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ABSTRACT Kaempferol, one of the phytoestrogens, is found in berries and Brassica and Allium species and is known to
have antioxidative and anti-inflammatory properties. In the present study, we examined the molecular mechanisms underly-
ing the anti-inflammation effect of kaempferol in an aged animal model. To examine the effect of kaempferol in aged Sprague-
Dawley rats, kaempferol was fed at 2 or 4 mg/kg/day for 10 days. The data show that kaempferol exhibited the ability to
maintain redox balance. Kaempferol suppressed nuclear factor-«B (NF-«B) activation and expression of its target genes cy-
clooxygenase-2, inducible nitric oxide synthase, monocyte chemoattractant protein-1, and regulated upon activation, and nor-
mal T-cell expressed and secreted in aged rat kidney and in tert-butylhydroperoxide-induced YPEN-1 cells. Furthermore,
kaempferol suppressed the increase of the pro-inflammatory NF-«kB cascade through modulation of nuclear factor-inducing
kinase (NIK)/I«B kinase (IKK) and mitogen-activated protein kinases (MAPKs) in aged rat kidney. Based on these results,
we concluded that anti-oxidative kaempferol suppressed the activation of inflammatory NF-«B transcription factor through

NIK/IKK and MAPKSs in aged rat kidney.
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INTRODUCTION

PHYTOESTROGENS ARE PLANT-DERIVED, nonsteroidal com-
pounds that bind to estrogen receptors and produce es-
trogen-like activity.! They have attracted much attention
among the public and medical communities because of their
potential beneficial role in the prevention and treatment of
cardiovascular diseases, osteoporosis, diabetes, and obe-
sity.>3 The anti-inflammatory action of kaempferol, a phy-
toestrogen, is reported to inhibit the gene expression of
lipopolysaccharide-induced interleukin 18 and tumor necro-
sis factor-a (TNF-a) in J774.2 macrophages.* Also,
kaempferol has been shown to efficiently modulate redox
status, for which balance may play a role in the regulation
of inflammatory mediators such as TNF-« and cyclooxyge-
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nase-2 (COX-2).5 Recent studies have demonstrated that
kaempferol’s anti-inflammatory effects down-regulate the
nuclear factor-kB (NF-«kB) pathway in a cell culture sys-
tem.%7’

However, the effectiveness of kaempferol as a reduction-
oxidation (redox) modulator on pro-inflammatory NF-«xB
activation and its signal pathway in aged rat kidney has not
been studied.

Aging is characteristically described as time-dependent
functional declines that lead to inability to withstand exter-
nal and internal changes, resulting in eventual homeostatic
failure. Currently, the best mechanistic elucidations of ag-
ing are offered by the oxidative stress hypothesis, which pro-
poses the cellular redox imbalance is the underlying cause
of aging.® One of the major consequences of redox dis-
ruption is the well-known age-related chronic inflammatory
process.!%!! Recent reviews published from our laboratory
elaborated on the interrelation between oxidative stress and
inflammations during aging and highlighted redox-sensitive
NF-«B as playing a key role in the pro-inflammatory state
of aged organisms.!'!-12
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NF-«B is one of the principal inducible transcription fac-
tors shown to respond directly to oxidative stress.!>!4 Under
normal physiological conditions, NF-«B exists in the cyto-
plasm as an inactive form complexed by its inhibitory sub-
unit, I«kBa.. Oxidative stress activates nuclear factor-inducing
kinase (NIK)/IkB kinase (IKK) and mitogen-activated pro-
tein kinases (MAPKs).!5-18 NIK/IKK and MAPK pathways
then translocate activated NF-«B to the nucleus and permit
the binding of NF-«kB to regulatory elements in DNA en-
hancers and promote subsequent to gene expression. !0

For our present study, we chose to examine kidney tissue
and YPEN-1 cells. Kidney consists of endothelial and ep-
ithelial cells, and it is metabolically active, sensitive to many
age-related changes in blood vessel tone determined by the
balance between vasoconstrictors and vasodilators. More-
over, endothelial cells are easily affected by age-related
changes.?! Therefore, we chose kidney and the endothelial
cell type YPEN-1 cell line for the study. Recently, our lab-
oratory presented evidence that rat kidney tissue and the
YPEN-1 cell line are used to increase NF-«B activation dur-
ing aging.??

In the present study, we examined the efficacy of the mol-
ecular modulation mechanism of kaempferol’s anti-oxida-
tive and anti-inflammatory potentials in a cell system and
in aged rats. Here, we report on the suppressive action of
kaempferol on NF-«B activation through the activation of
NIK/IKK and MAPK pathways during aging.

