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Abstract: Objectives: The purpose of the current study was to provide a comprehensive survey on the
compositional properties of low-density lipoproteins (LDLs) and the antioxidant activity of green leafy
vegetables extracts. Methodology: The methanolic extract of five green leafy vegetables (Mint, Cabbage,
Brassica, Corriandum and Spinach) was screened for their antioxidant activity and their phenolic content, with
standard ascorbic acid. Antioxidant activity was determined spectrophotometrically, by free-radical scavenging
activity. The phenolic content extract samples were defatted. The extracts were reacted with LDL of blood of
normolipidemic patients by ultracentrifugation. Results revealed that in The antioxidant activity was:
Cabbage>Spinach>Corrigendum>Brassica>Mint and the total polyphenolic content in the green leafy vegetable
extracts were in decreasing order of Mint>Corrigendum>Brassica>Cabbage>Spinach, respectively In
Conclusion: The green leafy vegetables were rich and inexpensive source of antioxidants and they can be used
for patients to prevent development of cardiovascular diseases such as atherosclerosis.
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INTRODUCTION [3]. Ox-LDL can stimulate platelet aggregation [4] and

Low density lipoproteins (LDLs) contain both monocyte macrophages by an increase in tissue
proteins and lipids, which involve transporting fats in the thromboplastin activity [5]. 
body blood. When LDL level exceeds from 160-180 g/dl in Human body is proved to be exposed to free radicals,
the blood, it leads to cardiovascular diseases such as aggravated by constant stress, environmental pollution,
atherosclerosis [1]. Oxidize (Ox-LDL) was a chemotactic poor quality food, ultra-violate (UV) irradiation and
for circulating monocytes, which function to accumulated expansion of social factors (smoking, alcohol abuse and
macrophages to remodel the damages area. drug abuse), Reactive oxygen species (ROS), other free
Atherosclerosis has been characterized as inflammatory radicals causing oxidative damage to body and etiology
disease, caused by high plasma concentrations of of pathological conditions as cardiovascular diseases [6].
cholesterol [2]. Accumulating Ox-LDL in the artery wall The free radicals cause oxidative changes  of  LDL  and,
has been found to be responsible for disturbance cellular in this way - development of atherosclerosis [7].
processes, because unregulated LDL oxidation polar Antioxidants act by scavenging these free radicals and
sterols were generated, which mediate cytotoxicity in cells decreasing  the free-radical induced LDL oxidation. As the

promote pro-coagulant activities on the surface of human
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most appropriate sources of antioxidants for the human tube was adjusted to 10 ml with distilled water. All
body have been determined: food of vegetable origin rich
in polyphenols, vitamins, carotenoids, etc. There was no
plant that was not a medicine and there was no disease
that cannot be cured with a plant [8]. The higher the
phenol content of an antioxidant, greater will be its
antioxidant activity.

Consumption of high doses of ginger extracts have
anti-atherogenic effect and is associated with significant
reduction in plasma triglycerides and cholesterol levels
[9]. The present study was undertaken to investigate that
the consumption of nutrient rich in antioxidants, i.e,
ginger, is associated with attenuation of development of
atherosclerosis.

MATERIALS AND METHODS

Preparation of Green Leafy Vegetable Extracts: Five
green leafy vegetables were considered for this
experimental study. Extracts of the leaves were obtained
and their antioxidant activity and total polyphenol content
were assessed. The leaves were washed with distilled
water dried in shade for 20 days. The so dried leaves were
then powdered by blender were extracted with 70%
methanol with mixing at room temperature for one hour.
The extracted solution was filtered and stored at -20 C and
used.

Free-Radical Scavenging Activity: The free-radical
scavenging activity of the vegetable extract was measured
by using 1,1-diphenyl-2-picrylhydrazyl (DPPH) [10].
(Blois, 1958).An aliquot of leaves extract was mixed with
2ml of 0.1 mM DPPH in ethanol. The mixture was then
incubated for 20 min at 37°C and the absorption was
measured at 516 nm with spectrophotometer.1 mM
ascorbic acid used as a positive standard.

Total Poly-Phenol Content
Defatted Sample: 4 g of each sample were  dissolved  in
250 ml Anhaxane. The solution was then made
concentrated by processing in rotary evaporator. After
this all the defatted samples were dried in thimble by
placing in incubator. Total poly-phenol content was
estimated by boiling 1g of defatted sample with 25ml di-
ethyle ether in water bath for 15 min after boiling the
samples were filtered and centrifuged.1 ml of each sample
extract with 1 ml of Folin-Ciocalteu reagent were mixed in
separate test tubes. Each sample was performed in
triplicate. After 3 min 1 ml of saturated NaCO3 solution
was added in all the test tubes   and  volume  of  each  test

mixtures were kept in dark for 90 min and then absorbance
was measured at 725 nm.

