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The antioxidant and antiinflammatory effects of flavonols have been suggested to be structure-related.
Results revealed that selected flavonols, including fisetin (F), kaempferol (K), morin (MO), myricetin
(MY), and quercetin (Q), exhibited distinctive free radical scavenging properties against different kinds
of free radicals. The H donation (DPPH bleaching) potential was Q > F ~ MY > MO > K, indicating
that the presence of a 3',4'-catechol moiety in the B ring correlated with high activity. The 4'-OH in
the B ring was suggested to be important for reducing xanthing/xanthine oxidase-generated
superoxide; while an additional OH moiety on the ortho sites (3' or 5') attenuated the effect as the
observed inhibitory potency was K ~ MO > Q > F > MY. The relative inhibitory effect for Fenton-
mediated hydroxyl radical was K ~ MO ~ Q > F > MY. This result implies the involvement of 4-keto,
5-OH region in Fe™™* chelating and the negative effect of pyrogallol moiety in the B ring. Similar to
the inhibitory activity against a N-formyl-methionyl-leucyl-phenylalanine (~MLP)-stimulated oxidative
burst in human polymorphonuclear neutrophils (PMN), our result showed that the structural peculiarity
of the di-OH in the B ring obviously rendered F, Q, and MO more potent as ROS inhibitors than MY
and K, which have tri- and mono-OH in the B ring, respectively. All of the previous data indicated
that the structure prerequisite to reinforce the free radical scavenging activity varies with the type of
free radical. We further analyzed the effects of flavonols on nitric oxide (NO) production in endotoxin-
stimulated murine macrophages, RAW264.7 cells. Results showed that all flavonols (up to 10 M)
inhibited NO production without exerting detectable cytotoxicity. F, K, and Q dose-dependently
repressed INOS mRNA expression and prostaglandin E, (PGE;) production, in part through an
attenuating NF-«B signaling pathway. This result indicates that flavonols, despite structural similarity,
have different antioxidant and antiinflammatory effects.
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INTRODUCTION reaction (the well-known Haber—Weiss reaction) between

id [ d hyd ide (2).
Hydrogen peroxide (kD>), singlet oxygenlQO,), superoxide superoxide anion and hydrogen peroxide (2)

radicals (Q.-). and hydroxyl radical llectively known Nitric oxide (NO) is synthesized fromarginine by constitu-
aa;dtilisrfazct)iilz gxy)g/;ar? gpei?ecsa(;(gg),,cgr: itheer}rgosto reactivetive and inducible ni.tric oxide Sy”thﬁ‘se (CNOS an_d ”.\IOS) in
species derived from the metabolism of oxygen in aerobic numerous mammalian cells and tissue). (Constltuuv_ely
systems (1). Activated phagocytic cells produce large amoumsexpresse.d NG by neuronal NOS (nNOS) an.d endothelial NOS
of ROS. These cells, when encountering microorganisms or (eNOS)_ IS a k(_ey reg_ulz_ator of homeosta_a3|s. HO‘_NeV?r' NO
other mediators, have the membrane-bound NADPH oxidasesynth‘_es'z‘Ed by INOS is mduc_:ed by a variety 9f stlr_nuh, such
complex generate a superoxide anion, which can either spon-as QX|dants, I|popolys§cchar|de (LPS), pactena, VIruses, and
taneously or enzymatically dismutate to hydrogen peroxide. The proinflammatory cytokines. NO can be directly cytotoxic but

hydroxy! radical is thought to be made by a metal-catalyzed &" also interact with superoxide anions and result in the
formation of peroxynitrite (ONOO), which is the most reactive

RNS. Excess production of ROS, NO, and RNS can damage
DNA, lipids, proteins, and carbohydrates, leading to impaired
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MATERIALS AND METHODS

Chemicals. Kaempferol was from Fluka Chemie (Bushs, Switzer-
land). Fisetin, morin, myricetin, quercetin, luminol (5-amino-2,3-
dihydro-1,4- phthalazinedione), DPPH, xanthine, xanthine oxidase,
f-MLP (N-formyl-methionyl-leucyl-phenylalanine), Greiss reagent (1%
sulfanilamide and 0.1% naphthylenediamine in 5% phosphoric acid),
and other chemicals were purchased from Sigma-Aldrich Co. (St. Louis,
MO) unless otherwise indicated.

