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Abstract The aim of this study was to investigate effects of onion, red onion, or quercetin on plasma antioxidant vitamin,
lipid peroxidation, and leukocyte DNA damage in rats fed a high fat-cholesterol diet. Forty SD male rats were assigned to
normal control, high fat-cholesterol diet (HF), or HF+5% onion powder, HF+5% red onion powder, or HF+0.01% quercetin.
The HF diet resulted in significantly higher plasma lipid peroxidation which decreased with onion, red onion, or quercetin
supplementation. Leukocyte DNA damage induced by HF diet decreased significantly in rats fed onion and red onion, while
quercetin supplementation had no effect on preventing leukocyte DNA damage. H,O, induced leukocyte DNA damage
exhibited a highly significant negative correlation with plasma retinol and tocopherols. These results suggest that onion or red
onion powder exerts a protective effect with regard to DNA damage in rats fed HF diet. However, 0.01% quercetin in pure

form might not be effective at preventing DNA damage.
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Introduction

Oxidative stress is known to cause oxidative damage to
macromolecules such as DNA and lipids. Lipid peroxidation
and oxidized DNA bases are considered important biological
markers for carcinogenesis (1-3).

Vegetable and fruit intake is associated with a reduced
risk of cancer and cardiovascular disease (4). Onion
(Allium cepa L.) is one of the most widely used edible
vegetables as a medicinal plant in the world (5). It is
recognized as an important source of valuable phytonutrients
such as flavonoids, fructooligosaccharides, thiosulfinates,
and other sulphur compounds (6). In recent in vitro and
animal experiments, onion exerts antioxidative, antidiabetic,
and anticarcinogenic effects (5,7,8). The major flavonoid
found in onion is quercetin, which is found in the plant
structures below the surface (9). The protective effects of
flavonoids in biological systems are ascribed to their capacity
to transfer free radical electrons, chelate metal catalysts
(10), activate antioxidant enzymes (11), and reduce -
tocopherol radicals (12). Quercetin scavenged oxygen free
radicals (HyO,, O,7) and significantly inhibited lipid
peroxidation of liver in a Fe?" induced lipid peroxidation
model (13). The biologically active fractions from onion
are highly inhibitory toward angiotensin converting enzyme
(14). Onions have clearly higher radical scavenging
activities than garlic, with red onion having more activity
than yellow onion (15). Quercetin and its dimeric form
show high antioxidant activity which is comparable to that
of a-tocopherol (16).
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Recently, many people in Korea have begun to use onion
as a nutraceutical food in powder or pill form because of its
functional properties. However, little is known about the
protective effects of onions with regard to lipid oxidation
and genotoxic effects following its supplementation in
various forms.

Therefore, the objective of this study was to evaluate the
effects of onion powder, red onion powder, and quercetin
on plasma antioxidant vitamin levels, lipid peroxidation,
and leukocyte DNA damage in rats fed a high fat-
cholesterol diet.

Materials and Methods

Reagents Casein, mineral mixture, and vitamin mixture
were obtained from ICN Pharmaceuticals Inc. {Costa
Mesa, CA, USA). Corn starch was obtained from Daesang
Co. (Seoul, Korea) and corn oil and lard were obtained
from Cheiljedang Co. (Seoul, Korea) and Shinhan Oil Co.
(Gosung, Korea), respectively. Cyclohexane was purchased
from Merck (Whitehouse Station, NJ, USA) and all other
chemicals were purchased from Sigma-Aldrich (St. Louis,
MO, USA).

Sample preparation and analysis Onion samples (green
and red) were collected from the Changnyeong area and
prepared by washing the skin after peeling, slicing, and
chopping to the desired size, freezing, drying, and grinding
them to a powder fine enough to pass through a #40 mesh.
For analysis of quercetin, sample (1 g) was extracted with
50 mL of 80% methanol for 24 hr and filtered through a
0.45-pm filter. The high performance liquid chromatpgraphy
(HPLC) condition for quercetin analysis was as follows,
4.6x250 mm id., Spherisorb ODS-2 (Altech Asso.,
Deerfoeld, 1L, USA) 5 um phase; solvent, 80% phosphate
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Table 1. Experimental diet composition (g/kg)

J -H Parket al.

