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Abstract In this study, we investigated a dose-dependent hypolipidemic and antioxidant effects of tocotrienol-rich fraction
(TRF) from grape seeds. After induction of hyperlipidemia for 4 weeks, rats were supplemented with different dose (5, 25,
and 50 mg/kg BW/day) of TRF for 1 week. Oral administration of TRF (50 mg/kg BW/day) decreased the plasma triglyceride
(TG, 162.6 mg/dL), total cholesterol (TC, 83.7 mg/dL), low density lipoprotein-cholesterol (LDL-C, 20.3 mg/dL), malondialdehyde
contents (MDA, 3.3 nmol/dL), and atherogenic index (AI, 2.0) compare to high-fat diet group. These data suggest that TRF
supplementation has significant health benefits through the modulation of physiological functions that include various
atherogenic lipid profiles and antioxidative status in hyperlipidemia.
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Introduction

It is known that hypercholesterolemia is an important risk
factor for development and progression of cardiovascular
disease (CVD) such as atherosclerosis and myocardial
infarction (1,2). Elevated plasma concentration of cholesterol,
especially low density lipoprotein-cholesterol (LDL-C), is
recognized as a leading cause in the development of
atherosclerosis (3). According to the oxidation hypothesis,
LDL-C accumulates in the extracellular subendothelial
space of arteries and is oxidized to form oxidative LDL-C,
which is highly atherogenic and toxic to vascular cells
(4,5). Therefore, the inhibition of oxidative stress under
hypercholesterolemia is considered to be an important
therapeutic approach.

Indeed, vitamin E was reported to prevent LDL-C
oxidation and to delay the development of atherosclerotic
plaques in vivo, suggesting the effectiveness of antioxidant
for the treatment and prevention of atherosclerosis (6,7).
Several investigators reported that tocotrienols and/or
tocotrienol-rich fraction (TRF) from palm and rice bran
have been demonstrated to possess cholesterol lowering
properties in humans and various experimental animals in
the last few years (7-10). The hypocholesterolemic effect
of tocotrienols may be attributable to posttranscriptional
suppression of 3-hydroxy-3-methylglutaryl-CoA reductase
(HMG-CoA reductase), and a concomitant upregulation of
the LDL receptor (9,11). Alternatively, stimulation of hepatic
apoB degradation by γ-tocotrienol resulting in a reduced
secretion of apoB-containing lipoproteins, such as LDL-C,
may also contribute to the hypocholesterolemic properties
of tocotrienols (12). Experiments in vitro and in vivo

indicate that γ-tocotrienol and analogues of γ-tocotrienol
may be more potent inhibitors of HMG-CoA reductase
than other tocotrienols (13). Moreover, it has been

proposed that α-tocotrienol has a higher antioxidant
potential than α-tocopherol due to a more uniform
distribution in membrane bilayers and higher recycling
efficiency from radicals (14).

The present study was designed to evaluate the effect of
TRF purified from grape seed on the cholesterol metabolism
and antioxidative status in rats fed a hyperlipidemic diet.

Materials and Methods

TRF from grape seeds Purification of tocotrienol-rich
fraction (TRF) from grape seeds (‘Campbell early’) was
carried out using silica gel chromatography as described by
Choi and Lee (15). The analysis of tocopherols and
tocotrienols was performed on a LiChrosphere® Diol 100
column (250×4 mm, i.d., 5 µm) using a mobile phase of
hexane/isopropanol (98.7:1.3, v/v) at a flow rate of 1.0 mL/
min. Peaks were detected by fluorescence using an excitation
wavelength of 290 nm and an emission wavelength of 330
nm. TRF contains 0.27% α-tocopherol, 0.20% γ-tocopherol,
3.27% α-tocotrienol, and 6.79% γ-tocotrienol (16).

Animal experiment This study was conducted in
conformity with the policies and procedures detailed in
guidelines of the National Institution of Toxicology
Research of the Korea Food & Drug Administration for the
care and use of laboratory animals. Thirty male Sprague-
Dawley rats were purchased from Bio Genomics, Inc.
(Seoul, Korea). Prior to the experiment, the rats were given
rodent chow (LabDiet®; PMI Nutrition International, St.
Louis, MO, USA) containing 20.0% protein, 4.5% fat,
6.3% fiber, 50.2% carbohydrate, and water ad libitum. For
the induction of hyperlipidemia, 24 rats were given an
atherogenic diet purchased from Research Diets, Inc.
(D12492, New Brunswick, NJ, USA) for 5 weeks (Table
1). Six control rats were given normal rodent chow. After
the induction of hyperlipidemia, the rats were divided into
4 groups of 6 rats each and received 5, 25, or 50 mg TRF/
kg BW/day for 1 week through oral administration (0 mg
TRF rats were given vitamin E-stripped corn oil). At the
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end of the treatment, rats in all groups were anaesthetized
and blood drawn by cardiac puncture and heparinized.
Immediately after blood collection the liver were removed
and washed with phosphate buffered saline (PBS). For the
hepatic antioxidant status, 1 g of liver tissue was
homogenized in 10 mL PBS and centrifuged for 10,000×g
for 15 min. The supernatant was removed and stored at
−70oC for analysis.

