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Abstract Oxidation of low density lipoprotein (LDL) is regarded to play an important role in the development of
atherosclerosis. In the present study, salad vegetables with a remarkable DPPH radical-scavenging activity were extracted with
methanol, and the methanol extracts were evaluated for the inhibition of Cu**-induced oxidation of human LDL. Separately,
the amount of total phenolics was determined colorimetrically using Folin-Ciocalteu reagent. The vegetable extracts,
expressing a strong inhibition of LDL oxidation (ICsy values, <100 pg/mL), were from angelica, dandelion, mustard leaf, and
water spinach, which contained relatively high level of polyphenol content. Noteworthy, a highly positive correlation was
observed between inhibition of LDL oxidation and amount of total polyphenol (p<0.01). Based on these results, it is
suggested that salad vegetables, especially angelica, dandelion, and mustard leaf, may be used as easily accessible sources of

natural antioxidants, especially in anti-atherosclerosis.
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Introduction

Atherosclerosis is mediated by the progressive accumula-
tion of low density lipoprotein (LDL), within the vascular
walls. Accordingly, it is generally accepted that high
concentrations of LDL are strongly correlated with the
development of atherosclerosis. In particular, the oxidation
of LDL in artery wall was recognized as an important step
in the initiation and progression of atherosclerotic lesions
(1-5). When LDL is oxidized, it is modified in a variety of
ways through the reaction with reactive oxygen species
(ROS). The oxidation of LDL gives rise to atherogenic
changes including the formation of oxidized lipids which
act as chemotactic and mitogenic agents and the
modification of the charge on the apolipoprotein B (apo-B)
moiety of LDL creating a ligand for the scavenger
receptors on macrophages (1-5). With increasing evidence
that oxidized LDL is involved in atherogenesis, it is
important to consume fruit and vegetables rich in antioxidative
substances capable of preventing LDL oxidation (6-9).
Especially, in green leafy vegetables, various kinds of
antioxidants such as water-soluble as well as lipid-soluble
antioxidants are contained to an appreciable level (10,11),
Practically, complex mixtures of antioxidants in whole
foods are responsible for their health benefits, and their
advantage over single antioxidant may be due to a
combination of additive and/or synergistic effects (12,13).
So it is important to develop functional food materials that
contain antioxidative substances in connection with the
prevention of atherosclerosis. In this respect, the present
study deals with the effect of total phenolics, contained in
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green leafy vegetables, on copper ion-induced oxidation of
human LDL, and examines the relationship between the
phenol content and antioxidant action against LDL oxidation.

Materials and Methods

Chemicals 6-Hydroxy-2,5,7,8-tetramethylchroman-2-
carboxylic acid (Trolox), a water-soluble analogue of
vitamin E, was from Acros Organics (Morris Plains, NJ,
USA). Thiobarbituric acid (TBA), trichloroacetic acid
(TCA), Folin-Ciocalteu's phenol reagent, caffeic acid,
tannic acid, and 1,1,3,3,-tetraethoxypropane were purchased
from Sigma-Aldrich Chemical Co. (St. Louis, MO, USA).
Ethanol, acetic acid, methanol, and hydrochloric acid were
from Merck Chemical Co. (Darmstadt, Germany). All
reagents used were of analytical grade.

Vegetable samples Thirteen kinds of green leafy vegetables,
as listed in Table 1, were obtained from the organic farm in
Gongju, Chungnam, Korea, from August of 2005 to May
of 2006.

Preparation of vegetable extract Vegetables were
washed, drained, weighed, and then freeze-dried. Dried
samples were ground into a powder to pass through a 200
mesh sieve. Powdered samples (1 g) were immersed in
absolute methanol (25 mL) and stored in the dark (15°C)
for 3 days, and then the methanol fraction was collected.
The extraction was repeated 3 times and solvents were
removed by a rotary evaporator. Chlorophyll was removed
by extracting the residue with hexane. This chlorophyll-
free residue was allowed to stand at room temperature
under vacuum to obtain a solvent-free powder, which was
stored at —24°C. After rotary evaporation, the residue was
dissolved in methanol, and the solvent fraction (mg/mL)
was assayed for antioxidant activity.
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Determination of total polyphenols Total polyphenol
content of vegetable was determined by Folin-Ciocalteu
colorimetric method (14). One mL of vegetable extract was
mixed with 0.5 mL of Folin-Ciocalteu reagent (previously
diluted 10-fold with distilled water), and the mixture was
allowed to stand at 22°C for 5min; 1.0 mL of sodium
bicarbonate (60 g/) solution was added to the mixture.
After 30 min at 22°C, the absorbance was measured at 760
nm using a spectrophotometer (Model 80-2088-64; Pharmacia
Biotech. Co., Cambridge, England). Results are expressed
as mg of tannic acid equivalents per g of the sample.
Extracts were produced in triplicate and used to measure
the total polyphenol content.