Control” HF HF+O HF+RO HF+Q
Casein 150 150 150 150 150
Corn starch 576 548 498 498 548
Sucrose 100 100 100 100 100
Corn oil 60 60 60 60 60
Soybean oil 40 40 40 40 40
Lard - 40 40 40 40
Cholesterol - 10 10 10 10
Cellulose 25 - - - -
Mineral mixture? 35 35 35 35 35
Vitamin mixture® 10 10 10 10 10
Choline chloride 2 2 2 2 2
DL-Methionine 1.8 1.8 1.8 1.8 1.8
Na-Taurocholate - 3 3 3 3
Onion powder - - 50 - -
Red onion powder - - 50 -
Quercetin - 0.1
BHT 0.01 0.01 0.01 0.01 0.01
Total 1000 1000 1000 1000 1000

DControl, AIN 93 based control diet group; HF, high fat-cholesterol diet group; HF+O, HF+5% onion powder group; HF+RO, HF+5% red onion

powder group; HF+Q, HF+0.01% quercetin group.

DAIN 93 mineral mixture contained (in g/kg of mixture), calcium phosphate, dibasic 500; sodium chloride 74; potassium citrate, monohydrate
220; potassium sulfate 52; magnesium oxide 24; manganous carbonate (43-48% Mn) 3.5; ferric citrate (16-17% Fe) 6; zinc carbonate (70%
Zn0) 1.6; cupric carbonate (53-55% Cu) 0.3; potassium iodate 0.01; sodium selenite 0.01; chromium potassium sulfate 0.55; sucrose, finely

powdered 118.03.

9AIN 93 vitamin mixture contained (in g/kg of mixture): thiamine HCI 0.6; riboflavin 0.6; pyridoxine HCl 0.7; niacin 3; d-calcium pantothenate
1.6; folic acid 0.2; d-biotin 0.02; cyanocobalamin (vitamin B,) 0.001; dry vitamin A palmitate (500,000 U/day) 0.8; dry vitamin E acetate (500
Ulday) 10; vitamin D trituration (400,000 U/g) 0.25; menadione sodium bisulfite complex 0.15; sucrose finely powdered 981.08.

buffer (pH 2.2) and 20% acetonitrile (0-15min), 70%
phosphate buffer (pH 2.2) and 30% acetonitrile (15-25
min), 60% phosphate buffer (pH 2.2), and 40% acetonitrile
(25-30 min), 50% phosphate buffer (pH 2.2) and 50%
acetonitrile (30-35 min); flow rate, 1 mL/min; and detection,
340 nm. The dehydrated quercetin was shown that 100 g of
onion and red onion powders contain 236.0 and 87.8 mg of
quercetin, respectively. The total flavonoid concentration
was 277.3 and 189.0 mg/100 g of onion and red onion,
respectively.

Animals and diets FEight-week-old male Sprague Dawley
rats (SD, »n=40) were purchased from Koatec Inc.
(Pyeongtack, Korea) and housed and cared for in
accordance with the ‘guide for care and use of laboratory
animals’ (Department of Health, Education, and Welfare,
1985). The rats were allowed free access to water and fed
for the first week with a commercially prepared diet for
adjustment. The rats were then randomly divided into 5
groups of 8 animals each and fed an AIN-93 based control
diet, a high fat-cholesterol diet (HF), or HF supplemented
with 5% onion (O), 5% red onion (RO), or 0.01%
quercetin (Q) for 8 weeks (Table 1). Animals were
monitored daily for general health, and body weights were
recorded every week for the duration of the study. Feces
were collected during the final 3 days and were used to
determine fecal lipid profiles. At the end of the
experimental period, the rats were anesthetized with ethyl
ether, and blood was collected from the abdominal artery in
a heparinated sterile tube. Plasma was obtained from the

blood samples by centrifugation at 450xg for 30 min and
stored at —80°C until required for further analysis.

Plasma lipid soluble vitamins Plasma concentrations of
retinol and tocopherols were determined simultaneously by
reversed phase-high pressure liquid chromatography (RP-
HPLC) according to the method of Genser and Kang
(17). Briefly, plasma proteins were precipitated with
ethanol and lipids were extracted with n-hexane. After
evaporation, the dry residue was dissolved in 150 pL. of
methanol-dichloromethane (85:15, v/v) and then 100 pL of
this solution was injected into a guard-column (Merck
LiChrospher 100 RP18, 10 pm, 250x4 mm). Samples
were run at a flow rate of 1.0 mL/min. on a Dionex HPLC
system (Summit™ HPLC; Sunnyvale, CA, USA). Absorption
was monitored at 325 nm for retinol and at 295 nm for
tocopherols. Concentrations were calculated from areas under
the curve using an external calibration curve and then
normalized to plasma total cholesterol (mg/dL). Plasma
cholesterol was measured using enzymatic colorimetry
with a commercial kit (Sigma-Aldrich) and a photometric
autoanalyzer (CH-100 plus; SEAC, Firenze, Italy).