1,1-Diphenyl-2-picrylhydrazyl (DPPH) Scavenging Effect.The
DPPH scavenging effect was measured according to Dinis et3. (
The reaction was performed in 1 mL of solution containing 0.1 mM
freshly prepared DPPH in methanol and various concentrations of tested
samples (in DMSO). After incubation at 37C for 30 min, the
absorbance at 517 nm was measured in triplicate, and the scavenging

Flavonols Hydroxyl group
subsitituions

fisetin 3,7,3,4 effect was calculated against vehicle control (DMSO).
kaempferol  3,5,7,4’ Superoxide Radical Scavenging EffectThe modified xanthine/
morin 3,5,7,2,4 luminol/xanthine oxidase assay was used to evaluate the superoxide
myricetin 3,5,7,3,4,5 scavenging effect of selected flavonol$y. Briefly, the reaction was
quercetin 3,5,7,3, 4 carried out in a mixture containing 80 of 10 mM luminol (in PBS)

and 10uL of different flavonols (in DMSO). Subsequently,/& of

Figure 1. Generic structure of flavonols and selected compounds where xanthine oxidase (0.02 unit/mL) was added. The reaction was started

the hydroxyl groups of rings A and B are shown. by the addition of 5uL of xanthine (0.03 M in 1 N NaOH). The
superoxide-induced luminol CL during the first 1 min was measured.

transcriptional level by the nuclear factoB- (NF-«B) (4). NF- The inhibitory efficiency in response to the CL of vehicle control

«B exists within the cytoplasm in an inactive form associated (DMSO) was calculated.

with regulatory proteins, called inhibitors @B (1«B). Upon Hydroxyl Radical Scavenging Effect. The hydroxyl radical-

stimulation by various extracellular signals, including LPS, the guenching activity of selected flavonols was measured by Fe- ()
1B kinase (IKK) phosphorylateB, inducing its ubiquination H2O,—luminol CL mgthod modified from literaturel{). Bfneﬂy, the

_ | . . . ; L oM
and subsequent degradation. NF-«B is then free to translocate/aCtion was carried out in a mixture containing 40 of 1
to the nucleus where it facilitates the transcription of many luminol (in PBS), 20uL of ferrous (100uM)~EDTA (500 xM)

includi infl ki h Ki d complex, 20uL of 5% H,O,, and 10uL of flavonol (in DMSO). The
genes, including proinflammatory cytokines, chemokines, an hydroxyl-induced luminol CL during the first 1 min was averaged. The

antiapoptotic factors. inhibitory efficiency in response to the CL of vehicle control (DMSO)
Classically oxidative stress is described as an imbalancewas calculated.

between generation and elimination of ROS and RNS. Oxidative  Preparation of Human Polymorphonuclear Neutrophils (PMN).

stress plays a prominent role in the pathogenesis of manyPMN was isolated from heparinized blood donated by healthy

diseases such as respiratory distress syndrome, ischemeia/olunteers using Ficoll-Paque (Amersham Pharmacia, Upsala, Sweden)

reperfusion injury, renal failure, rheumatoid arthritis, local or density gradient centrifugation according to the manufacturer’s instruc-

systemic inflammatory disorders, diabetes, atherosclerosis,tions. The isolated PMN was resuspended in RPMI-1640 medium

cancer, and neurodegenerative diseaSe$)( Dietary intake ~ containing 2 mM glutamine and 2.5% autologous plasma.

of naturally occurring antioxidants, which scavenge free radicals, Measgremgm °fN'chmy_l'm'_ath'Onyl'le“Cyl'phe”y'ala”'dne -

may be effective to prevent such diseases. This is the reasor]|-F)-Induced ROS Production in Human PMN. ROS production

for th t st int fi tural antioxidant d thei was measured using a modified luminol-enhanced CL mett8jl (
or ecurren strong interest In natural antioxidants an €I The cL response of PMN was measured using microtiter plate
roles in human health.

