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The objectives of this study were to study the antioxidant activities and nitric oxide (NO) scavenging
effects of vegetables in vitro systems and to study the inhibitory effects of vegetables on the NO
production and NO-induced DNA damage in RAW 264.7 macrophage. The results indicated that
water extracts from Indian lotus, Jew’s ear, shiitake, eggplant, and winter mushroom showed stronger
antioxidant activity and free-radical-scavenging ability than that of other vegetable extracts. The
scavenging effects of vegetable extracts on NO derived from sodium nitroprusside (SNP) were in
decreasing order of water spinach > Indian lotus > eggplant and garland chrysanthemum. In the
macrophage model system, the water extracts from fresh daylily flower, sponge gourd, pea sprout,
and eggplant exhibited over 80% inhibition on NO generation stimulated by lipopolysaccharide. The
extract from fresh daylily flower that expressed the strongest inhibition on NO production was attributed
to the ability to reduce the inducible nitric oxide synthase (iNOS) induction. However, the extracts
from pea sprout and eggplant suppressed the NO production by scavenging on NO and inactivating
toward iNOS enzyme. In addition, the water extracts from fresh daylily flower, sponge gourd, pea
sprout, and eggplant also showed over 40% inhibitory effect on DNA damage induced by SNP in
RAW 264.7 macrophage. The data also indicated that eggplant and pea sprout extracts contained
higher total phenolic compounds, anthocyanins, and ascorbic acids and appeared to be responsible
for their antioxidant activities and scavenging effects on NO derived from SNP.

KEYWORDS: Vegetables; antioxidant activity; nitric oxide; inducible nitric oxide synthase (iNOS); DNA
damage; macrophage

INTRODUCTION protection against oxidative damage of crude extracts from fruits,

Recently medical researches showed that reactive OXygenveg_eta_bles, and other plant materigls hgs been_ga_in_ir)g _attention.
species (ROS), reactive nitrogen species (RNS), and free radicald\ntioxidants may act by preventing first-chain initiation or
have been implicated in mediating various pathological pro- Préaking chain promotion by scavenging free radicals. In this
cesses including cancer, aging, and atherosclersi®xidative study, linoleic acid oxidation and,o-diphenylf-picrylhydrazyl
stress is thought to result from an imbalance between the (PPPH) radical-scavenging methods have been used to measure
generation of ROS and free radicals and the antioxidants thatthe antioxidants property of the vegetable samples.
scavenge them. Therefore, much attention has been focused on With the exception of ROS, the overproduction of RNS has
the use of antioxidants, especially natural antioxidants to inhibit also been associated with oxidative stress and with chronic
lipid peroxidation or to protect the damage of free radicals (  inflammation, which were involved in the pathophysiology of
3). The protection that fruits, vegetables, medicinal plants, and various diseases such as arthritis, diabetes, atherosclerosis, and
herbal plants provide against diseases has been attributed t@arcinogenesis (7—10). Nitric oxide (NO) and its derivative
various antioxidant phytonutrients, such as flavonoids, phenyl- peroxynitrite (ONOQO), produced from NO and superoxide,
propanoids, phenolic acid, ascorbic acid, tocopherol, and were the main source of RNS in vivo. NO is an important intra-
carotenoids contained in these plants. Several studies haveand intercellular regulatory molecule of multiple physiological
shown that increased dietary intake of polyphenol and flavonoids functions and is enzymatically synthesized via the oxidation of
correlates with reduced oxidative stress, inflammation, tumor, the terminal guanidine nitrogen atomisfrginine by a family
and coronary heart disease (4—6). Thus, the study on theof nitric oxide synthase (NOS), which are either constitutive
(cNOS) or inducible (iNOS)X1). iINOS is not detectable in
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only after exposure to specific stimulants such as cytokih2s (
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absorbance. The solution was placed in a plastic cuvette| 56f the

13). Overexpressed iNOS has been detected in several humantioxidant solutions was added; and the absorbance was read after

tumors (4, 15). The damage from NO during the inflammation

exactly 1 min. A doseresponse curve was plotted for trolox, and the

or carcinogenic process might be decreased by the NO antioxidant ability was expressed as TEAC.

scavengers and NOS enzyme inhibitors. A number of py-

tochemicals, such as quercetin, tocopherol, and catechins hav

been found to inhibit the damage of N@6-18). Therefore,
how to utilize the natural antioxidants in dietary plants to prevent
or improve RNS-mediated injury becomes very important.

