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In a previous study, a flavonoid-rich extract of Hypericum perforatum L. (FEHP) was prepared and
its antioxidant activity was determined by a series of models in vitro. In this study, the hypocholes-
terolemic effects of FEHP in rats fed a cholesterol-rich diet were tested. Forty Wistar rats fed a standard
laboratory diet or a cholesterol-rich diet for 16 weeks were used. The serum lipid levels, as well as
malondialdehyde (MDA) and activity of superoxide dismutase (SOD) and catalase (CAT) in serum
and liver, were examined. Cholesterol-rich diet induced hypercholesterolemia was manifested in the
elevation of serum lipid levels such as total cholesterol (TC), total triglycerides (TG), and low density
lipoprotein cholesterol (LDL-C). Administration of middle-dose (75 mg/kg of BW/day) and high-dose
(150 mg/kg of BW/day) FEHP significantly lowered the serum levels of TC, TG, and LDL-C, while
increasing the serum level of high density lipoprotein cholesterol (HDL-C). Also, the content of MDA
in serum and liver decreased significantly after oral administration of FEHP compared with those of
rats fed a cholesterol-rich diet. In addition, FEHP increased the activity of SOD in serum and liver,
but the activity of CAT was significantly elevated only in liver. These results suggested that the
hypocholesterolemic effects of FEHP might be due to its abilities to lower serum TC, TG, and LDL-C
levels as well as to slow the lipid peroxidation process and to enhance the antioxidant enzyme activity.

KEYWORDS: Hypericum perforatum L.; flavonoids; hypocholesterolemic; serum lipid levels; malondi-
aldehyde; antioxidant enzymes

INTRODUCTION the effectiveness of flavonoids for the prevention and treatment
of atherosclerosis (9—11).

Flavonoi in hree-ring str r ntaining tw: . .
avonoids, possessing a three-ring structure containing two Hypericum perforatunk.. (HPL) has been used traditionally

romatic (A and B rin nd a central oxygenated heterocycli - -
aro ¢ (Aand gs) and a central oxyge € erocycic as an antidepressant for the treatment of mild to moderate

moiety (C ring), are polyphenolic compounds, and they dis- . . !
tribute widely in the plant kingdom. Over 8000 individual d€Pression2,13). Phytochemical analysis of HPL shows that
t is a rich source of flavonoids, and much of its antioxidant

compounds of flavonoids have been described to date, and thelactivities are attributed to these compounds. However, research
number is constantly increasing (2). Flavonoids have been P : ’

reported to exhibit a wide range of biological effects such as on this plant has focussed mainly on its antidepressant activity.

anti-inflammatory activity and antiallergenic, antiviral, anticar- lner?grraﬁ:ﬁ:ﬂo?:;:g;m;sﬂ?\éo2?;%’2% ﬁ;(t;?](t:itos;%r;irt";%?vi "
cinogenic, and cardioprotective action (3—5). p ’ prep y

Ath | s the principal ib h h . was determined by a series of models in vittd). Therefore,

¢ L erosg.eqossdt N pé'”‘;'Paf contri gtoLtot N paL ogenes]Ls in the present study, we investigated the hypocholesterolemic
of myocardial and cerebral infarction, is known to be one of  gfects of this flavonoid-rich extract by observing its effects on
the leading causes of morbidity and mortality worldwid®.

. ; serum lipid levels and antioxidant enzyme activity in rats fed a
Elevated plasma concentration of cholesterol, especially low- cholesterol-rich diet.
density lipoprotein (LDL), is recognized as a leading cause in
the development of atherosclerosi’. Epidemiological studies
have revealed an association between increased consumptiof/ATERIALS AND METHODS
of antioxidant-rich vegetables and fruits and a decreased risk  preparation of FEHP. FEHP was prepared frontypericum
of coronary heart disease (CHDg)( Flavonoids from various  perforatumL. as previously reported (14).
sources have been reported to prevent LDL oxidation in Vitro  animals and Diets. Forty male Wistar rats weighing 125 6 g at
and show markedly hypolipidemic activity in vivo, suggesting the beginning of this study was purchased from Shanghai Laboratory
Animal Center of Chinese Academy of Sciences (Shanghai, China).