MATERIALS AND METHODS

Animals

Specific pathogen-free male Sprague-Dawley rats were
obtained from Samtako (Osan, Republic of Korea). Rats
were fed a diet of the following composition: 21% soybean
protein, 15% sucrose, 43.65% dextrin, 10% corn oil, 0.15%
a-methionine, 0.2% choline chloride, 5% salt mix, 2% vit-
amin mix, and 3% Solka-Floc® (International Fiber Co.,
North Tonawanda, NY).

Specific pathogen-free male Sprague-Dawley rats at 7 and
20 months of age were used for young and aged rats, re-
spectively. To examine the anti-inflammatory effects of
kaempferol in aged rats, we fed the rats two different lev-
els of kaempferol. Kaempferol was ground and mixed with
rat chow at 0.01% or 0.02% final concentration and was fed
ad libitum to the 20-month-old rats for 10 days. We esti-
mated each animal consumed on average 2 or 4 mg/kg/day
by monitoring the amount of chow consumed each day. In
addition, we measured the animal’s body weight each day.
Young and aged rats not fed kaempferol were fed a normal
diet and water ad libitum. After feeding for 10 days, the rats
were sacrificed by decapitation, and their kidneys were
quickly removed. The tissues were immediately frozen in
liquid nitrogen and stored at —80°C. Each group contained
five rats. We found no gross morphological changes in these
kidneys. Although histopathological examination was not
done in the present study, these aged rats were raised under

the same condition, including soy protein diets, as those used
by Iwasaki et al.,”> who found little evidence of renal le-
sions in aged rats.

In the study, rats were divided into four groups (five rats
in each group). Body weights of each group were as fol-
lows: 7-month-old rats, 527 = 10.6 g; 20-month-old rats
not fed kaempferol, 652 = 30.1 g; 20-month-old rats fed
kaempferol (2 mg/kg/day), 650 = 56.3 g; and 20-month-old
rats fed kaempferol (4 mg/kg/day), 704 *= 23.3 g.

Reagents

Kaempferol and fert-butylhydroperoxide (+-BHP) were
purchased from Sigma (St. Louis, MO). 2’,7'-Dichloroflu-
orescin diacetate (DCF-DA) was obtained from Molecular
Probes, Inc. (Eugene, OR). Various primary antibodies and
a horseradish peroxide-conjugated goat anti-rabbit antibody
were obtained from Santa Cruz Biotechnology (Santa Cruz,
CA). The radionucleotide [32P]JATP and the enhanced
chemiluminescence kit were obtained from Amersham (Lit-
tle Chalfont, UK). Transfection reagent FuGENE® 6 was
purchased from Roche (Indianapolis, IN). The Steady-Glo®
luciferase assay system was purchased from Promega
(Madison, WI). All other chemicals, including the protein
assay kit with bicinchoninic acid, were of the highest purity
available from Sigma.

Preparation of cytosolic and nuclear fractions
from tissue

Three hundred milligrams of frozen kidney tissue was
washed with phosphate-buffered saline and homogenized in
2 mL of hypotonic lysis buffer (buffer A) (10 mM HEPES
[pH 7.8], 10 mM KCI, 2 mM MgCl,, 1 mM dithiothreitol,
0.1 mM EDTA, and 0.1 mM phenylmethylsulfonyl fluoride)
using a tissue homogenizer for 20 seconds. Homogenates
were kept on ice for 15 minutes, 125 uL. of 10% Nonidet
P-40 solution was added and mixed for 15 seconds, and the
mixture was centrifuged for 30 seconds at 12,000 g. The
pelleted nuclei was washed once with 400 uL of buffer A
plus 25 uL of 10% Nonidet P-40, centrifuged, suspended in
200 uL of buffer C (50 mM HEPES [pH 7.8], 50 mM KClI,
300 mM NaCl, 0.1 mM phenylmethylsulfonyl fluoride, and
10% [vol/vol] glycerol), mixed for 20 minutes, and cen-
trifuged for 5 minutes at 12,000 g. The supernatant con-
taining nuclear proteins was harvested, its protein concen-
tration was determined, and it was then stored at —80°C.

