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A Citrus Extract plus Ascorbic Acid Decreases Lipids, Lipid
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A citrus extract containing flavonoids and ascorbic acid was used as a supplement to investigate its
effect on lipids in hypercholesterolemic hamsters. Ascorbic acid or the flavonoids were without
effect except that ascorbate did significantly raise HDL. After 1 month of feeding, the citrus extract
plus ascorbic acid synergistically caused a significant reduction of 77%, 66%, and 40% in plasma
total cholesterol, LDL + VLDL, and triglycerides, respectively, in comparison to the control group.
The extract was also a synergistic inhibitor of in vitro cupric ion LDL + VLDL oxidation compared
with ascorbic acid or the flavonoids alone. In a second 10-week hamster study, citrus extract plus
ascorbate also significantly lowered plasma lipids, lipid peroxides, and ex vivo LDL + VLDL
oxidizability vs a control group. Citrus extract plus ascorbate strongly inhibited atheroselerosis,
and there was a significant correlation between several indices of oxidative susceptibility and

atherosclerosis.
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INTRODUCTION

The importance of hypercholesterolemia, or, more
specifically, an elevated low-density lipoprotein (LDL)
cholesterol concentration, as a major risk factor for the
development of ischemic heart disease is widely ac-
cepted. There are several classes of synthetic drugs that
are effective hypocholesterolemic agents. The cost and
potential side effects of these drugs have led many
people to search for natural substances to lower cho-
lesterol.

Within the last several years, the oxidative theory of
atherogenesis (Steinberg et al., 1989) has provided
another avenue of therapy using antioxidants. In brief,
it states that lower density lipoproteins (Iow-density
lipoprotein, LDL, and very low-density lipoprotein,
VLDL) oxidized in vivo lead to foam cell production and,
ultimately, atherosclerosis. If this hypothesis is correct,
then antioxidants should protect lipoproteins against
oxidative modification and reduce the biological conse-
quences. Antioxidant phenols such as probucel and
tocopherol (vitamin E) have been found to be effective
in animal models of atherosclerosis. These compounds
incorporate into LDL and decrease ex vivo LDL oxidiz-
ability in animals and humans (Jackson et al., 1993).
Vitamin E has been recently shown to inhibit athero-
sclerosis in the vitamin E-deficient moderately hyper-
cholesterolemic hamster without affecting cholesterol.
Indeed the aortic lesion size was inversely correlated
with plasma tocopherol content (Parker et al., 1995).

Vitamin C, ascorbic acid, is a well-known antioxidant.
In plasma it is the major chain-breaking antioxidant
against free radicals and protects LDL from oxidation
in vitro although it does not bind to LDL (Retsky et al.,
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1993) and has no effect on atherosclerosis in the vitamin
E-deficient hypercholesterolemic hamster (R. Parker,
personal communication). Plasma ascorbate concentra-
tions, however, have been inversely correlated with
human coronary disease mortality (Gey, 1987).

Flavoneids are a class of some 4000 phenolic com-
pounds that occur ubiquitously in plant foods (0.5—1.5%)
and are thus important constituents of the human diet
(Harborne, 1988). In general, leaves, flowers, and fruit
contain flavonoid glycosides, woody tissues contain
aglycones, and seeds may contain either. We have
shown these compounds to be powerful antioxidants
against cuprie ion-induced in vitro LDL + VLDL oxida-
tion (Vinson et al., 1995a) and also to bind to these low-
density lipoproteins (Vinson et al., 1995c). A recent
Duteh and seven countries epidemiology study has
shown increased dietary flavonoid intake to significantly
reduce deaths from heart disease (Hertog et al., 1993a,
1995). Recent evidence has shown that these com-
pounds are absorbed in humans from foods (Hollman
et al., 1995) and quercetin, a ubiquitous flavonoid, was
absorbed in rats (Manach et al., 1995).

There is ample evidence that consumption of fruits
and vegetables is protective against heart disease (Ames
et al., 1993). Citrus fruits in contrast to many other
foods provide both vitamin C and flavonoids. The
present study is designed to examine both the antioxi-
dant and lipid-lowering efficacy of a natural ascorbate-
and flavonoid-containing citrus extract with both normal
hamsters and a hamster model of heart disease.

MATERIALS AND METHODS

Materials. Citrus extract CEC is a light brown powder
containing a 30% alcohol—water extract of whole dry ripe
citrus fruit, bitter orange Citrus aurantium. The milled fruit
is extracted 4 times with solvent with 24 h agitation. The
solvent is then removed by low vacuum-drying at 60 °C. The
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