*To whom correspondence should be addressed. Telephone: 86-021-A” of the rats were initially fed a standard laboratory diet (Shanghai

64252981. Fax: 86-021-64250068. E-mail: dzhwei@ecust.edu.cn (D.W.); Laboratory Animal Center; the diet compositions are showahle
luyanhua@ecust.edu.cn (Y.L.). 1) for at least 7 days after delivery to our laboratory in order to accustom
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the rats to our experimental conditions. After 1 week of acclimatization, Days of Treatment
the rats were randomly divided into five experimental groups. They _ S ) .
were housed identically in polypropylene cages (four in each cage) in Figure 1. pany_ diet _mtake of rats fed _standa_rd laboratory diet or
an air-conditioned room (24 2 °C) under a 12 h light/12 h dark cycle cholesterol-rich diet durlng_the 16-week feeding period. NG, normal group;
with free access to food and water. Water was allowed ad libitum. The HCG, hypercholesterolemic group; LDG, low-dose FEHP treated group
rats in the control group were fed a standard laboratory diet (normal (25 mg/kg of BW/day); MDG, middle-dose FEHP treated group (75 mg/
group, NG); the rats in the hypercholesterolemic group were fed a kg of BW/day); HDG, high-dose FEHP treated group (150 mg/kg of BW/
cholesterol-rich diet (hypercholesterolemic group, HCG). At the same day). Values are expressed as means + SD of eight rats per group.
time, the rats in three other groups were treated with FEHP at a dose

of 25 mg/kg of body weight (BW)/day (low-dose FEHP treated group, 450
LDG), 75 mg/kg of BW/day (middle-dose FEHP treated group, MDG), i T :G b
and 150 mg/kg of BW/day (high-dose FEHP treated group, HDG) while i Lf)g T 4{—'
being fed the cholesterol-rich diet. FEHP was dissolved in water and 350 v MDG /.'V" I
given orally to rats by an orogastric tube. During the 16 weeks feeding C. HDG //._/L
period, all animals used were handled according to the guidelines of ) ﬁry
the Chinese government for the care and use of laboratory animals. 2 250+ /,E/
Measurement of Body Weight and Serum Lipid Levels.Diet = i iy
intake was measured daily and body weight (BW) was recorded before - iR /
the start of the treatment and every 1 week. After the rats were deprived 1504 .
of food overnight, blood samples were collected from the venous plexus 4
of fundus of eyes and centrifuged at a speed of 4d@0min, 4°C) to 100+
obtain serum. Serum was stored-a80 °C until serum lipids were 0 20 40 60 80 100 120

analyzed. Concentrations of total cholesterol (TC), total glycerides (TG), Diivs of Treatmient

and high density lipoprotein cholesterol (HDL-C) in serum were _ ’ .

determined by enzymatic colorimetric methods using commercial kits F_|gure_2. Grpwth curves of rats fed_standard laboratory diet or cholesterol-

(Shanghai Rongsheng Biotech. Co. Ltd., Shanghai, China). Low density fich diet during the 16-week feeding period. NG, normal group; HCG,

lipoprotein cholesterol (LDL-C) was accomplished according to the hypercholesterolemic group; LDG, low-dose FEHP treated group (25 mg/

procedures outlined earlier (15). kg of BW/day); MDG, middle-dose FEHP treated group (75 mg/kg of BW/
Evaluation of Malondialdehyde (MDA) and Enzyme Activity in day); HDG, high-dose FEHP treated group (150 mg/kg of BW/day). Values

Serum and Liver. At the end of 16 weeks, the rats were sacrificed by are expressed as means + SD of eight rats per group.

cervical dislocation. The livers, kidneys, and spleens were rapidly

removed, cleaned of adhering matters, blotted on filter paper, and 4.0+
weighed. The organ:BW was calculated and expressed as percentage. 15 )
The livers were homogenized with ice-cold saline (1:10, w/v), and the ’ T‘G‘ .
homogenates were centrifuged (49020 min, 4°C).The homogenate 3.0 Eég
supernatants were analyzed for MDA and activity of antioxidant ~ MDG
enzymes such as superoxide dismutase (SOD) and catalase (CAT) using o 251 = HDG
commercial kits (Nanjing Jiancheng Bioengineering Institute, Nanjing, Z 50
China). The protein content of supernatants was determined by the 2
method of Lowry et al. (16). g 1.5