Assessments of intracellular oxidative stress in
cultured cells

YPEN-1 endothelial cells were purchased from American
Type Culture Collection (Rockville, MD). YPEN-1 cells
were cultured in Dulbecco’s Modified Eagle Medium (Nis-
sui Co., Tokyo, Japan) supplemented with 5% heat-inacti-
vated (56°C for 30 minutes) fetal bovine serum (Gibco,
Grand Island, NY).
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To determine intracellular reactive species (RS) scav-
enging activity,”> YPEN-1 cells were seeded in a 96-well
plate. After 1 day, the medium was changed to a fresh,
serum-free medium. The cells were treated with or without
kaempferol for 1 hour. Cells were treated with +-BHP (200
uM) to induce RS generation for 6 hours, and the medium
was replaced by a fresh, serum-free medium containing
H,DCF-DA (final concentration, 20 uM). The fluorescence
intensity of 2',7'-dichlorofluorescin was measured every 5
minutes for 30 minutes using the microplate fluorescence
reader with excitation and emission wavelengths of 485 and
535 nm, respectively. For visible detection of intracellular
RS, cells were seeded in a six-well plate. After incubation
cells with kaempferol and -BHP, the medium was removed,
and DCF-DA (5 uM) was added to cells. YPEN-1 cells were
observed using an Axiovert 100 fluorescence microscope
(Zeiss, Oberkochen, Germany) at X120 magnifications.

Assessment of reduced glutathione (GSH)/glutathione
disulfide (GSSG) in aged rat kidney

To measure GSH/GSSG levels, | mM EDTA/50 mM phos-
phate buffer was added to the supernatant of trichloroacetic
acid-treated homogenates. For the GSH assay, o-phthalde-
hyde was added to the supernatant of trichloroacetic acid-
treated homogenates and incubated for 25 minutes at room
temperature. For the GSSG assay, N-ethylmaleimide was
added to the supernatant of trichloroacetic acid-treated ho-
mogenates and incubated for 30 minutes at room tempera-
ture. NaOH (0.5 N) and o-phthaldehyde were added to the
sample and incubated for 25 minutes. Both GSH and GSSG
levels were measured at excitation and emission wavelengths
set at 360 and 460 nm, respectively.?*

NF-kB-dependent reporter gene assay

NF-«B activity was examined using a luciferase plasmid
DNA, pTAL-NF-«B, that contains a specific binding se-
quence for NF-«B (BD Biosciences Clontech, Mountain-
view, CA).? Transfection was carried out using FuGENE
6 reagent. In brief, 2 X 10* YPEN-1 cells per well were
seeded in 48-well plates. When cultured cells reached about
50% confluence, cells were treated with 0.1 wg of DNA/0.2
uL of FuGENE 6 complexes in a total volume of 500 uL
of 5% serum in normal medium for 48 hours. Subsequently,
2.5 uM t-BHP was added to the plate after the medium was
changed to serum-free medium, and several doses of
kaempferol were incubated for 1 hour. After additional in-
cubation for 6 hours, cells were washed with phosphate-
buffered saline, and the Steady-Glo Luciferase luciferase as-
say system was added to the plate. Luciferase activity was
measured by a luminometer (GeNios, Tecan Instruments,
Maennedorf, Switzerland).

Western blot analysis

The prepared samples in gel buffer (pH 6.8) (12.5 mM
Tris, 4% sodium dodecyl sulfate, 20% glycerol, 10% 2-mer-

captoethanol, and 0.2% bromophenol blue) at a ratio of 1:1
were boiled for 5 minutes. Equal amounts of proteins for
each sample were separated on 8—17% sodium dodecyl sul-
fate-polyacryamide minigels at 100 V and transferred to a
polyvinylidene difluoride membrane at 100 V for 90 min-
utes in a wet transfer system (Bio-Rad, Hercules, CA). The
membrane was immediately placed into a blocking solution
(5% [wt/vol] skim milk powder in Tris-buffered saline-
Tween 20 (TBS-T) buffer containing 10 mM Tris, 100 mM
NaCl, and 0.1 mM Tween-20, pH 7.4) at room temperature
for 1 hour. The membrane was washed in TBS-T buffer for
30 minutes and incubated with a primary antibody at room
temperature for 3 hours. After three 10-minute washings in
TBS-T buffer, the membrane was incubated with horserad-
ish peroxidase-conjugated secondary antibody at room tem-
perature for 2 hours. After three 10-minute washings in TBS-
T buffer, antibody labeling was detected using enhanced
chemiluminescence and exposed to radiographic film.