Phagocytic cells, especially macrophages, have been impli-

cated in immunopathological disorders related to oxidative

Scavenging Effects on DPPH RadicalsThe scavenging effects of

gvater extracts from vegetables on DPPH radicals were estimated

according to the method of Shimada et 23). Vegetable extracts in

4 mL water were added to a 1 mL solution of DPPH in methanol. The
final concentrations of vegetable extracts and DPPH were200L

and 0.2 mM, respectively. The mixture was shaken vigorously and was
allowed to stand for 30 min at room temperature. The absorbance of
the resulting solution was measured at 517 nm with a spectrophotom-

stress, including inflammation and diseases. Macrophages areeter.

sensitive to changes in the oxidatntioxidant balance because
of the production of ROS and RNS as part of their normal
function. Therefore, macrophages offer an excellent model
system to study the antioxidant and NO inhibitory activities of
natural materials 19, 20). In this study, we investigate the
scavenging effects of water extracts from vegetables on NO
derived from sodium nitroprusside (SNP) in vitro systems and
study the inhibitory effects of vegetables on NO production,
iINOS enzyme activity, and its protein expression in RAW 264.7
macrophage activated by lipopolysaccharide (LPS).

MATERIALS AND METHODS

Chemicals. SNP, LPS;Escherichia coli, serotype O55:B5), 2,2
azino-bis(3-ethylbenzthiazoline-6-sulfonic acid) (ABTS), and DPPH
were purchased from the Sigma Chemical Co. (St. Louis, MO).
Dulbecco’s modified Eagle’s medium (DMEM) and fetal calf serum
(FCS) were obtained from Gibco/BRL Life Technologies (Eggenstein,
Germany). All other reagents were of analytical grade.

Vegetables and Sample ExtractionA total of 25 various vegetables
used in this study were purchased from a local market in Taichung,
Taiwan. Vegetables included (a) plant: asparagspéragus officinalis
L.), bitter gourd Momordica charantial.), bottle gourd Lagenaria
siceraria (Molina) Standl.], cauliflower Brassica oleraced.. var.
botrytis L.), celery JApium graveolend.. var. dulce (Mill.) Pers],
coriander (Coriandrum sativuit.), dried daylily (Hemerocallis fulva
L.), eggplant Bolanum melongera), fresh daylily Hemerocallis fuba
L.), garland chrysanthemum (Chrysanthemum coronatitynindian
lotus (Nelumbo nucifer&aertn.), mung bean seedlingifna radiata
(L.) Wilczek], leek @llium tuberosum), onionAflium cepal.), pea
sprout Pisum satium L.), potato Solanum tuberosurh.), sponge
gourd [Luffa cylindrica(L.) Roem.], sweet potatdgjomoea batatas
(L.) Lam.], tomato Lycopersicon esculeutuidill.), water spinach
(Ipomoea aquatic&orsk.), and wild rice sten¥{zania latifoliaTurcz.);
and (b) mushroom: Jew's eakiricularia auricula), shiitake Lentinula
edode}y straw mushroom\(olvariella volvaceg, and winter mushroom
(Flammulinavelutipes). Edible parts of vegetables were weighed and
finely minced. Each vegetable except dried daylily and Jew’s ear was
homogenized with 4 volumes of deionized water at room temperature
using a blender, and the mixture was then centrifuged’ax 4t 900@
for 30 min. Dried daylily and Jew’s ear were homogenized with 10