Statistical Analysis. The data were expressed as the mean g 1.04
standard deviation (SD) of eight rats in each group, and statistical ’
comparisons were made with Student’s t@stalues of<0.05 were 0.5
considered to be significant. - _ % )
RESULTS Liver Kidney Spleen

The daily diet intake of the rats did not differ among the Figure 3. Ratios between organs (liver, kidney, spleen) and body weight
groups during the feeding period (Figure 1). In addition, there of rats fed standard laboratory diet or cholesterol-rich diet for 16 weeks.
was no significant difference in body weight among rz;lts fed BW, body weight; NG, normal group; HCG, hypercholesterolemic group,
the standard laboratory diet and rats fed the cholesterol-rich diet-DG: low-dose FEHP treated group (25 mglkg of BW/day); MDG, middle-

(Figure 2). As shown inFigure 3, the ratios between organs dose FEHP treated group (75 mg/kg of BW/day); HDG, high-dose FEHP
(liver, kidney, spleen) and body weight did not show any treated group (150 mg/kg of BW/day). Values are expressed as means

significant difference among the groups at the end of the % SD of eight rats per group.

experiment. not shown).Figure 4 shows the serum lipid levels at the end
According to the statistical evaluation, at the beginning of of the experiment. After 16 weeks of feeding, the TC, TG, and

this study, all experimental groups did not differ from the normal LDL-C concentrations of rats in HCG showed a significant

group in serum lipid concentrationg ¢ 0.05 in all cases, data  increase compared with those of rats fed the standard laboratory
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Figure 4. Effects of FEHP on serum lipid levels of rats fed cholesterol-rich diet for 16 weeks. FEHP, flavonoid-rich extract of Hypericum perforatum L.,
NG, normal group; HCG, hypercholesterolemic group; LDG, low-dose FEHP treated group (25 mg/kg of BW/day); MDG, middle-dose FEHP treated
group (75 mg/kg of BW/day); HDG, high-dose FEHP treated group (150 mg/kg of BW/day); TC, total cholesterol; TG, total glycerides; LDL and HDL are
low- and high-density lipoprotein; Al, atherogenic index, Al = LDL-C/HDL-C. Values are expressed as means + SD of eight rats per group. Bars not
sharing common letter superscripts are significantly different (p < 0.05).
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Figure 5. Effects of FEHP on MDA level in serum and liver of rats fed cholesterol-rich diet for 16 weeks. FEHP, flavonoid-rich extract of Hypericum
perforatum L.; MDA, malondialdehyde; NG, normal group; HCG, hypercholesterolemic group; LDG, low-dose FEHP treated group (25 mg/kg of BW/day);
MDG, middle-dose FEHP treated group (75 mg/kg of BW/day); HDG, high-dose FEHP treated group (150 mg/kg of BW/day). Values are expressed as
means + SD of eight rats per group. Bars not sharing common letter superscripts are significantly different (p < 0.05).

diet (p < 0.01). However, a decrease of HDL-C concentration ~ As shown in Figure 5, when serum and liver MDA

of rats in HCG was observeg (< 0.05). Rats orally treated  concentrations of rats in HCG were compared with those
with FEHP had lower concentrations of TC, TG, and LDL-C obtained from NG, a significant increase was observed. On the
than those of rats in HCG, and the serum lipid level reducing other hand, the middle dose and high dose of FEHP-treated rats
activity increased more as the oral dose increased; in particular,showed a remarkable decrease in the concentration of MDA in
the administration of FEHP at doses of 75 and 150 mg/kg of serum and liver as compared with the rats fed the cholesterol-
BW/day reduced the TC, TG, and LDL-C levels by 23.6%, rich diet.

46.3%, 29.9%, and 34.7%, 29.5%, 57.0%, respectively. Al- SOD activity and CAT activity in serum and liver after
though the concentration of HDL-C in FEHP-treated rats never treatment with the cholesterol-rich diet and FEHP for 16 weeks
exceeded that of rats fed the standard laboratory diet, theare illustrated inFigure 6. Serum and liver SOD and CAT
concentration of HDL-C of rats in MDG and HDG increased activities of rats in HCG were significantly lower than those of
significantly compared with those of rats in HC@ € 0.05). rats in NG. Oral administration of middle dose and high dose
The atherogenic index (Al) was significantly reduced in a dose- of FEHP significantly increased the SOD activity compared with
dependent manner by orally administrating FEHP. those of rats fed the cholesterol-rich diet. Also, the hepatic CAT
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Figure 6. Effects of FEHP on antioxidant enzyme activity in serum and liver of rats fed cholesterol-rich diet for 16 weeks. FEHP, flavonoid-rich extract
of Hypericum perforatum L.; SOD, superoxide dismutase; CAT, catalase; NG, normal group; HCG, hypercholesterolemic group; LDG, low-dose FEHP
treated group (25 mg/kg of BW/day); MDG, middle-dose FEHP treated group (75 mglkg of BW/day); HDG, high-dose FEHP treated group (150 mg/kg
of BW/day). Values are expressed as means + SD of eight rats per group. Bars not sharing common letter superscripts are significantly different (p <
0.05).