i ] _luminometer within 5 h after blood collection. Each well that contained
The flavonoids have long been recognized to possess anti-3 x 10° PMN, 1 mM luminol, and vehicle (1% DMSO) or flavonol
inflammatory, antioxidant, antiallergic, hepatoprotective, anti- (10 uM, in vehicle) was incubated at 3T in 5% CQ for 15 min.
thrombotic, antiviral, and anticarcinogenic activitied.(The The activator, 1uM f-MLP, was then added, the light emission,
flavonoids also act as potent metal chelators and free radicalexpressed as relative light units (RLU), was monitored every 1 min
scavengers and are powerful chain-breaking antioxida@jts (  for 5 s during a 10 min observation period, and the kinetic curve was
The activities of flavonoids are dependent on their chemical °Ptained. _
structures. The position and the degree of hydroxylation have Cell Culture. RAW 264.7 cells were purchased from the Bioresource

. Co . Collection and Research Center (Hsinchu, Taiwan) and cultured in
been demonstrated tq be the. most important for their biochemi Delbecco’s modified Eagle’s medium (DMEM) with 10% fetal bovine
cal and pharmacological actions (9—11).

) serum, 2 mM glutamine, 1% nonessential amino acid, 1 mM pyruvate,
It has been suggested that flavonols, which have 3-OH, are 100 u/mL penicillin, and 10Qug/mL streptomycin (Invitrogen Life
the strongest antioxidants among flavonoidg,(13). The B Technologies, Carlsbad, CA). The cells were maintained in a humidified
ring OH moiety has been shown to be the most significant incubator at 37C in 5% CQ.
determinant factor in the scavenging of RA3,(@14). In addition Nitrite and Prostaglandin E, (PGE;) Measurement.RAW 264.7
to OH moieties in the structural arrangements of flavonols, the cells were cultured in 96-well plates until confluent. Vehicle (DMSO)
resonance of electrons between A and B rings may also bealone or LPS (lug/mL) in combination with vehicle or indicated
important for their antioxidant and biological activities. In this @mount of flavonol was added into well and incubated atG7n 5%
study, we examine the antioxidant and antiinflammatory activi- C©z for 24 h. Nitrite production, an indicator of NO synthesis, was
ties of selected flavonols, including fisetin, kaempferol, morin, e" determined by the Griess reaction. The culture supernatant was
o . : mixed with an equal volume of Griess reagent. The optical density at
myrl(?etln, anq qugrcetlﬂgure 1), to seek possible StrUCture_, .. 550 nm (A550) was measured and calculated against a sodium nitrite
function relationships. Current results show that flavonols exhibit siangard curve. The level of P the supernatant of the culture
d|St|nCt|Ve antIOXIdant and ant”nﬂammatory pOtentIa|S and that medium was measured using an ELISA kit (Cayman ChemicaL Ann
the structures required to strengthen these activities vary with Arbor, MI). Assays were performed according to the manufacturer’s
sorts of free radicals and mechanisms. instruction.
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Table 1. 1,1-Diphenyl-2-picrylhydrazyl (DPPH) Radical Scavenging
Effects of Selected Flavonols

tested compounds? DPPH scavenging activity? ICs («M)

Gisetin 11.84+0.39
Kaempferol 25.70 £1.02
Morin 20.86 £ 0.24
Myricetin 12.29 +0.59
Quercetin 8.05+0.52
o-tocopherol 2736 +1.64

2 Al tested samples were dissolved in DMSO. © The reaction was performed
against 1 mM freshly prepared DPPH. After incubation at 37 °C for 30 min, the
absorbance at 517 nm was measured in triplicate, and the scavenging effect was
calculated against vehicle control (DMSO).