Isolation of human LDL Human LDL was isolated
from the heparinized plasma, which was obtained from the
Red Cross Blood Bank at Daejeon. LDL (1.019-1.063 g/
mL) was isolated by sequential density ultracentrifugation
at 4°C in an ultracentrifuge (Beckman Instruments, Mountain
View, CA, USA) as described previously (15,16). The
protein content was measured using the Coomassie blue
reagent with bovine serum albumin as standard.

Cu**-induced oxidation of human LDL assay The
antioxidant capacity of the vegetable extract was examined
by evaluating the protective action of extract against
copper-induced oxidation of LDL. LDL (50 ug protein/
mL) was incubated with 5pM CuSO, in 0.2 mL PBS
buffer (pH 7.4) at 37°C in the absence or presence of
vegetable extract for 3 hr, and then to the mixture were
added 0.5 mL 20% TCA and 0.5 mL 0.68% TBA. After
boiling for 15 min and cooling down in ice for 10 min, the
absorbance of the supernatant after centrifugation (20,000
xg, 5 min) was measured at 532 nm. The protective action
of vegetable extract against Cu’’-induced LDL oxidation
was calculated according to following equation:

Protection (%)=(Ac—Ax)/Acx100

where, Ac is absorbance of positive control; Ax is
absorbance of sample.

Also, The ICs, value reflects the concentration of
vegetable extract to exert 50% inhibition of Cu?* -induced
oxidation of LDL. The initial background of the samples
was set to 0, and the increase in absorbance of sample that
consisted of LDL and CuSO,, was recorded. The lag time
required for the initiation of LDL oxidation was calculated
from the oxidation curve. Maximal time (Ty,,,), which is
the time (min) required to reach the maximum level of
LDL oxidation, was also determined.

Statistics  All results were obtained from average of 3
independent experiments. Data were expressed as mean
+SD. The Statistical Analysis System software (17) was
used to perform statistical computations. Pearson’s
correlation between total phenol content and antioxidant
activity was performed.

Results and Discussion

Antioxidant activity of polyphenol content The genera-
tion of radical oxidative species involves radical processes
generated by different biological redox systems (18,19).
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Therefore, the efficient removal of ROS may be crucial in
preventing against lipid peroxidation of biomembranes.
The partition of antioxidant compounds determines their
effective antioxidant activity in either aqueous or lipid
systems (19-21). The aqueous-based model, which measures
the radical scavenging activity, has been used to evaluate
the antioxidant activity of various vegetable extracts.
Meanwhile, for the evaluation of antioxidant activity, the
copper-induced oxidation of lipoprotein has been frequently
employed as a model to evaluate the prevention of lipid
peroxidation in a lipophilic medium. Previously, 42 kinds
of vegetables, consumed frequently in Korea, were screened
for the 2,2-diphenyl-1-picrylhydrazyl (DPPH) free radical
scavenging activity and the inhibitory effect on Fe*'-
induced lipid peroxidation (10,22). In the present study, the
extract from 13 species of vegetables, showing high DPPH
free radical scavenging activity, were taken for the
determination of total polyphenol compounds. Separately,
the vegetable extracts were tested for the antioxidant action
against Cu**-induced oxidation of human LDL. First, when
total polyphenol contents in vegetables were determined by
the Folin-Ciocalteu method, the total polyphenol content of
vegetables varied from 3.4 to 8.8mg/mL (Table 1).
Especially, the total polyphenol concentration is relatively
high (7.3-8.8 ug/mL) in the vegetables such as angelica,
dandelion, mustard leaf and water spinach. In contrast,
kale, chicory, short-frui, and Lollo Rosso showed relatively
low polyphenol content (3.4-4.7 mg/mL). Although high
levels of total phenol in some vegetables may be due to
pure polyphenol compounds, it is not excluded that the low
content of water may contribute to the high amount of
polyphenol compound. As presented in Table 1, the
vegetables containing lower water content show higher
polyphenol content. Among vegetables, the water content
is the lowest (3.4mg/mL) in angelia and dandelion,
whereas the highest (8.8 mg/mL) in Lollo Rosso; the
difference of total polyphenol compounds between extracts
were not less than 3-fold.