Baseline conjugated dienes in low density lipoprotein
(LDL) The baseline LDL conjugated diene levels were
determined according to the methods outlined by Ahotupa
et al. (18), with slight modifications. Plasma (100 pL) was
added to 700 pL of heparin citrate buffer (0.064 M trisodium
citrate, 50,000 IU/L heparin, pH 5.05), and this suspension
was incubated for 10 min at room temperature. The insoluble
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lipoproteins were then sedimented by centrifugation at
1,000x g for 10 min. The pellet was resuspended in 100 uL
of 0.1 M Na-phosphate buffer containing 0.9% NaCl (pH
7.4). Lipids were extracted from 100 ul. of the LDL
suspension with chloroform-methanol (2:1), dried under
nifrogen, redissolved in cyclohexane, and analyzed at
234nm using a spectrophotometer (Shimadzu, Tokyo,
Japan). Ethylenediamine tetraacetic acid (EDTA) was added
to the samples to prevent oxidation during sample preparation.

DNA damage determination by alkaline comet assay
The alkaline comet assay was conducted according to
Singh et ol (19) with little modification. The isolated
Iymphocytes were suspended in phosphate buffered saline
(PBS) with 100 uM H,0, for 5 min on ice to induce
oxidative stress. Frosted slides (Fisher Scientific, Pittsburg,
PA, USA) were prepared with a basal layer of 0.5% normal
melting agarose, and lymphocytes mixed with 75 ul. of
0.7% low melting agarose (LMA) were added to the slides.
The slides were covered again with coverslips and kept in
the refrigerator for 10 min. Then coverslips were removed
and a top layer of 75 ul. at 0.7% LMA was added and the
slides were again kept cold for 10 min. After removal of
the coverslips, the slides were immersed in a jar containing
cold lysing solution [2.5 M NaCl, 100 mM EDTA, 10 mM
Tris, 1% sodium laurylasarcosine (pH 10), 1% Triton X-
100, and 10% dimethyl suifoxide (DMSO) were added
freshly] and stored in a refrigerator for 1 hr. After lysis, the
slides were placed in a horizontal electrophoresis tank
(Threeshine Co., Ltd., Daejeon, Korea). The slides were
covered with fresh alkaline buffer (300 mM NaOH, 10 mM
Na,EDTA, pH 13.0) at 4°C for 40 min. To electrophorese
the DNA, an electric current of 25 V/300+3 mA was
applied for 20 min at 4°C. The slides were washed 3 times
with neutralizing buffer (0.4 M Tris, pH 7.5) for 5 min at
4°C and then treated with ethanol for another 5 min. All of
these steps were conducted under dark conditions to

181

prevent additional DNA damage. Fifty pL of ethidium
bromide (20 uL/mL) was added to each slide followed by
analysis using a fluorescence microscope (Leica DMLB,
Bensheim, Germany). Images of 100 randomly selected
cells (50 cells from each of 2 replicate slides) were
analyzed from each subject. Measurements were made by
image analysis (Komet 5.0; Kinetic Imaging, Liverpool,
UK) to determine the % DNA in the tail.

Statistical analysis Data were analyzed using the SPSS
package for Windows (Version 12). Values were expressed
as mean+standard error (SE). The data was evaluated by
one-way analysis of variance (ANOVA) and the differences
between the means were assessed using Duncan’s multiple-
range test. The differences were considered significant at
p<0.05. Evaluation of the associations between parameters
was carried out using Pearson’s correlation.

Results and Discussion

Weight gain and food intake Body weight gain was not
significantly different among the groups except for the
HF+Q group (Table 2). Food intakes were significantly
higher in HF+RO and HF+Q than the control, HF, or
HF+O groups, however the food efficiency ratio (FER)
was not significantly different among the groups. Therefore,
body weight gain, food intake, and FER did not appear to
be influenced by onion supplementation.