RT-PCR for iINOS and S-Actin. RAW 264.7 cells were cultured
in 6-well plates until confluent. LPS (1g/mL) alone or in combination
with an indicated amount of flavonol was added and incubated at 37
°Cin 5% CQ for 15 h. Total cellular RNA was prepared using a RNA
miniprep System (Viogene, Taipei, Taiwan). RT-PCR was performed
using the Access RT-PCR System (Promega, Madison, WI). This
reaction was carried out in a total volume of &0, containing 1xg of
RNA, reaction buffer (1X), 0.2 mM dNTP, 50 pmol of each primer, 1
mM MgSQ,, AMV reverse transcriptase (5 U), andi DNA poly-
merase (5 U). Forward and reverse primers used for PCR for iNOS
were 5'-CCCTTCCGAAGTTTCTGG CAGCAGC-3nd 5'-GGCT-
GTCAGAGAGCC TCG TGGCTTTGG-3', respectively. Forward and
reverse primers used for PCR f@ractin were 5ATGCCATCCT-
GCGTCTGGAC CTGG-3and 5'-AGCATTTGCGGTGCACGATG-
GAGGG-3', respectively. After reverse transcription at°@8for 45
min, the PCR was performed as follows: initiation of denaturation at
94 °C for 2 min, 10 cycles of primary amplification (94 for 45 s,
65 °C for 45 s, and 72C for 2 min), and secondary amplification (94
°C for 45 s, 67°C for 45 s, and 72C for 2 min), followed by an
extension at 72C for 10 min. RT--PCR products were separated by
2% agarose gel electrophoresis followed by ethidium bromide staining.

Electrophoreic Mobility Shift Assay (EMSA). RAW264.7 cells
were grown in 6-well plates and stimulated with LPS«f/mL) alone
or in combination with fisetin, kaempferol, and quercetin (1) for
30 min. Nuclear extracts were prepared by NE-PER Nuclear and
Cytoplasmic Extraction Reagent (Pierce Endogen, Rockford, IL). EMSA
experiments were performed using a LightShift Chemiluminescent
EMSA Kit (Pierce Endogen). Briefly, 2@g of nuclear protein was
incubated with 50 fmol of Bbiotinate double-stranded oligonucleotide
probes containing a consensus-binding sequence foxBNK5'-
AGTTGAGGGGACTTT CCCAGGC-J for 20 min at room temper-
ature and resolved in an 8% nondenaturing polyacrylamide gel. The
protein—DNA—biotin complexes were blotted onto a nylon membrane
followed by UV cross-linking. The complexes were revealed with
streptavidin—horseradish peroxidase conjugate and LightShift chemi-
luminescent substrate. The specificity of the DNprotein complex
was confirmed by competition with a 100-fold excess of an unlabeled
NF-«B probe.

Statistical Analysis.All experiments were repeated at least 3 times.
The results were analyzed by Student’s unpatregst, and g value
of <0.05 was taken to be significant.

RESULTS

Effects of Flavonols on Free Radical ScavengingTo
evaluate the relative antioxidant activity of flavonols, we started
by investigating stable free radical (DPPH), superoxidg
and hydroxyl radical (OHe) scavenging actionfable 1

Wang et al.
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Figure 2. Flavonols inhibit superoxide-elicited chemiluminescence (CL).
The reaction was carried out in a mixture containing 80 uL of 10 mM
luminol (in PBS) and 10 wL of different samples. Subsequently, 5 uL of
xanthine oxidase (0.02 unit/mL) was added. The reaction was started by
the addition of 5 uL of xanthine (0.03 M in 1 N NaOH). The superoxide-
induced luminol CL during the first 1 min was measured. The inhibitory
efficiency in response to the CL of vehicle control (DMSO) was calculated.
Data represent the mean + SEM (n = 3) of vehicle control.

To further investigate the ROS scavenging potentials of
flavonols, luminol-enhanced CL was employed to evaluate the
superoxide and hydroxyl radical scavenging activities. Super-
oxide produced by xanthine/xanthine oxidase caused an increase
in luminol-enhanced CL, and the addition of flavonols markedly
inhibited CL in dose-dependent manners as showRigure
2. It was found that kaempferol and morin were the strongest
superoxide scavengers with a compatiblgol&out 0.54M,
followed by quercetin and fisetin in succession. Myricetin did
not show detectable scavenging activity for superoxide. For
comparison, the 1§ of a specific superoxide acceptor, 4,5-
dihydroxy-1,3-benzene disulfonic acid (tiron) (19), was found
to be about 1 mM (data not shown).