Isolation of LDL: Blood samples were collected in sodium
EDTA- containing tubes from fasting normolipidemic
volunteers after obtaining their informed consent. Plasma
samples were immediately prepared by centrifugation at
3000 rpm at 4 C for 15 min. the LDL was separated by
single spin density gradient ultracentrifugation at 80,000
rpm for 40 min, 4 C using a TLA 100.4 fixed angle-
rotor(Beckman Instruments, Fullerton, CA). The LDL
protein concentration was determined using a Micro BCA
Protein Assay kit.

Measurement of LDL Oxidizing ability (Lag Time
Assay): The prepared LDL samples were oxidized with or
without 5uLof each green leafy vegetable extract by
200uM 2,2’-azobis(4-methoxy-2,4-dimethylevaleronitrile)
which was an oxidative inducer. The kinetics of LDL
oxidation was obtained by monitoring the absorbance of
conjugated dines at 234 nm with a Beckman Model DU
800 spectrophotom.

RESULTS

We systematically assessed the antioxidant activity
of 5 kinds of edible green leafy vegetable leaves extracts
with the LDL oxidation assay and made comparisons with
DPPH radical scavenging assay and the Folin-Ciocalteu
assay for the determination of phenolic content.

As shown in Figure 1, green leafy vegetables have
high free radical scavenging activity (Cabbage 7.5-folds,
Brassica 2.6-folds, corrigendum 4-folds, Mint 1.3-folds
and Spinach 4.5-folds) then ascorbic acid (control).

To confirm that green leafy vegetable extracts
contribute to free radical scavenging activity, we
measured the total poly-phenol content in these leaves.
Total phenol compound of each vegetable was Cabbage
contains 1.8, Brassica 2.1, Corrigendum 3.3, Mint 7.5 and
Spinach 1.7 as described in Figure 2.

To evaluate the antioxidant effects of green leafy
vegetable extract on LDL oxidation, we carried out LDL
Lag time assay. As shown in Figure 3 all types of green
vegetable leaves extracts prolonged a lag time for starting
LDL oxidation compared with the control.

Figure 3 presents LDL oxidation lag time of different
leafy vegetables as Cabbage 80.3-folds, Brassica 60.4-
folds, Corrigendum 70.7-folds, Mint 60-folds and Spinach
70.8-folds and that of control (Ascorbic acid) showed the
value as10.7.
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Fig. 1: Free radical scavenging activity of different leafy vegetables

Fig. 2: Total Phenol compounds from leafy vegetables

Fig. 3: LDL oxidation lags time of different leafy vegetables.

DISCUSSIONS vitamins C, E and beta-carotene, have powerful

The effects of antioxidant nutrients have been nutrients’ co-enzyme Q10 optimize a favorable outcome
extensively evaluated in epidemiological, population and from the ubiquitous presence of oxidative stress on the
clinical studies. Phytonutrients such as natural flavonoids CVD [11]. The folic acid, as well as vitamins B12 and B6
and carotenoids, found in fresh fruits and vegetables or also exhibited antioxidant activity. Oxidation of LDL may

antioxidant effects. In addition, minerals like selenium and
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play an important role in the generation of foam cells ACKNOWLEDGMENT
resulting in the development of atherosclerosis [12]. In the
present study, antioxidant activity in terms of DPPH
radical scavenging activity and LDL oxidation in vitro
was compared. There were many green leafy vegetables
used all over the  world,  but  their  antioxidant  activity
has not been sufficiently evaluated yet. First, the
antioxidant activity of the green leafy vegetable was
assessed. Each kind of vegetable possessed high free
radical scavenging activity, which is correlated to its poly-
phenol content.

We observed that total poly-phenol content ranging
from 1.7-7.5 in 5 green leafy vegetables extracts, indicating
that these vegetables could have strong antioxidant
effects against LDL oxidation. These extracts significantly
prolonged the lag-phase for starting LDL oxidation,
indicating that they could prevent free radical induced
lipid per-oxidation in LDL [13]. Our study presents the
results of comparisons among three assays: the LDL
oxidation assay, DPPH radical scavenging assay and
Folin-Ciocalteu reagent assay [14]. Edible plants having
high antioxidant activity were the Cabbage, Spinach and
corrigendum, the last of which is related to an already
performed study [15]. The comparative investigation of
the three methods suggests that combination of the LDL
oxidation analysis and DPPH radical scavenging assay
was the most useful for assessing the antioxidant
potential of edible plants. Further studies are necessary
on the isolation and characterization of individual
compounds of edible plants to elucidate their various
antioxidant mechanisms.

CONCLUSIONS

The phenol compounds and  their  antioxidant
actions through different mechanisms were investigated.
These possess a strong antioxidant activity on lipid
molecules due to their strong chain-breaking activity.
Some were also weak chain-breaking antioxidant against
lipid per oxidation but they possess multiple protective
actions on membrane proteins. The current study
identified that methanolic extracts of green leafy
vegetables possesses strong antioxidant activities in
vitro-experiments. The application of these vegetable
extracts could provide an inexpensive source of
antioxidants. Their combined use would produce a
synergistic effect, suggestive of the therapeutic or
prophylactic value of these compounds against ROS-
related disorders such as atherosclerosis. Clinical trial of
these compounds in hypercholesterolaemic patients is
also necessary.
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