activity of rats in MDG and HDG significantly increased the serum TG level. This reduction might be related to the
compared with that of rats in HCG by 73.2% and 81.7%, decreased triglyceride adsorption as well as increased excretion
respectively, while the activity of CAT in serum was not of TG via feces. A similar result was obtained by Shukla et al.
influenced by the presence of FEHP since there was no (21).

significant difference between rats in HCG and rats treated with |t is widely accepted that elevations in plasma LDL are major
FEHP. risk factors for CHD 7). The relationship between LDL and
atherosclerosis and the suggestion that the pathological process
could be reversed by reducing the serum LDL have been
reported by other researche®®). When there is excessive LDL

in the blood, it is deposited in the blood vessel walls and
becomes a major component of atherosclerotic plaque lesions.
In our study, the high concentration of LDL-C induced by
hypercholesterolemia was significantly reduced by orally ad-
ministrating FEHP. Our results indicated that FEHP might be
a candidate for the treatment of atherosclerosis by lowering

DISCUSSION

In our study, Wistar rats fed a cholesterol-rich diet for 16
weeks were used to study the effects of FEHP on serum lipid
levels and antioxidant enzyme activity in serum and liver. The
cholesterol-rich diet contained sodium cholate, which is reported
to improve the adsorption and accumulation of cholesterol in
vivo, and propylthiouracil, which can inhibit the synthesis of
thyroxin and reduce the consumption of lipidsry.

The results of the diet intake, growth, and ratios between
organs and BW after 16-week feeding showed no significant serum LDL'?' ] o
difference among all groups, suggesting that neither the Another risk _factor for dg_veloplng atherqscleross is the
cholesterol-rich diet nor FEHP had an adverse effect on the reduced HDL, since HDL facilitates translocation of cholesterol
growth of rats. The rats in HCG had higher concentrations of from peripheral tissue like arterial walls to liver for catabolism.
TC, TG, and LDL-C in serum than those of NG, indicating that The increase in HDL may slow the atherosclerosis p_ro@s (
the hypercholesterolemic model was successfully established Our results showed that the FEHP-supplemented diet increased

Most of cholesterol is an essential structure element of the concentration of serum HDL-C when compared with the
biological membranes, the rests is transited through blood or cholesterol-rich diet, even though FEHP failed to increase serum
functions as the starting material for the synthesis of bile acid, HPL-C level to the normal level. Atherosclerotic index (Al),
steroid hormones, and vitamin D. However, increased concen-defined as the ratio of LDL-C and HDL-C, is believed to be an
tration of serum cholesterol increases the risk of developing important risk factor of atherosclerosis. Since LDL-C was
CHD (18). The present study demonstrated that rats fed a_significantly suppressed and administrgtin_g' FEHP resulted in
cholesterol-rich diet showed a higher concentration of serum increased HDL-C, the value of Al was significantly decreased.
TC compared with rats fed a standard laboratory diet, while This decrease in Al was another positive change after FEHP
oral administration of FEHP reduced the high level of TC. The treatment.
reduction of TC induced by FEHP might be attributed to its MDA, the product of lipid peroxidation, which reacts with
inhibition of HMG CoA reductase activity or increased excretion thiobarbituric acid and forms a red compound that shows
of fecal bile acid and cholesterol. Although we did not determine maximum absorbance at 53835 nm, is an index of the level
the activity of HMG CoA reductase and the output of feces, of oxygen free radicals. A decrease in lipid peroxidation leads
similar effects were observed in flavonoids from other sources to the reduction of atherosclerosis caused by hypercholester-
(19). Davignon et al. have reported that decreased plasma TGolemia (24). The content of MDA in rats fed the cholesterol-
concentration was associated with a lower risk of CHID)( rich diet was elevated 2 times than that of rats fed the standard
In our study, the consumption of FEHP could significantly lower laboratory diet, suggesting that hypercholesterolemia could
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enhance the process of lipid peroxidation. A possible explanation
may lie in the finding that hypercholesterolemia could elevate
the cholesterol content of platelets, polymorphonuclear cells,
leukocytes, and endothelial cells. This initiates a series of
reactions, which may lead to the generation of oxygen free
radicals, thus speeding up the course of lipid peroxidation (25,
26). Our results demonstrated that oral administration of FEHP
prevented the cholesterol rich diet induced elevation of MDA
and resulted in a significantly decreased content of MDA in
both serum and liver. The ability of FEHP to suppress the lipid
peroxidation may partially be attributed to the antiradical
activities of the flavonoid components known to act by free
radical scavenging or chain-breaking mechanisi®).(The