Electrophoretic mobility shift assay (EMSA)

The EMSA method was used to characterize the binding
activities of NF-«B transcription factors in nuclear ex-
tracts.”’® The NF-«B oligonucleotide sequence was 5'-
GAGAGGCAAGGGGATTCCCTTAGTTAGGA-3'. Pro-
tein-DNA binding assays were performed with 20 ug of
nuclear protein. Unspecific binding was blocked by using 1
ng of poly(dI-dC) poly(dI-dC). The binding medium con-
tained 5% glycerol, 1% Nonidet P-40, 1 mM MgCl,, 50 mM
NaCl, 0.5 mM EDTA, 2 mM dithiothreitol, and 10 mAM Tris-
HCI, pH 7.5. In each reaction, 20,000 cpm of a radiolabeled
probe was included. Samples were incubated at room tem-
perature for 20 minutes, and the nuclear protein with 32P-
labeled oligonucleotide complex was separated from free
32P_labeled oligonucleotide by electrophoresis through a 5%
native polyacrylamide gel in a running buffer containing 50
mM Tris (pH 8.0), 45 mM borate, and 0.5 mM EDTA. Af-
ter separation was achieved, the gel was vacuum-dried for
autoradiography and exposed to Fuji (Tokyo) X-ray film for
1-2 days at -80°C.

Statistical analysis

Results are presented as mean = standard error of three
individual experiments; each measurement was performed
in triplicate. Statistical significance was tested using the one-
factor analysis of variance test, and, if significant, the New-
man-Keuls test was applied. Values of P < .05 were con-
sidered statistically significant.

RESULTS
Inhibitory effect of kaempferol on t-BHP-induced
oxidative stress

The oxidant -BHP is well known to induce oxidative
stress>’ and was used as a positive control. We have deter-
mined the effects of kaempferol on ~BHP-induced intra-
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FIG. 1. tBHP-induced RS generation was suppressed by
kaempferol (Kp) in YPEN-1 cells. (A) Quantitative analysis of fluo-
rescence intensity using DCF-DA was detected after treatment with
vehicle or 200 uM -BHP in the absence or presence of 0.008, 0.2,
and 5 uM Kp and 50 uM N-acetyllysine (NAC) for 6 hours. Results
of one-factor analysis of variance: ***P < .001 versus untreated con-
trol; #P < .05, #P < .01, P < .001 versus 200 uM t-BHP-treated
group. (B) Intracellular RS were detected by DCF-DA using a fluo-
rescence microscope: untreated control, 200 uM t-BHP treated alone,
200 uM -BHP and 0.2 uM Kp, and 200 uM -BHP and 5 uM Kp.

cellular RS generation in YPEN-1 cells using DCF-DA,
which is oxidized by RS to fluorescent 2’,7'-dichlorofluo-
rescin. YPEN-1 cells treated with 200 uM -BHP displayed
fluorescence intensity before incorporation with DCF-DA.
Intracellular RS formation resulting from -BHP treatment
was significantly reduced when kaempferol (0.008, 0.2, or
5 uM) was present in the medium (Fig. 1A). Data on
kaempferol concentrations as low as 8 nM showed its an-
tioxidative efficacy in YPEN-1 cell (Fig. 1A).

As shown in Figure 1B, fluorescence microscope obser-
vations showed kaempferol-treated cells exhibited lower flu-
orescence intensity. Thus, the results showed that
kaempferol has an intracellular capacity to prevent oxida-
tive stress.

Modulation of redox status by kaempferol
in aged rat kidney

To follow up on our in vitro observations, we tested the
effect of kaempferol in the modulation of redox status in

aged animal models. RS generation and the GSH/GSSG ra-
tio were measured in aged rat kidney. As shown in Figure
2A, RS generation in the aged kaempferol-supplemented rats
was lower than that of their aged unsupplemented counter-
parts. A decrease of the oxidative defense system was fur-
ther confirmed by changes in GSH/GSSG ratio in aged kid-
ney homogenates. The GSH/GSSG ratio (Fig. 2B) in the
young groups was higher than those of aged groups, while
aged rats fed kaempferol had a higher ratio than aged rats
not fed kaempferol. These results indicate that kaempferol
aided the system to recover an elevated oxidative status dur-

ing aging.