Scavenging Effects on Nitrite Oxide.The scavenging effects of
water extracts from vegetables on NO were measured according to the
method of Marcocci et al.24). A total of 4 mL of vegetable extract
solution was added in the test tubes to 1 mL of SNP solution (25 mM),
and the tubes were incubated at 37 for 150 min. An aliquot (0.5
mL) of the incubation solution was removed and diluted with 0.3 mL
of Griess reagent (1% sulfanilamide in 5%R0, and 0.1% naph-
thylethylenediamine dihydrochloride). The absorbance of the chro-
mophore that formed during diazotization of the nitrite with sul-
fanilamide and subsequent coupling with naphthylethylenediamine
dihydrochloride was immediately read at 570 nm and referred to the
absorbance of standard solutions of sodium nitrite salt treated in the
same way with Griess reagent. Scavenging effect<%] — (nitrite
concentration of the sample with 5 mM SNP/nitrite concentration of
the control)] x 100.

Cell Culture. The murine macrophage cell line RAW 264.7 was
obtained from the Bioresource Collection and Research Center (BCRC,
Food Industry Research and Development Institute, Hsin Chu, Taiwan).
RAW 264.7 cells were cultured in 25 or 75 &rmplastic flasks with
DMEM supplemented with 10% heat-inactivated FCS and antibiotics
(Gibco/BRL Life Technologies, Eggenstein, Germany). These cells were
activated with lug/mL LPS E. coli, Serotype 0.55:B5) and cultured
for 20 h at 37 °C in an atmosphere of 5% £0O

Inhibitory Effects on NO Production Activated by LPS. The
inhibitory effects of water extracts from vegetables on NO were
estimated according to the method of Dirsch et ab)( Cells were
seeded in 96-well plates (8 10%200 uL), cultured for 2 days, and
then incubated with or without LPS (Zg/mL) in the absence or
presence of vegetable extracts (209mL) at 37°C for 20 h. As a
parameter of NO synthesis, the nitrite concentration was assessed in
the supernatant of macrophages RAW 264.7 by the Griess reaction.
Briefly, 100uL of cell culture supernatant was removed and combined
with 60 uL of 1% sulfanilamide in 5% PO, and 60uL of 0.1%
N-(1-naphthyl)ethylenediamine dihydrochloride inCHin a 96-well
plate, followed by spectrophotometric measurement at 570 nm using a
SPECTRA microplate reader (SLT-Labinstruments). The nitrite con-
centration was determined through a comparison with a sodium nitrite
standard curve.

To determine that the observed NO inhibition was not false-positive
because of cytotoxic effects, cell respiration, an indicator of cell
viability, was determined through the mitochondrial-dependent reduction
of 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT)

and 15 volumes of deionized water, respectively. The supernatants ofto formazan. After the supernatants were removed from the plate for

vegetable extracts were freeze-dried and then storage@@fC.
Antioxidant Activity in a Linoleic Acid System. The antioxidant
activities of water extracts from vegetables were determined by the
thiocyanate metho®(). Each sample in 0.5 mL of distilled water was
mixed with linoleic acid emulsion (2.5 mL, 0.02 M at pH 7.0) and
sodium phosphate buffer (2 mL, 0.2 M at pH 7.0) and incubated at 37
°C. The antioxidant activity was evaluated from the peroxide value

nitrite determination, the cells were incubated at@avith MTT (0.5
mg/mL) for 45 min. The medium was aspirated, and the cells were
solubilized in DMSO (25Q:L) for at leas 2 h in thedark. The extent
of the reduction of MTT was quantified by measuring the absorbance
at 570 nm.