obtained data suggested that FEHP might be capable of lowering

or slowing down oxidative-stress-related lipid peroxidation.
A cholesterol-rich diet brings about remarkable modifications

in the antioxidant defense mechanisms. Studies have shown that
hypercholesterolemia diminishes the antioxidant defense system

and decreases the activity of SOD and CAT, thus elevating the
lipid peroxide content (27). In the present study, the activities
of SOD and CAT in serum and liver of rats in HCG were
significantly decreased compared with those of rats in NG.
Administration of FEHP to the rats fed the cholesterol-rich diet
significantly elevated the activities of SOD in serum and liver
by 31.6%, 39.3%, and 30.5%, 38.0% at doses of 75 and 150
mg/kg of BW/day, respectively. Those results suggested that
FEHP could improve the efficiency of superoxide anion to
hydrogen peroxide due to the increased SOD activity, which
catalyzes dismutation of superoxide anion into hydrogen
peroxide. FEHP also increased the activity of CAT in liver,
which in turn detoxifies hydrogen peroxide and converts lipid
hydroperoxides to nontoxic substances.

In conclusion, the present study demonstrated that FEHP had
very pronounced hypocholesterolemic effects. It could signifi-
cantly lower the concentrations of serum TC, TG, and LDL-C,
and elevate the serum HDL-C level. It decreased the content of
MDA in serum and liver, while it also significantly increased
the activity of SOD both in serum and in liver and the activity
of CAT in liver. These results suggest that the hypocholester-
olemic effects of FEHP might be due to its abilities to lower
serum TC, TG, and LDL-C levels as well as to slow the lipid
peroxidation process and to enhance the antioxidant enzyme
activity.

ACKNOWLEDGMENT

We gratefully acknowledge the technical help of Prof. Liu
Jianwen and Tao Xinyi.

LITERATURE CITED

(1) Le Marchand, L. Cancer preventive effects of flavonoids—a
review. Biomed. Pharmacothe2002,56, 296—301.

(2) Pietta, P.-G. Flavonoids as AntioxidanisNat. Prod.2000,63,
1035—-1042.

(3) Knekt, P.; Jarvinen, R.; Seppanen, R. Dietary flavonoids and
the risk of lung cancer and other malignant neoplashms. J.
Epidemiol.1997,146, 223—30.

(4) Hanasaki, Y.; Ogawa, S.; Fukui, S. The correlation between
active oxygens scavenging and antioxidative effects of fla-
vonoids.Free Radical Biol. Med1994,16, 845—850.

(5) Bok, S. H.; Lee, S. H.; Park, Y. B.; Bae, K. W.; Son, K. H.;
Jeong, T. S.; Choi, M. S. Plasma and hepatic cholesterol and

Zou et al.

(6) Aygustin, J.; Dwyer, J. Coronary heart disease: dietary ap-
proaches to reducing risk.op. Clin. Nutr.1999,10, 1-3.

(7) Bbrliner, J. A.; Hetnecke, J. W. The role of oxidized lipoproteins
in atherogenesidzree Radical Biol. Med1996,20, 707—727.

(8) Ness, A. R.; Powles, J. W. Fruits and vegetables, and cardio-
vascular disease: a reviemt. J. Epidemiol.1997,26, 1-13.

(9) Dufull, K. G.; Ngadjui, B. T.; Simeon, K. F.; Abegaz, B. M.;
Croft, K. D. Antioxidant activity of prenylated flavonoids from
the west African medicinal plarfDorstenia mannii. J. Ethno-
pharmacol.2003,87, 67-72.