Retinol and tocopherols in plasma The antioxidant
effects of some plant-derived compounds (e.g., a-tocopherol,
carotenoids) provide plausible biological mechanisms by
which high intake and plasma levels of these compounds
can decrease the risk of coronary heart disease (20). The
levels of plasma antioxidant vitamins are summarized in
Table 3. Plasma retinol and y- and o-tocopherol levels were
significantly decreased in the HF groups compared to the

Table 2. Effect of onion, red onion, and quercetin supplementation on weight gain, food efficacy ratio of rats fed a high fat-

cholesterol diet

ControlV HF HF+O HF+RO HF+Q
Weight gain (g/8 week) 216.5+18.6*2 231.3423 8% 208.1+23.0° 236.0423.4% 251.8+34.0°
Food intakes (g/day) 15.6+1.9% 15.7+1.4%° 14.7+2.1° 16.321.9° 16.6+2.3°
FER? 0.29+0.02 ™% 0.31+0.03 0.30::0.03 0.31+0.02 0.32+0.04

UControl, AIN 93 based control diet group; HF, high fat-cholesterol diet group; HF+O, HF+5% onion powder group; HF+RO, HF+5% red onion

powder group; HF+Q, HF+0.01% quercetin group.

DValues are the mean=SEM for § animals in each group; values in the same row that do not share a common superscript are significantly differ-

ent at p<0.05.
3Food efficiency ratio (FER)=weight gain (g/day)/food intakes (g/day).
“Not significant.

Table 3. Effect of onion, red onion and quercetin supplementation on lipid corrected plasma retinol and tocopherols in SD male

rats fed a high fat-cholesterol diet

Control" HF HF+0 HF+RO HF+Q
Retinol (ug/dL) 5.6£0.6°2 2.6+0.4% 2.7+0.2% 3.2£0.5° 2.0+0.2¢
y-Tocopherol (pg/dL) 0.7+0.1° 0.3:+0,0% 0.3£0.0% 0.2+0.0° 0.3+0.0®
a-Tocopherol (ng/dL) 24 4+1.9° 9.5:£0.9% 11.741.5° 9.2+1.0° 9.3+0.4°

YControl, AIN 93 based control diet group; HF, high fat-cholesterol diet group; HF+O, HF+5% onion powder group; HF+RO, HF+5% red onion

powder group; HF+Q, HF+0.01% quercetin group.

Values are the mean+SEM for 8 animals in each group; values in the same row that do not share a comumon superscript are significantly differ-

ent at p<0.05.
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Fig. 1. Effect of onion, red onion, and quercetin supplementation
on plasma lipid peroxidation (conjugated dienes) in SD male
rats fed a high fat-cholesterol diet. "Control, AIN 93 based
control diet group; HF, high fat-cholesterol diet group; HF+O,
HF+5% onion powder group; HF+RO, HF +5% red onion powder
group; HF+Q, HF+0.01% quercetin group. Each bar represents the
mean+SE for 8 animals in each group. Bars with different
superscript letters are significantly different at p<0.05 by Duncan’s
multiple-range test.

control group. This suggests that such antioxidant
compounds are important for suppressing oxidative stress
caused by a HF. However, plasma antioxidant vitamin
levels were not improved by onion supplementation. It
appears that the amount of onion supplementation in this
study was insufficient to raise antioxidant vitamin levels in
plasma. In agreement with our result Benito et al. (21)
reported that status of plasma antioxidant vitamin did not
increase after supplementation of 0.3% quercetin in SD
rats, which is even higher than the quercetin concentration
in our study (0.012% quercetin in HF+O group and 0.01%
quercetin in HF+Q, respectively).

Lipid peroxidation (conjugated diene) Lipid peroxidation
serves as a marker of cellular oxidative stress and has long
been recognized as a major causative factor of oxidative
DNA damage in such chronic diseases as atherosclerosis
and cancer (22). A number of studies have reported
increases in antioxidant capacity after the ingestion of
flavonoid rich foods (14,23) and have suggested this may
also have a protective effect against LDL oxidation,
thereby slowing the progression of atherosclerosis (24).
Conjugated dienes, a marker of lipid peroxidation, were
significantly higher in the HF groups during the 8-week
test period than in the control group (Fig. 1), while lipid
peroxidation was significantly decreased in the onion, red
onion, and quercetin supplemented groups. Onion exhibited
a higher protective effect on lipid peroxidation than red
onion, which might be ascribed to the higher contents of
quercetin and total flavonoids in onion powder (daily
consumed quercetin: 1.73 mg in HF+O, 0.72mg in
HF+RO, and 1.66 mg in HF+Q; daily consumed total
flavonoid: 4.81 mg in HF+O and 1.35mg in HF+RO).
These results are consistent with the findings of Kim and
Kim (25), who found that thiobarbituric acid reactive
substance (TBARS) concentrations in LDL+VLDL fractions
were significantly affected by onion peel powder containing
high contents of total flavonoids. According to Yamamoto
et al. (26), TBARS values in plasma were lower in the rats