INOS Assay.iNOS activity was assayed in a macrophage by the
method of Dirsch et al.26). The cells were seeded in 25 Zfiask (8

determined by measuring the absorbance at 500 nm after coloring with x 10200xL), cultured for 2 days, and then incubated with or without

FeCb and thiocyanate at various intervals during incubation. All samples
were assayed, in triplicate, in three independent experiments.
Measure of the Antioxidative Ability by the TEAC Method. The
measure of the antioxidative ability of water extracts from vegetables
was carried out as describd by Arnao et aR)( Briefly, ABTS radical
cation (ABTS") solution was diluted in 5 mM phosphate buffered saline
(PBS) to obtain an optical density at 734 nm of about 0.80 unit of

LPS (1ug/mL) in the absence or presence of vegetable extracts (200

ug/mL) for 20 h. The cells were collected and washed 3 times with

cold PBS, frozen immediately, and stored-s&0 °C until INOS activity

was measured. iINOS activity was determined by measuring the
conversion of -[*H]arginine toL-[*H]citrulline. Briefly, the cells were
homogenized in 25 mM Tris (pH 7.4) containing EDTA (1 mM), EGTA
(1 mM), and the protease inhibitor phenylmethyisulfonyl fluoride
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(PMSF, 1 mM). The reaction mixture (40.) consisted of NADPH
(10 mM), L-[®H]arginine (LuCi/uL), 50 mM Tris-HCI (pH 7.4), uM
H4B, and 2uM FAD. After incubation for 30 min at 37C, the reaction
was stopped by adding stop buffer (0.5 M ;). The reaction mixture
was separated by means of ion exchange on a Dowex 50 Wf¢a)
column, and the activity of the elutad[®H]citrulline was quantified
by means of scintillation counting (Packard liquid scintillation analyzer
1500). Bio-Rad protein assay solution was used for protein determi-
nation, with BSA employed as a standard.

Western Blotting of the INOS Enzyme.RAW 264.7 cells were
incubated in a 25 cinflask with or without LPS in the absence or
presence of water extracts from vegetables (@2§nL) for 20 h. Cells

Bor et al.

(DIP), and the absorbance at 515 nm was read with a Hitach model
2000 spectrophotometer.

Determination of Total Anthocyanins. The content of total
anthocyanins of vegetable extracts was determined according to the
method of Cheng and BreeBX). Absorbance of 20@g/mL water
extracts from vegetable solutions (pH 1.0 and 4.5) was measured at
510 and 700 nm using a spectrophotometer. The total anthocyanin
absorbance was calculated using the following formulas= [(Asio —
Az00)pH 1.0 — (As10 — Avoopr 4.5. Delphidin was used as the standard
for a calibration curve.

Statistical Analysis. Each experiment was performed in triplicate
from separate experiments. Statistical analyses were performed ac-

were washed, harvested, and homogenized. The lysate was centrifugedording to the SAS User’s Guide. Analyses of variance were performed

at 1500@ for 20 min and standardized to contain 1.0 mg/mL total
protein. Using Tris-glycine gel (712.5%), electrophoresis was carried
out using a Mini-PROTEAN Il apparatus (Bio-Rad, Hercules, CA).
Bands were transferred into a Hybond-C nitrocellulose membrane
(Amersham, Braunschweig, Germany) using a Bio-Ray Trans-Blot
semi-dry transfer cell. INOS antibody (PA3-030A, ABR, CO) was

using the ANOVA procedure. Significant differenceg € 0.05)
between the means were determined using Duncan’s multiple range
test.

RESULTS AND DISCUSSION

secondary antibody (31340, Pierce, IL) and a NBT/BCIP detection
system (34042, Pierce, IL). Signal intensities were evaluated through
densitometric analysis.