Figure 3 showed that kaempferol, morin, and quercetin were
the strongest scavengers for Fenton-mediated hydroxy! radical
with compatible potency, and the estimatedd@as around
0.5 uM. Similar to those for a superoxide radical, myricetin
was the weakest hydroxyl radical scavenger with agp &dout
10-fold higher than those of kaempferol, morin, and quercetin.

Production of ROS by leukocytes is a potent microbicidal
mechanism, but unrestrained production of these toxic metabo-
lites has been indicated to mediate tissue damage. To examine
the relative efficiency of flavonols for inhibiting ROS production
in activated human leukocytes, we set up an in vitro method
with luminol-enhanced CL to measure the ROS production
induced byf-MLP in PMN. Chemoattractive peptideMLP
activates an oxidative burst by its binding to a membrane

demonstrates that the relative DPPH scavenging potential wasreceptor and activating a signal transduction pathway that leads

on the order of Q> F ~ MY > MO > K. Among them,
quercetin was the strongest with ans¢@alue of 8.05+ 0.52
uM, while kaempferol was the weakest withgfof 25.70+
1.02uM. The positive controlp-tocopherol, was the weakest
DPPH scavenger as compared with the tested flavonols.

to an oxidative burst being induce@Q). Figure 4 showed the
kinetic profile of af-MLP-stimulated oxidative burst in PMN.
Flavonols (10xM) differentially inhibited an oxidative burst.
Among them, fisetin had the strongest potency and almost
completely abolishe@tMLP-induced ROS. On the other hand,
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Figure 3. Flavonols inhibit hydroxyl radical-elicited chemiluminescence
(CL). The reaction was carried out in a mixture containing 50 uL of 10
mM luminol (in PBS), 20 uL of ferrous (100 M)—EDTA (500 M) complex,
20 uL of 5% Hy0,, and 10 uL of flavonols (in DMSO). The hydroxyl-
induced luminol CL during the first 1 min was averaged. The inhibitory
efficiency in response to the CL of vehicle control (DMSO) was calculated.
Data represent the mean £ SEM (n = 10) of vehicle control.
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Figure 4. Flavonols inhibit ~MLP-induced oxidative burst in PMN. Each
well containing 3 x 105 PMN, 1 mM luminol and vehicle, or 10 uM
indicated flavonol was incubated at 37 °C in 5% CO, for 15 min. The
activator, 10 uM £MLP, was then added, and the light emission, expressed
as relative light units (RLU), was monitored every 1 min for 5 s during a
10 min observation period. The experiments were repeated 3 times with
a representative result shown.

kaempherol showed the weakest inhibitory activity and inhibited
only about 60% of oxidative burst at the same concentration.
Effects of Flavonols on Nitrite ReleaseNitric oxide (NO)
synthesized by activated inflammatory cells regulates the
functions of other cells involved in the inflammatory process
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Figure 5. Effects of selected flavonols on nitrite and PGE; formation in
RAW 264.7 macrophages. RAW 264.7 macrophages were cultured at 37
°C for 24 h in a 96-well plate in the presence of vehicle control (V, DMSO),
LPS (1 ug/mL) plus vehicle (V), or LPS (1 ug/mL) in combination with
indicated concentrations of flavonol. (A) The culture supernatant was mixed
with Griess reagent for nitrite analysis. (B) The level of PGE; in the
supernatant was measured using an ELISA kit. Data are expressed as
the mean = SEM of three individual experiments. Statistically significant
inhibition (*p < 0.01), as compared with the groups treated with LPS
plus vehicle.

