased physical activity or decreased energy con-
sumption with age, future studies are required to de-
termine the reason why daily food intake does not increase
while body weight increases during aging.

In conclusion, fenofibrate decreases age-related hyper-
cholesterolemia in SD rats on a normal diet, while it does
not alter the plasma TG level, which does not increase with
age. We suggest that fenofibrate might be a preventive
agent for age-related hypercholesterolemia.
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