Inhibitory Effects on DNA Damage Induced by SNP.Cells were
incubated with or without SNP (1 mM) in the absence or presence of
200 ug/mL vegetable extracts ffal h at 37°C in a dark incubator,
together with untreated control samples. Samples were then centrifuge
at 800 rpm, and the RAW 264.7 cells were resuspended in low melting

The antioxidant activities and DPPH-radical-scavenging effects
of water extracts from vegetables are summarizedahle 1.
Among 25 various vegetables, 6 vegetable extracts showed over
50% inhibition at 200ug/mL in linoleic acid peroxidation
system and decreased in the order of Indian letusoriander

o Jew's ear> shiitake> eggplant> winter mushroom. Among

6 vegetables, Indian lotus and eggplant extracts exhibited more

agarose (LMA). SNP-induced DNA damage was estimated using single- Scavenging effects on DPPH radicals, followed by shiitake and

cell gel electrophoresis (comet assadj ). Briefly, fully frosted slides
were covered with 0.5% normal melting agarose (NMA) as the first
layer, with a mixture of the cell suspension and 0.5% of LMA as the
second layer and finally with 0.5% of LMA (without the cell
suspension) as the third layer. After solidification at@, all slides
were immersed in the lysing buffer (2.5 M NaCl and 100 mM EDTA
at pH 10, with freshly added 1% Triton X-100 and 10% DMSO) at 4
°C for 1 h, and the slides were then placed in a horizontal electro-
phoresis tank. The tank was filled with freshly prepared electrophoresis
solution (300 mM NaOH and 1 mM EDTA at pH 10 and’@), and

the slides were left in the solution for 20 min to allow for DNA
unwinding and expression of alkali-labile damage before electrophore-
sis. Electrophoresis was then conducted &€4or 20 min using 25 V

and 300 mA. After electrophoresis, the slides were neutralized in
neutralization buffer, stained with ethidium bromide, kept in a humidi-

Jew’s ear extracts, and coriander showed the weakest scavenging
effects. Indian lotus, winter mushroom, eggplant, Jew’s ear, and
mung bean seedling showed stronger antioxidant activity in the
TEAC method. The relational coefficients between the linoleic
acid and TAEC methods, the linoleic acid and DPPH-scavenging
methods, the TEAC and DPPH-scavenging methods were 0.578
(p = 0.0025), 0.612 = 0.0011), and 0.682p(= 0.0002),
respectively. Therefore, the antioxidant activity of vegetable
extracts may be partly due to their scavenging effects on radicals
and blocking the chain reaction in the peroxidation of linoleic
acids. Data infable 1 indicate that the extracts from rhizome

of Indian lotus exhibit the strongest antioxidant activity and
radical-scavenging effect. Hu and Skibst&2) reported that
extracts from rhizome and the rhizome knot of edible lotus

fied airtight container, and examined using a fluorescence microscope. displayed good antioxidant activity and high total phenol

Images of 100 randomly selected cells from each slide were analyzed.gntent. Results above also showed that mushrooms could
The degree of DNA damage is expressed as the tail moment value.

Tail moment= (tail length x tail DNA%)/100.

Determination of Total Phenolic Compounds.The content of total
phenolic compounds in vegetable extracts was measured according t

HCI in methanol/water (60:40, v/v). The resulting solution (100
was added to 2.0 mL of 2% NaOs. After 2 min, 50% Folin-Ciocalteu
reagent (10L) was added to the mixture, which was then left for 30

reduce the oxidative damage of free radicals. Cheung &3l. (
compared the antioxidant activities of methanol and water crude
extracts from shiitake and straw mushroom. The results showed

the method of Taga et al. (28) and calculated using gallic acid as aothat the water extract from shiitake exhibited the most potent

standard. The vegetable extracts (0.1 g) was dissolved in 5 mL of 0.3%

radical-scavenging activity in all mushroom extracts, and
positive correlations were found between the total phenolic
content in mushroom extracts and their antioxidant activities.
In this study, three of four mushroom extracts presented good

min. Absorbance was measured at 750 nm using a spectrophotometerantioxidant activities. Therefore, mushrooms could be a source

Determination of Flavonoid Content. The spectrophotometer assay
for the quantitative determination of flavonoid content was carried out
as described by Jia et aRg). A total of 1 mL of water vegetable
extracts (20Qug/mL) was added to 5.7 mL of distilled water and 0.3
mL of 5% NaNQ. After 5 min, 3 mL of 10% AIC} was added 5 min
later. After another 6 min, 2 mL of the mixture solution was added to
2 mL of 1 N NaOH. Absorbance was measured at 510 nm using a

spectrophotometer. Quercetin was used as the standard for a calibratio

curve.