and appears to act as a secondary mediator of some actions of
proinflammatory cytokines. The effects of flavonols on NO
production in LPS-stimulated RAW264.7 macrophages are
shown inFigure 5A. Stimulation of cells with LPS (Lg/mL)

for 24 h induced a dramatic increase in nitrite production from
the basal level (1.8& 1.52 uM) to 30.4 + 1.3 uM. Fisetin,
kaempferol, and quercetin evoked a dose-dependent inhibition
on nitrite releasen( = 3), and the inhibition reached 72, 65,
and 71% at 10uM, respectively. In contrast, morin and
myricetin are significantly weaker and with no dose-dependent
effect. A MTT test revealed that none of the flavonols (up to
10uM) caused significant cytotoxicity of RAW264.7 cells (data
not shown). This result implies that flavonols inhibited nitrite
release without causing cell death.
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Figure 6. RT-PCR analysis of INOS mRNA expression. RAW 264.7 cells
were cultured with LPS (1 xg/mL) alone or in combination with indicated
amounts of flavonol at 37 °C in 5% CO, for 15 h. Total RNA was isolated
for INOS and S-actin mRNA analyses. The experiments were replicated
3 times with similar results.

Effects of Fisetin, Kaempferol, and Quercetin on iNOS
mRNA Expression. To further assess the effect of fisetin,
kaempferol, and quercetin administration on INOS mRNA
levels, RAW264.7 cells were cotreated with LPSg@/mL)
and three flavonols (5 and M) for 15 h. RT-PCR analysis

Wang et al.
LPS -+ o+ o+ o+
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(10uM)
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Figure 7. Effect of fistetin (F), kaempferol (K), and quercetin (Q) on LPS-
induced «B DNA binding. RAW 264.7 cells were treated with LPS (1
ug/mL) with vehicle or indicated flavonol (10 x«M) for 30 min. Nuclear
extracts were prepared and analyzed for «B DNA hinding using the
electrophoreic mobility shift assay (EMSA). Assays were repeated 3 times
with a representative result shown.

of the extracted RNA revealed that LPS caused an increase inhydroxyl (OH) moieties on the structure (26). The association

INOS mRNA expression as compared with the control group
(Figure 6). Fisetin, kaempferol, and quercetin, in conjunction
with the stimuli, blocked this induction dose-dependently. Thus,
the action of fisetin, kaempferol, and quercetin on NO release
was caused, at least in part, by inhibition of INOS mMRNA
expression.

Effects of Fisetin, Kaempferol, and Quercetin on PGk
Release.It has been shown that quercetin and kaempherol
exerted their antiinflammatory and anticancer effects through
inhibition of COX-2 gene expression (222). To the best of
our knowledge, literature regarding to the effect of fisetin on
PGE production has yet been reporté&dgure 5B showed that
stimulation of RAW 264.7 cells with LPS (Zg/mL) for 24 h
induced a dramatic increase in P&Eoduction from the basal
level (69 + 6 pg/mL) to 29719+ 917 pg/mL. Fisetin,
kaempferol, and quercetin evoked a dose-dependent inhibition
of LPS-activated PGErelease (n= 3), and the inhibition

reached 45, 74, and 51%, respectively, when the concentrationto f

was 10uM.

Effects of Fisetin, Kaempferol, and Quercetin on NF«B
Activation. A search for common pathways involved in the
regulated induction of diverse inflammatory gene expression

has focused on transcriptional control mechanisms and has

identified NF«B as a likely converging point of various immune
and inflammatory response23). It has also been shown that
quercetin and kaempferol suppressed d#B signal trans-
duction pathways in LPS-stimulated macrophages c24s25).
However, there is no report with regard to the effect of fisetin
on NF«B activation so farFigure 7 demonstrated that nuclear
extracts from LPS-stimulated macrophages exhibited stt8ag
binding activity in electrophoretic mobility shift assays (EMSA)
using a biotin-labeled oligonucleotide containing a consensus
NF-«B-binding site. The binding was specific since it was
inhibited with an excess of unlabeled, identical oligonucleotide
and was absent from the nuclear extract of nonstimulated cells
(data not shown). Nuclear extract from macrophages stimulated
with LPS plus kaempferol or quercetin (20M) showed a
significantly decreasedB-binding activity, while less effects
were found for LPS plus fisetin.

DISCUSSION

of the number of OH moieties with the antioxidant activity of

flavonoids has been investigated extensivély-11, 27, 28).

