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ABSTRACT
A preliminary in vitro study demonstrated the
significantly greater effectiveness of ascorbic acid in
a citrus extract compared to ascorbic acid alone in
diminishing the production of galacticol in rat lenses
incubated in a high galactose media. Weanling rats
were then given 10% galactose in their drinking water
to induce cataracts. Ascorbic acid with or without
citrus extract was also added to the drinking water of
the experimental groups at 2 different concentrations.
Ascorbic acid alone or in a citrus extract slowed the
development of cataracts in a dose-dependent fashion.
The presence of citrus extract improved the efficacy of
ascorbic acid especially at the lower dose. The
greatest lens concentration of ascorbate was found in
the groups given ascorbate and citrus extract. The
combination of ascorbic acid and citrus extract are
more effective than ascorbic acid alone as a supplement
to increase lens ascorbate and slow down the
progression of galactose cataracts.
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Cataracts, defined as any opacity of the lens (1), are a major
cause of vislon impairment and blindness. Worldwide, at least 50
million people are estimated to have cataracts (2). 1In the U.S.A.
alone, over 200,000 people suffer from cataracts (3). New medical
advances such as surgery and lens replacement have a high degree of
efficacy, but are not available or too expensive for most of the
world's population. Recently, synthetic aldose reductase
inhibitors have been studied for the treatment of diabetic
cataracts. However, these drugs are expensive and sorbinil, the
most studied drug in particular, has considerable side effects (4).

Animal studies using various cataract models have demonstrated

the effectiveness of nutrients in the prevention of cataracts. An
early study showed that a full team of vitamins prevented and
regressed galactose cataracts in rats (5). Vitamin C was found to

be effective in preventing galactose cataracts in guinea pigs (6).
In our laboratory, we have found ascorbic acid to be capable of
both slowing down the progression and speeding up the regression of
galactose-induced cataracts in rats (7).
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The role of bioflavonoids in cataracts has been considerably
less studied. These compounds, which are well-known antioxidants,
have been shown to inhibit aldose reductase prepared from rat
lenses (8) and to delay cataractogenesis in the diabetic degus
animal model (9). Quercetin, applied topically, diminished
galactose cataracts in neonate rats (10). Topical quercetin and
myricetin had an anti-cataract effect in galactosemic rats (11).

In our laboratory, we have demonstrated that ascorbic acid in
the presence of a natural citrus extract containing bioflavonoids
was more absorbed than ascorbate alone in two studies; a long-term
guinea pig supplementation study (12) and a single 500 mg ascorbate
dose in human subjects (13). Therefore, we investigated the
effectiveness of ascorbic acid and a citrus extract using the
galactose-induced rat cataract model.

MATERIALS AND METHODS

Citrus Extract

Citrus Extract (CE) was a commercial tan powder which was made
from an alcohol/water extract of orangette (Grow Re-Natured

Vitamin C in Citrus Extract Media). This contained 10.0%
bioflavonoids (naringin, naringenin and hesperidin), 25.1% ascorbic
acid and a minimum of 15% proteins and 30% carbohydrates. High

resolution NMR and second derivative UV spectroscopy demonstrated
that the ascorbic acid was bound or associated with the matrix
(unpublished results).

In Vitro Study

Lenses were enucleated from adult, male Sprague-Dawley rats.
They were immediately added to 4.5 ml of an isotonic M199 medium
(Sigma Chemical Co., St. Louils, MO) containing 55.5 mM galactose
and 0.8 ml of fetal calf serum (Sigma Chemical Co.). Each group
had 3 lenses. The control group had no added ascorbate and the
experimental groups had either 0.1 mg ascorbate/100 ml of medium or
0.4 mg citrus extract which contained 0.1 mg ascorbate plus
0.04 mg of bioflavonoids/100 ml of medium. Lenses were incubated
for 48 hours at 37°C in a 95% air/5% CO, atmosphere. They were
then removed and homogenized in 3 ml of a 10% trichloroacetic acid
solution and an aliquot taken for colorimetric analysis of
galacticol (14).

Supplementation Study

Male weanling Sprague Dawley rats were divided into 6 groups
of 5 animals. All rats received Purina Laboratory Chow ad libitum.
The blank group received distilled water for drinking. The control
and experimental groups received 10% galactose 1in distilled water
alternating with distilled water every other day. The Low AA group
received 0.1 g ascorbate/liter of water containing galactose. The
High AA group received 1.0 g ascorbate/liter. The Low CE group
received 0.4 g of citrus extract which contained 0.1 g of ascorbic
acid and 0.04 of bioflavoncids/liter. The High CE group received
4.0 g of citrus extract, which contained 1.0 g of ascorbate and
0.4 g of bioflavonoids/liter. All ascorbate and citrus extract
solutions were freshly prepared each day of use. Each plastic cage
contained 5 animals which were allowed to drink as a group a
maximum of 200 ml of water/day which was a full container. Thus,
assuming 40 ml of water/animal, the animals received an average of