Determination of Ascorbic Acid Content. Determination of
ascorbic acid content was performed according to the method of Klein
and Perry (30). Vegetable extracts (0.1 g) were extracted with 10 mL
of 1% metaphosphoric acid. After the vegetable extracts were filtered,
the filtrate (1 mL) was added to 9 mL of 50/ 2,6-dichloroindophenol

of phenolic compounds that provide beneficial effects against
oxidative damage.

NO-Scavenging Effect.It is well-known that NO has an
important role in the various types of pathophysiological
processes. In the present study, the vegetable extracts were
evaluated for their scavenging effects on NO derived from SNP.

he compound SNP is known to decompose in agqueous solution

at physiological pH, producing NO. Under aerobic conditions,
NO reacts with oxygen to produce the stable products nitrate
and nitrite, which can be determined using Griess reagt (
Data inFigure 1 show that the scavenging effects of vegetable
extracts on NO are in decreasing order of water spiratidian
lotus > eggplant and garland chrysanthemum. Although the
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Table 1. Antioxidant Activity and Free-Radical-Scavenging Effects of Water Extracts from Vegetables

percent yield inhibition trolox quivalent scavenging
edible of extracts of peroxidation antioxidant capacity effect on DPPH
sample? part (%) (%) (TEAC, mM) (%)
plant
asparagus stem 3.81 20.6+0.6 0.09 +0.03 100+15
bitter gourd fruit 2.61 59+09 0.06 £0.01 10.4+0.4
bottle gourd fruit 312 14.1+0.2 0.06 £0.00 6.2+13
cauliflower flower/stem 4.83 7.3%0.6 0.09 £0.01 13.0+0.9
celery leaf/stem 243 436+0.2 0.08 £0.01 11.1+04
coriander leaf/stem 5.02 785+0.2 0.07 £0.02 11.7+£1.0
daylily (dried) flower 3.65 28+0.1 0.06 £0.01 17.1+£0.8
daylily (fresh) flower 3.70 12.7+0.3 0.06 £0.02 225+05
eggplant fruit 217 61.0+0.3 0.10+0.00 46.1+£0.7
garland chrysanthemum leaf 522 26.3+0.3 0.06 £0.02 84+11
Indian lotus rhizome 5.31 835%0.2 0.13+0.02 484 +0.2
mung bean seedling seedling 2.20 17.6+0.1 0.10£0.01 16.1+2.1
leek leaf 3.05 16.3+0.2 0.08 +0.01 144+08
onion bulb 5.90 134+0.2 0.06 + 0.02 4001
pea sprout sprout 3.35 25602 0.09 +0.02 117+14
potato tuber 2.38 327+03 0.07+0.01 12404
sponge gourd fruit 2.79 13.9+0.3 0.06 £0.02 179+04
sweet potato root 6.26 4703 0.03+0.01 59+27
tomato fruit 341 2804 0.07 +0.02 18.1+0.9
water spinach leaf/stem 3.62 29.3+0.1 0.06 £0.02 109+0.8
wild rice stem stem 2.69 10.5+0.2 0.06 +0.02 57+0.1
mushroom
Jew's ear fruit body 0.42 727+£04 0.10+0.00 224+27
shiitake fruit body 3.86 68.4+0.2 0.06 £0.02 240+0.1
straw mushroom fruit body 243 8.6+0.2 0.06 £0.00 83x16
winter mushroom fruit body 5.67 58.9+0.1 0.12£0.02 324+0.7
standards
trolox 97.9+0.0 95.9+0.6
BHA 90.8+0.1 2.20+0.01 94.8+0.2
o-tocopherol 78.8+0.0 1.30+0.02 95.5+0.9

@The final concentration of the sample in the reaction mixture was 200 xg/mL.