Lipid profiles and antioxidant status assay in liver and
plasma Plasma triglyceride (TG) and total cholesterol
(TC), high density lipoprotein cholesterol (HDL-C), and
LDL-C were determined using enzymatic assays on an
automated chemistry analyzer (Hitachi 7080; Hitachi,
Tokyo, Japan). The amount of plasma very low density
lipoprotein cholesterol (VLDL-C) was calculated by
subtracting HDL-C and LDL-C from TC. The atherogenic
index (AI) was calculated as (TC−HDL-C)/HDL-C.

The total antioxidant activity (TAA) and catalase (CAT)
activity in plasma and liver supernatant were determined
according to the method of Choi and Lee (15) and Fossati
et al. (17), respectively. As a marker of the lipid peroxidation
product, the hepatic and plasma malondialdehyde (MDA)
contents were measured using an extinction coefficient of
1.56×105/M·cm (18).

Statistical analysis The results were reported as mean±
standard deviation (SD). The significance of differences
among treatment means were determined by one-way
analysis of variance (ANOVA) using SAS version 8.1
(SAS Institute, Cary, NC, USA) with a significance level
of 0.05.

Results and Discussion

Body weight, food intake, and tissue weights Table 2
depicts the effect of tocotrienol-rich fraction (TRF) from
grape seeds on body weight, food intake, and tissue
weights of hyperlipidemic rats. The high fat diet caused a
significant increase in the body, and tissue weight (g) and
relative liver weight (%) of high fat diet (HFD) rats as
compared with the normal diet animals. However, TRF
supplementations (5, 25, and 50 mg/kg BW/day) did not
affect the body and tissue weight gain during this study.

Effects of TRF on plasma lipid profiles in hyperlipidemic
rats There is a growing body of evidence that oxidative
modification of LDL-C may play a significant role in the
development of atherosclerotic lesions (4,5). In this study,
we investigated the dose-dependent hypolipidemic and
antioxidant effects of TRF, a mixture of tocols purified
from grape seeds, in experimentally induced hyperlipidemic
rats.

The plasma lipid levels at the end of the experiment are
shown in Table 3. After 5 weeks of treatment the TG, TC,
and LDL-C concentrations and AI of rats fed a HFD-C
showed significant increase as compared with the rats fed
normal diet. However a decrease of HDL-C concentration
of rats in HFD group was observed. Rats that received an
oral administration of TRF (5, 25, and 50 mg/kg BW/day)
for 1 week had lower concentration of TG and LDL-C and
AI than those of rats that received HFD. Moreover, the
concentration of HDL-C of rats treated with 50 mg TRF
increased as compared with those of rats in HFD group.
Hepatic TC and TG were significantly lower in the 50 and
25 mg TRF groups compared to the HFD group.

The decrease in plasma cholesterol levels was consistent

Table 1. Composition of normal and high fat diets (g%)

Ingredients1) Normal diet High fat diet

Proteins 20.0 26.2

Carbohydrates 50.2 26.3

Fats 04.5 034.92)

Minerals 07.3 05.9

Vitamins 01.5 01.5

Fiber 06.3 06.5

1)Rodent diets were purchased from PMI Nutrition International
(LabDiet®) and Research Diets Inc (D12492) for normal and high
fat groups, respectively. 

2)Fats consist of 9.2% soybean oil and 90.8% lard and the lard con-
tains 0.95 mg cholesterol/g.