J vl Park et al.
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Fig. 2. Effect of onion, red onion, and quercetin supplementation
on H,0, induced DNA damage in leukocytes in SD male rats
fed a high fat-cholesterol diet. "Control, AIN 93 based control
diet group; HF, high fat-cholesterol diet group; HF+O, HF+5%
onion powder group; HF+RO, HF+5% red onion powder group;
HF+Q, HF+0.01% quercetin group. Each bar represents the
mean+SE for 8 animals in each group. Bars with different
superscript letters are significantly different at p<0.05 by Duncan’s
multiple-range test.

fed a high-fat high-sucrose diet containing welsh onion.
However, the inhibition of LDL oxidation after HF+O
supplementation was more effective than HF+Q, regardless
of similar contents of quercetin. It could be ascribed to the
various antioxidant compounds other than quercetin in
onion.

Body cells and tissues are continuously threatened by
damage caused by free radicals and reactive oxygen
species, which are produced during normal oxygen
metabolism or are induced by exogenous damage (27).
Cells have evolved a complex network of defense barriers
to counteract the generation of reactive oxygen species
(ROS) by scavenging ROS and protecting against the
oxidation of macromolecules. The dietary intake of
antioxidanis is thought to play a major role in this network
(28). Compounds that have antioxidant properties, such as
flavonoids, carotenoids, vitamin C, and vitamin E have
been identified in large quantities in some natural foods
(29). The major effect of flavonoids may be due to radical
scavenging (30). By this action, flavonoids from onions
could act as effective inhibitors of conjugated dienes due to
the initial oxidation of LDL.

Leukocyte DNA damage The data in Fig. 2 show the
effects of onion, red onion, and quercetin supplementation
on DNA damage, expressed as tail intensity in rat
peripheral blood cells based on the alkaline comet assay.
The comet assay, also known as single cell gel electrophoresis
assay has been used successfully for evaluating DNA
damage and has been suggested as an excellent technique
for use with biological markers in the detection, monitoring,
and prognosis of chronic degenerative disease including
certain types of cancer, diabetes, and atherosclerosis (31).
When ROS are formed in vitro or by oxidative stress in
vivo, several types of oxidative DNA lesions are formed
(28). Increased oxidative stress and lipid peroxidation
causing DNA damage and the disturbance of cell signaling
pathways are being implicated in human cancers, neuro-
degenerative diseases, and atherosclerosis. It has been
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Fig. 3. Relationship between H,0, induced DNA damage in
leukocytes, lipid corrected plasma retinol (A), y-tocopherol (B),
and o-tecopherol (C). r=Pearson’s correlation coefficient.

suggested that increased DNA damage in hypercholesterolemia
is caused by the increased production of reactive oxidant
species and decreased antioxidant capacity (32). Consistent
with this hypothesis, the HF group showed greater leukocyte
DNA damage than the control group in our study. On the
contrary, leukocyte DNA damage was significantly reduced
after onion or red onion supplementation. Onion and red
onion appear to have exerted a greater antioxidant effect in
the oxidant-challenged state. However, pure quercetin
seems to have no protective effect on leukocyte DNA
damage, although the quercetin content in the HF+Q group
was similar to that in the HF+O group (daily consumed
quercetin: 1.73 mg in HF+O vs. 1.66 mg in HF+Q).
According to Duthie ef al. (33), incubation of cultured
human cells (Caco-2, HepG2, and Hela) and isolated
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lymphocytes with high concentrations of flavonols (quercetin
at concentrations up to 100 uM) in the absence of an
oxidative challenge increases DNA strand breakage.
Johnson and Loo (34) also reported that high concentrations
(100 uM) of quercetin by itself actually cause cellular
DNA damage. Also, natural phytochemicals at the low
levels present in fruits and vegetables offer health benefits,
however these compounds might not be effective or safe
when consumed in a pure form (35).

H,0, induced leukocyte DNA damage showed a highly
significant negative correlation with plasma retinol and
tocopherol levels, although reduced plasma retinol and
tocopherol levels with the HF were not affected by
onion, red onion, or quercetin (Fig. 3 and Table 3). Costa
and Nepomuceno (36) reported that increased plasma
concentrations of antioxidant vitamins after multivitamin
supplementation protects against genotoxic effects caused
by a free radical generator. Serum levels of antioxidant
vitamins and phytochemicals are also used as an indicator
of protection against oxidative stress because they play a
major role in the defense of cells and tissues (37).

In conclusion, supplementation with onion or red onion
powder has significant health benefits, occurring via the
inhibition of plasma lipid peroxidation and leukocyte DNA
damage in rats fed a high fat-cholesterol diet.
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