Water spinach
Indian lotus 4
Eggplant

Garland chrysanthemum
Shiitake -

Daylily (Dried)
Winter mushroom
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Tomato
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Wild rice stem
Asparagus
Potato

Bottle gourd
Bitter gourd A
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Celery

Daylily (Fresh) A
Sponge gourd
Sweet potato

40

Scavenging effect (%)

Figure 1. Scavenging effect of water extracts from vegetables on NO
derived from SNP during incubation. The concentration of vegetable

extracts used for treatment was 200 ug/mL.

from sweet potato promoted the NO generation; however, the
reason is still unknown and requires more study.

Effects on NO Generation and iNOS Expression in LPS-
Stimulated Macrophages.The effects of vegetable extracts on
the NO generation were assayed in E§tBnulated RAW 264.7
macrophages. The viability of RAW 264.7 cells were over 90%
by the addition of all vegetable extracts at the concentration of
200 ug/mL, as determined by the MTT assay. As shown in
Figure 2, the water extracts from fresh daylily flower, sponge
gourd, pea sprout, and eggplant displayed over 80% inhibition
on the NO generation stimulated by LPS. However, the dried
daylily flower exhibited a slight promotion on the NO genera-
tion. The edible part of fresh daylily is the immature flower
(green); however, the dried daylily is processed from a mature
flower (yellow) by drying and blenching with sulfite. Therefore,
the components that provided an inhibitory effect on the NO
generation may be altered in the flower maturation process or
may be affected by sulfite and remains as a matter to be studied
further.

The results of inhibitory effects on the NO generation in LPS-
stimulated RAW 264.7 macrophages were different to that of
scavenging effects on NO derived from SNP. The fresh daylily
and sponge gourd exhibited little effects on SNP-derived NO
(Figure 1); however, these two plant extracts possessed very
significantly activities on suppressing the NO production in LPS-
stimulated RAW 264.7 macrophagdsidure 2). When mac-
rophages were activated by LPS, macrophages generate NO

relational coefficient were not very good, the positive correla- from L-arginine via the catalysis of iNOS. Therefore, the
tions were observed in the scavenging effect on NO and the mechanism of inhibition on the NO generation in LPS-activated

antioxidant activity R = 0.463,p = 0.0199) and scavenging
effect on DPPH radicals (R 0.415,p = 0.0391). The extract