Effect of vegetable extracts on protection of Cu®'-
induced LDL oxidation Next, we examined the anti-
oxidant effect of vegetable extracts on Cu**-induced
oxidation of human LDL. Because oxidative modification
of LDL is known to play an important role in the
pathogenesis of atherosclerosis and coronary heart diseases
(6), and the dietary antioxidants that protect LDL from
oxidation may therefore reduce atherogenesis and coronary
heart diseases (19). The inhibitory effect of vegetable
extract was continuously monitored during 3 hr oxidation
of LDL in a system containing human LDL (50 pg protein/
mL) and 5 uM CuSOj, at 37°C for 3 hr, and the inhibitory
effect of each extract at various concentrations was
determined. Based on these, the ICsq value, reflecting the
concentration of vegetable extract to exert 50% inhibition
of Cu**-induced oxidation of LDL, was determined. As
shown in Table 1, the values varied from 31 to 334 pg/mL.
The extracts expressing a strong inhibition of LDL
oxidation (ICsy value, <100 ng/mL) from were angelica,
dandelion, mustard leaf (green), and water spinach. These
vegetables are characterized by the relatively high content
of total phenol compounds (Table 1). In contrast, the
varieties such as Japanese parsley, Lollo Rosso chicory leaf
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Table 1. Inhibition of human LDL oxidation (ICs) and total polyphenol content of green leafy vegetable extract”

. of Total polyphenol

Trivial name Scientific name Water;ontent EXU;CUOD LDLlf)igidation o c%nt}gt °
oo oo (wgml)  (mgf)

Angelica Angelica Kiusiana Max 842 22.7 31 88
Dandelion Taraxacum officinale Wiggers 84.6 20.3 38 8.8
Mustard leaf, green  Brassica juncea (green) 90.8 303 53 8.1
Water spinach Ipomoea aquatica Forsk 89.4 14.9 88 7.3
Leaf lettuce, red Lactuca sativa (red) 92.0 203 129 5.6
Leaf lettuce, green  Lactuca sativa (green) 934 25.5 155 5.7
Chicory, witloof Cichorium intybus L. {Treviso) (green) 93.2 21.8 219 5.4
Mustard leaf, red Brassica juncea (red}) 93.5 20.5 236 5.0
Kale, red Bbrassica olerecea var. acephala 90.8 20.2 272 4.6
Lollo Rosso Lactuca sativa 94.2 16.8 280 4.7
Japanese parsley Cryptotaenia japonica 87.2 14.0 302 44
Kale, Scotch Brassica oleracea L. var. acephala BC 89.8 303 312 34
Chicory, red Cichorium intybus L. 90.6 22.7 334 38

DValues are expressed as the average of triplicates.

(red), kale (red pigmented) possessing a relatively low
level of phenol content (3.4-4.7 pg/mL), had a weak
inhibition of LDL oxidation with [Cs, values over 270 pig/
mL. In addition, lettuce, chicon, mustard leaf (red), and
kale {green) showed a modest inhibition of LDL oxidation
(ICsp, 100-240 pg/mL) and contained an intermediate level
of phenol content (5.0-5.7 pg/mL).

Inhibitory potency of angelica extract on lag phage of
LDL oxidation In a separate experiment, angelica extract,
showing a potent antioxidant action, were selected and
further tested for the inhibitory effect on LDL oxidation in
a time-dependent manner. Figure 1 demonstrates that the
angelica extract prolongs the lag phase of LDL oxidation in
a concentration-dependent manner.