In general, free radical scavenging by flavonoids occurs via
electron donation from the free hydroxyls on the flavonoid
nucleus with the formation of less reactive flavonoid aroxyl

radicals (29).

We started our study of the structure—function relationship
of flavonols from DPPH free radical bleaching, which has been
routinely used to test hydrogen atom donation activity for
antioxidants 15). We found that quercetin, myricetin, and fistin,
which have ortho '34'-di-OH in the B ring (catechol), have a
significantly stronger DPPH scavenging activity than kaem-
pherol (4-OH) or morin (2,4 -di-OH). This result indicates that
the structure prerequisite to reinforce DPPH scavenging is the
catechol arrangement. This result is in agreement with published
data (9), which suggested that the high scavenging activity of
3',4'-catechol was attributed to their rapid reaction with DPPH
orm dimers.

Xanthine oxidase is a source of oxygen free radicals. In the
reperfusion phase (i.e., reoxygenation), xanthine oxidase reacts
with molecular oxygen, thereby releasing superoxide free
radicals. In the present paper, we demonstrated that flavonols
inhibited superoxide production generated by xanthine/xanthine
oxidase. Among them, morin'(@'-di-OH) and kaempherol (4
OH) have stronger activities than qucercetin or fisetih4(3
di-OH), while myricetin (34',5'-tri-OH) has no detectable
activity. It has been demonstrated that flavonoids inhibited
xanthine oxidase activity and/or scavenged superoxd@g As
a result, the decrease of superoxide may be due to the
combinatory effects of scavenging superoxide and inhibiting
xanthine oxidase activity. It has also been reported that
kaempferol is a very good superoxide scavenger, even though
it has only one hydroxyl group on the B ring'{@H) possibly
because of the combination of the other characteristics<(C2
C3 double bond, 3-OH group, and 4-oxo group on the C ring)
(31). The structural peculiarities of the C ring obviously are
common for the tested flavonols; therefore, the difference in
the reduction of superoxide production may be attributed only
to the location rather than the number of OH substitutions on
the B ring. 4'-OH may be sufficient to render a flavonol as an
inhibitor of xanthine oxidase and/or scavenger of superoxide.

Flavonoids have been suggested to have several potentialThe additional OH group on the ortho sites (3'- orCH)

health benefits due to their antioxidant and antiinflammatory
activities, which are attributed to the presence of phenolic

attenuated the activity possibly through steric hindrance, as the
OH group on the meta site'¢®H) did not influence the effect.
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We found that kaempherol, morin, and qucercetin exerted
compatible inhibitory activity against Fenton-generated hydroxyl
radicals, while fisetin and myricetin were significantly weaker.
It has been well-known that metal-binding properties of fla-
vonoids offer antioxidant action by encapsulation of a pro-
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ABBREVIATIONS USED

CL, chemiluminescence; COX-2, cyclooxygenase-2; EMSA,
electrophoreic mobility shift assafLP, N-formyl-methionyl-
leucyl-phenylalanine; LPS, lipopolysaccharide; NO, nitric oxide;

oxidant iron species, which generates hydroxyl radical speciesPGE, prostaglandin i PMN, polymorphonuclear neutrophils;

through the Fenton reaction3Z). The structural features

RNS, reactive nitrogen species; ROS, reactive oxygen species.

contributed to the metal chelating have been suggested to be

4-keto, 5-OH region, 4-keto, 3-OH region, arigh3di-OH (33).

Current results suggested that the 4-keto, 5-OH region conferred

the activity for chelating F&", while the pyrogallol moiety in
the B ring attenuated the effects.

From the previous in vitro data, it seems that myricetin, which
has six OH moieties, showed the least antioxidant activity
against both superoxide and hydroxyl radicals. It has been
reported that the level of antioxidant activity increased depend-
ing on the numbers of OH groups when OH derivatives up to
five but compounds with six OH groups conversely declined
(11). It has also been suggested that myricetin bearing a
pyrogallol moiety has a lower antioxidant potential than a
quercetin containing catechol moiety (34).

To look for compounds from plants or natural products for
the prevention of ROS-associated disorders by inflammatory
cells is one of the important strategies for antioxidant therapy
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