(10) Yokozawa, T.; Nakagawa, T.; Kitani, K. Antioxidative activity
of green tea polyphenol in cholesterol-fed ratsAgric. Food
Chem.2002,50, 3549—3552.

(11) Koshy, A. S.; Anila, L.; Vijayalakshmi, N. R. Flavonoids from
Garcinia campogirlower lipids levels in hypercholesterolemic
rats.Food Chem2001,72, 289—294.

(12) Greeson, J. M.; Sanford, B.; Moni, D. A. St. John’'s Wort
(Hypericum Perforatum a review of the current pharmacologi-
cal, toxicological, and clinical literaturd2sychopharmacology
2001,153, 402—414.

(13) Barnes, J.; Anderson, L. A.; Phillipson, J. D. St. John’s wort
(Hypericum perforatunt..): a review of its chemistry, pharma-
cology and clinical properties. Pharm. PharmacolR001,53,
583—-600.

(14) Zou, Y. P.; Lu, Y. H.; Wei, D. Z. Antioxidant activity of a
flavonoid-rich extract oHypericum perforatuni. in vitro. J.
Agric. Food Chem2004,52, 5032—5039.

(15) Friedwald, W. T.; Levy, R. |.; Fradrickson, D. S. Estimation of
concentration of low-density lipoprotein cholesterol in plasma
without the use of preparative ultracentrifu@din. Chem1972
18, 494—-502.

(16) Lowry, O. H.; Rosebrough, N. J.; Farr, A. L.; Randall, R. J.
Protein measurement with Folin phenol reagénBiol. Chem.
1951,193, 265—275.

(17) Liu, J. W.; Ji, G.; Wei, D. ZMethodology in pharmacological
experiment: new techniques and new methisised.; Chemical
Industry Press: Beijing, China, 2003.

(18) Libby, P.; Aikawa, M.; Schonbeck, U. Cholesterol and athero-
sclerosis Biochim. Biophys. Act2000,1529, 299—309.

(19) Yang, T. T. C.; Koo, M. W. L. Chinese green tea lowers
cholesterol level through an increase in fecal lipid excretidfe.
Sci.2000,66, 411—423.

(20) Davignon, J.; Cohn, J. S. Triglycerides: A risk factor for coronary
heart diseaséAtherscolerosisl996,124 (suppl), S57—S64.

(21) Shukla, R.; Gupta, S.; Gambhir, J. K.; Prabhu, K. M.; Murthy,
P. S. Antioxidant effect of aqueous extract of the barlkicius
bengalensisn hypercholesterolemic rabbit$. Ethnopharmacol.
2004,92, 47-51.

(22) Ross, R. Update on atherosclerodisture 1993, 362, 801—
809.

(23) Nofer, J. R.; Kehrel, B.; Fobker, M.; Levkau, B.; Assmann, G.;
Eckardstein, A. V. HDL and atherosclerosis: beyond reverse
cholesterol transporétherosclerosi002,161, 1-16.

(24) Yokozawa, T.; Ishida, A.; Cho, E. J.; Nakagawa, T. The effects
of Coptidio Rhizomaxtract on a hypercholesterolemic animal
model. Phytomedicin€2003,10, 1722.

(25) Stuart, M. J.; Gerrard, J. M.; White, J. G. Effect of cholesterol
on production of thromboxane B2 by platelets in vitkh.Engl.

J. Med.1980,302, 6-10.

(26) Manal, F. I.; Mohamed, Z. G.; Mohamed, A. H. Study of the
hypolipidemic properties of pectin, garlic and ginseng in
hypercholesterolemic rabbitBharmacol. Res1999,39, 157—
166.

(27) Anila, L.; Vijayalakshmi, N. R. Antioxidant action of flavonoids
from Mangifera Indicaand Emblica Officimalisin hypercho-
lesterolemic ratsFood Chem2003,83, 569—574.

hepatic activities of 3-hydroxy-3-methyl-glutaryl-CoA reductase  poceived for review September 13, 2004. Revised manuscript received
and acyl CoA:cholesterol acyltransferase are lower in rats fed January 18, 2005. Accepted January 25, 2005

citrus peel extract or a mixture of citrus bioflavonoids Nutr.
1999,129, 1182—-1185.

JF048469R