As shown in Fig. 1, the maximal time (Tp,) of LDL
oxidation was dependent on the concentration of added
vegetable extract (170-310 min for 25-100 pg/mL), and the
lag time of the LDL oxidation is dependent on the
vegetable extract concentration; the lag times of angelica
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Fig. 1. Effects of angelica extract concentration on the lag time
of Cu** -induced human LDL oxidation. LDL (50 ug protein/
mL) was incubated with 5 uM CuSO, in 0.2 mL PBS buffer (pH
7.4) at 37°C in the presence of angelica extract of various concentra-
tions (0.025-0.1 mg/mL). and the absorbance at 234 nm was
monitored for 400 min.

extract are 85, 170, and 230 min for 25, 50, and 100 pg/mL
of extract, respectively, compared to 65 min for control as
shown in Fig. 1. Noteworthy, the inhibitory potency of
angelica extract at 100 ug/mL was close to that of
commercially available Trolox (1 mM). The lag phase of
the LDL oxidation reaction may be affected partially by
physiological lipid-soluble antioxidants such as o-
tocopherol or carotenoids in natural LDL (23). Nevertheless,
angelica extract expressed a potent antioxidant action
against LDL oxidation at relatively low concentrations,
consistent with the notion that the amount of endogenous
antioxidants in LDL is limited. The delay of lag time of
LDL oxidation may be related to the interference of an
initial step in the development of atherosclerosis, since
oxidized LDL is known to exist in atherosclerotic lesions.
There are several processes for the production of oxidized
LDL; one may be the oxidative modification by metal
ions-induced oxidation. The oxidatively modified LDL has
been shown to affect cellular functions associated with the
regulation of inflammatory responses and platelet aggrega-
tion (24,25). In this respect, the intake of some vegetable
extracts may be beneficial in preventing against LDL
oxidation.

Correlationship between total polyphenol content of
vegetable extracts and antioxidant action In the next
study, the inhibitory effect of extracts on LDL oxidation
was compared to the amount of polyphenol compounds,
since some vegetable extracts with great antioxidant
activities in scavenging DPPH radicals contained relatively
high level of polyphenol compounds in the previous study
(10). As shown in Fig. 2, there was a significant positive
relationship between total polyphenol content and inhibition
of LDL oxidation (R*=0.94, p<0.01).

Thus, there is a good correlationship between total
polyphenol content of vegetable extracts and antioxidant
action against Cu”'-induced oxidation of LDL; angelica,
dandelion, and mustard leaf with high total polyphenol
contents showed strong antioxidant activities in copper ion-
induced oxidation of LDL oxidation assay. In addition,
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Fig. 2. Relationship between total polyphenol content and
inhibition of human LDL oxidatien of vegetable extracts. ICs
value was expressed as the concentration of each extract to express
50% inhibition of Cu’*-induced LDL oxidation. Resuits are
expressed as mg of tannic acid equivalents per g of the sample.
Extracts were produced in triplicate and used to measure the total
polyphenol content.

water spinach which had high polyphenol content was also
so effective in preventing copper ion-induced oxidation of
LDL. Thus, it is suggested that a part of antioxidant
activities of extracts in copper ion-induced oxidation of
LDL may be due to polyphenol compounds. The anti-
oxidant activities of vegetables seem to be due to the
effective hydrogen donor activity of polyphenol compounds
(26).

In support of the above, the polyphenol compounds such
as chlorogenic acid, caffeic acid, quercetin, and pro-
tocatechulic acid are considered to be principal compounds
in angelica, lettuce, dandelion, or water spinach (27,28).
Taken together, it is proposed that the polyphenol
compounds may be responsible mainly for antioxidant
action of vegetable extracts in preventing against copper
ions-catalyzed oxidation of lipid as well as DPPH radical
scavenging activity (29). However, it is not excluded that
other vegetable components showing different antioxidant
mechanisms may be implicated in antioxidant action
against LDL oxidation. For example, some part of their
antioxidant action may be due to the presence of
antioxidant compounds, such as thiols or carotenoids, in

Table 2. Lag time of vegetable extract (25 pg/mL) for Cu?*-
induced human LDL oxidation

Lagtime Maximal

Scientific name (min) time (min)

English name

Angelica Angelica kuisiana 85 170
Beet leaf Beta vulgaris 80 140
Dandelion Taraxacum officinalle wiggers 125 170
Onion Allium cepa 70 150
Contro} 65 130
Trolox (1 mM) 275 360

C. H Park et al.

addition to copper ion-complexing compounds. Noteworthy,
the extracts from vegetables such as angelica, dandelion,
mustard leaf, water spinach, or lettuce were efficient in
preventing the oxidations implicated in the initial stage of
atherosclerosis. Based on these findings, these vegetable
extracts could be used as potential sources of natural
antioxidants in anti-atherosclerosis as had been proposed
for the beneficial role of polyphenols in the prevention of
some diseases (30-32).

Further studies employing active antioxidant components
would pose a value as a functional food material of these
vegetable extracts.
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