Table 2. Changes in body and tissue weights, food intake, and feeding efficiency of rats fed different diets

Normal HFD1) HFD+TRF (50 mg) HFD+TRF (25 mg) HFD+TRF (5 mg)

Initial body weight (g) 220.1±7.4a2) 224.1±5.2a 219.6±5.3a 227.2±8.7a 221.2±3.8a

Final body weight (g) 399.2±29.2b 489.7±39.6a 479.5±43.1a 482.3±39.2a 487.2±43.9a

Daily weight gain (g) 004.3±0.6b 006.3±1.0a 006.2±1.1a 006.1±1.0a 006.3±1.0a

Daily food intake (g) 027.7±1.4a 018.2±0.9b 017.2±0.8b 018.9±1.2b 018.0±1.2b

Feeding efficiency (%)3) 015.4±1.8b 034.8±5.4a 035.9±4.8a 032.0±4.4a 034.9±6.1a

Tissue weight (g)

Epididymal fat tissue 002.5±0.3b 004.9±0.8a 004.7±1.4a 004.8±1.8a 004.6±1.1a

Liver 011.1±1.1b 020.7±3.4a 019.8±2.5a 018.4±1.6a 019.2±2.3a

Kidney 002.7±0.2a 003.1±0.3a 003.0±0.4a 002.9±0.3a 003.0±0.2a

Relative liver weight (%)4) 002.8±0.1c 004.2±0.4a 004.1±0.3ab 003.8±0.2ab 003.9±0.3b

1)HFD, high fat diet.
2)Values are mean±SD from 6 rats (n=6); Different letters in the same row indicate significant difference (by ANOVA and Duncan’s test,
p<0.05).

3)(daily weight gain/daily food intake)×100%
4)(liver weight/final body weight)×100%
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with the results reported in animals and humans (8,9).
Qureshi et al. (19) suggested that the cholesterol-lowering
effect of tocotrienols from rice bran oil were even more
encouraging than the effects of tocotrienols from palm oil
due to the novel tocotrienols. The hypocholesterolemic
properties of TRF may be explained by the mevalonate-
suppressive action of constituent isoprenoid end products
of plant secondary metabolism. Tocotrienols in HepG2
cells post-transcriptionally down-regulate enzymatic activity
of HMG-CoA reductase, a key rate-controlling enzyme in
the biosynthetic pathway of isoprenoids and cholesterol
(20). Khor et al. (9) have also shown that tocotrienols
isolated from palm oil inhibit liver HMG CoA reductase
activity in the guinea pig in a dose-dependent manner.
Moreover, TRF used in this study contains a high portion
of γ-tocotrienol. Experiments in vitro and in vivo indicate
that γ-tocotrienol may be more potent inhibitors of HMG-
CoA reductase than other tocotrienols (13). Alternatively,
stimulation of hepatic apoB degradation by γ-tocotrienol
resulting in a reduced secretion of apoB-containing
lipoproteins, such as LDL-C, may also contribute to the
hypocholesterolemic properties of tocotrienols (12).

Effects of TRF on antioxidant status in hyperlipidemic
rats The hepatic (410.6 unit/g tissue) and plasma (41.2
unit/mL) CAT activity of rats in HFD group was
significantly lower than those of the normal diet group
(911.1 unit/g tissue and 50 unit/mL, respectively) (Table 3).
The oral administration of TRF recovered plasma CAT
activity as compared with HFD group. Moreover, the
MDA levels showed a significant increase in liver (27.9
nmol/g tissue) and plasma (8.4 nmol/mL) of the animals
fed on HFD when compared to the normal diet group (17.0
unit/g tissue and 2.8 unit/mL, respectively). The administration
of TRF in HFD animals significantly decreased the MDA
concentration as a dose-dependent manner. 

The oxidative modification of lipids, particularly oxidation

of LDL-C, has been reported as one of the possible
mechanisms leading to cardiovascular disease (21). The
anti-atherogenic action of antioxidants is commonly linked
to the inhibition of lipoprotein oxidation. The data from our
study clearly indicate that the hyperlipidemic rats also
showed an increase in the levels of lipid peroxides and this
data was consistent with the earlier reports (22,23). Our
study demonstrates that, in addition to lowering cholesterol,
TRF also helps in inhibiting lipid peroxidation in
hyperlipidemic rats. The antioxidant activity of tocopherols
and tocotrienols is originated from their ability to donate
phenolic hydrogens to lipid peroxy radicals (24). Several
investigators reported that tocotrienols have greater
antioxidant activity and protect more efficiently against
some free radical-related diseases than tocopherols (14,24,
25). The present results suggest that TRF supplementation
has significant health benefits through the modulation of
physiological functions that include various atherogenic
lipid profiles and antioxidant status in hyperlipidemia.
Therefore, TRF may be a good source of nutrition and may
provide good health benefits in hyperlipidemia and related
complications.
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