macrophages may be not only attributed to the scavenging
effects on NO but also effect the action of INOS. For realized
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Figure 2. Effects of water extracts from vegetables on the production of 0 PBS LPS Pea Eggplant Sponge Fresh
NO induced by LPS in RAW 264.7 macrophages. The concentration of sprout  +  gourd daylily
vegetable extracts used for treatment was 200 ug/mL. i LPS o +
LPS LPS  LPS
effects of vegetable extracts on iINOS, the enzyme activity and Figure 3. Western blotting analysis of the iNOS protein in LPS-activated
protein expression of INOS in LPS-activated macrophages wereRAW 264.7 macrophages. Cells were stimulated with LPS (1 ug/mL) and
further evaluated. LPS increased iNOS activity as measured byincubated in the absence or presence of the vegetable sample (200 g/
the conversion of-[3H]arginine toL-[3H]citrulline. The water ~ mL) for 20 h at 37 °C. (A) Bands of iNOS were identified by Westermn
extracts from pea sprout, fresh daylily flower, eggplant, and blotting with anti-INOS antibodies. (B) Immunoblots were analyzed by
sponge gourd inhibited 2535% iNOS activity, which was densitometry, and the data were generated as integrated density units.
significantly lower compared with the control (data not shown).
The effects of vegetable extracts on the production of the INOS
protein were also measured by Western blotting analizigie
3). Among four various vegetable extracts, fresh daylily flower 80 -
exhibited markedly inhibition on protein induction in LPS-
activated macrophages. However, the extracts from pea sproul
and eggplant showed no effects on the production of INOS
protein. As shown above, the extract from fresh daylily flower
that expressed the strongest inhibition on the NO production -
was contributed to the ability to reduce the iNOS induction.
The extracts from pea sprout and eggplant, on the other hand,
suppressed the NO production by scavenging on NO and 20 1
inactivating toward the INOS enzyme. The mechanism respon-
sible for NO inhibition of several plant extracts had been
reported. Wadsworth and KooB4) indicated that th&inkgo
biloba extract (EGb 761) directly scavenged NO and inhibited
LPS-induced levels of iNOS protein. Moreover, t@énkgo
biloba extract suppressed the inflammation of a rat by blocking + SNP (1 mM)
the INOS protein expression and its anti-inflammatory effect
on the eye35). The inhibition of many medicinal plant extracts
on NO production was also found to be due to direct scavenging
of NO, suppression of iINOS protein, or reduction on iNOS
MRNA expression (36). In the present study, the vegetable
extracts expressed NO inhibition via one or more mechanisms.
Effect on SNP-Mediated Macrophages DNA Damage. = DNA damage in individual cells. A positive increase in the tail
There are increasing lines of evidence that NO and its donorsmoment value was seen following 1 mM SNP treatment of
induced mutations in cultured mammalian ceBS). Several macrophages in comparison with the untreated confiigufe
reports also showed that NO or NO donors induced DNA strand 4). However, 42-48% genotoxicity of SNP was inhibited by
breaks in vitro and in vivo (3839). The effects of vegetable fresh daylily flower, sponge gourd, pea sprout, or eggplant, and
extracts on SNP-mediated DNA damage were measured by thethis decreasing effect may be partly attributed to the antioxidant
comet assay, a simple and sensitive technique used to detecactivities and NO-scavenging abilities of vegetable extracts.
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Figure 4. Effect of water extracts from vegetables on DNA damage
induced by SNP in RAW 264.7 macrophages. The concentration of the
vegetable sample used for treatment was 200 ug/mL. (*) Significiantly
different from SNP treated only (p < 0.05).



Antioxidant Activity and NO Scavenging of Vegetables J. Agric. Food Chem., Vol. 54, No. 5, 2006 1685

generation in LPStimulated RAW 264.7 macrophages. How-
ever, further studies on the effective components in fresh daylily
extracts that contributed to the ability to reduce the INOS

Table 2. Analysis of Total Phenolics, Flavonoids, Total Anthocyanins,
and Ascorbic Acid Contents of Water Extracts from Vegetables

total , total ascorbic induction are required.
cample ph(:g;gsa ﬂ‘"‘(‘r’;’g/‘;')ds a””(‘;?;g;"”s (;Cg'%) In conclusion, the present study showed that the extracts from
several vegetables were found to possess strong antioxidant
pea sprout 48.20a" 1716a 133a 220a activity and scavenging effects on free radicals and NO. Some
fggp'am . 33700 17332 L67b 2252 kinds of vegetable extracts not only effectively scavenged NO
resh daylily 22.68 ¢ 22.44b 0.50¢c 0.59b L . .
sponge gourd 20.74 d 1794 a 050 ¢ 1.20 ¢ but also potently inhibited the generation of NO in macrophages.

The mechanism responsible for NO inhibition in macrophages
seems to involve direct scavenging of NO, inactivation in INOS
activity, and reduction in the induction of INOS. Because ROS
and RNS are thought to be associated with chronic infection
and inflammation diseases, the inhibitory effects on the NO
generation by vegetable extracts determined in this study may
provide the assessment of the health effects of vegetables.

2The contents of constituents in vegetable extracts were expressed by
constituent (in milligrams)/ vegetable water extracts (in grams). Values are means
of three replicate analyses. ? Values in a column with the different superscripts
are significantly different (p < 0.05).
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