Suppression of NF-kB activation by kaempferol in
aged rat kidney and YPEN-1 cells

To determine whether or not kaempferol has an effect
upon increased NF-«B activation in aged kidney, we first
examined nuclear protein levels by western blot using p65-
and p50-specific polyclonal antibodies. Data in Figure 3A
clearly reveal that the nuclear translocation of NF-«B sig-
nificantly increased in aged rat kidney and that aged rats fed
kaempferol showed dose-dependently decreased NF-«B ac-
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FIG. 2. Kaempferol (Kp) modulated redox imbalance in aged rats.
(A) The DCF-DA method was used to determine the effect of Kp on
RS generation in aged kidney homogenate. (B) GSH/GSSG ratio in
kidney homogenates. Young (7 months of age) and aged (20 months
of age) rats were utilized. Kp (2 or 4 mg/kg/day) was fed to the aged
group for 10 days. Data are mean = SE values of five rats in each
group. Results of one-factor analysis of variance: **P < .01 versus
young rats; *P < .05 versus aged rats not fed Kp.
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FIG. 3. Kaempferol (Kp) suppressed the increase of NF-«xB activ-
ity in aged rats and YPEN-1 cells. (A) Western blot was performed
to detect nuclear p50, p65, and phospho-IkBa protein levels in kid-
ney homogenates (30 ug of protein) from young, aged, or Kp-fed aged
rats. Levels were normalized to histone H1 and B-actin. One repre-
sentative blot of p50, p65, and phospho-IkBa is shown from three ex-
periments that yielded similar results. (B) The EMSA method was
used to compare NF-«kB binding activities between aged rats fed Kp
and their counterparts. Blank, probe without nuclear protein sample;
cold, competition assay using a 100-fold excess of an unlabeled NF-
kB oligonucleotide. One representative result is shown from three ex-
periments that yielded similar results. (C) YPEN-1 cells were tran-
siently transfected with an NF-«kB-containing plasmid linked to the
luciferase (Luc) gene. The cells were co-treated with 2.5 uM -BHP
and 0.2 uM or 5 uM Kp for 6 hours. Luc activity is presented as a
percentage of activity compared with control cells. Statistical signifi-
cance was calculated of differences between untreated control and
treated groups in Luc activity of NF-«B. Results of one-factor analy-
sis of variance: *P < .05 versus non-transfection control; #P < .001
versus transfected and untreated -BHP; $P < .05 versus transfected
with 2.5 uM t-BHP, respectively. RLU, relative luminescence units.

tivity compared to their aged non—kaempferol-fed counter-
parts. The levels of phospho-IkBa proteins in cytoplasmic
extract increased in the aged rats, but aged kaempferol-fed
rats showed lower levels of these proteins (Fig. 3A). Sec-
ond, to verify DNA binding of NF-kB, EMSA was carried
out with nuclear proteins isolated from young, aged, and
kaempferol-fed aged. Results shown in Figure 3B indicate
that the binding activity of NF-«kB was up-regulated during
aging, while kaempferol suppressed NF-«B activity.

To verify the effect of kaempferol on oxidative stress-in-
duced NF-«kB activation in endothelial cells, luciferase ac-
tivity was examined using #-BHP treatment in the absence
or presence of kaempferol after transient transfection of a
plasmid containing the NF-«B consensus sequence and
luciferase reporter (Fig. 3C). NF-«B luciferase activity in-
creased by twofold in 2.5 uM t-BHP after a 6-hour incuba-
tion, and kaempferol treatment gave dose-dependent sup-
pression of NF-«kB luciferase activity. Overall, the results
indicate that the activation of NF-«B by ~-BHP-induced ox-
idative stress was inhibited by kaempferol.

Inhibition of NF-kB-responsive genes expression by
kaempferol in aged rat kidney

The expressions of NF-«kB-dependent genes, namely,
COX-2, inducible nitric oxide synthase (iNOS), monocyte
chemoattractant protein-1 (MCP-1), and regulated upon ac-
tivation, and normal T-cell expressed and secreted
(RANTES), were examined in aged rat kidney. These genes
have been known to have NF-«B binding sites at their pro-
moter regions and to be controlled by NF-«B regula-
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FIG. 4. Kaempferol (Kp) modulated NF-«B-dependent genes in
aged rats. (A) Western blot analysis was performed to detect COX-2,
iNOS, MCP-1, and RANTES protein levels in cytoplasmic fractions
(80 ug of protein) from each group. One representative blot of each
protein from each group is shown from three experiments that yielded
similar results. (B) The level of protein was quantified by densitom-
etry as a percentage of the level of the young rats. Data are mean =
SE values from three individual experiments. Results of one-factor
analysis of variance: *P < .05, **P < .01, ***P < .001 versus young
rats; #P < .05, #P < .01 versus aged rats not fed Kp.
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tion.?8-3! As shown in Figure 4, kaempferol reduced COX-
2, iINOS, MCP-1, and RANTES protein levels, which were
increased with age.

Kaempferol suppressed NF-«kB via NIK/IKK and
MAPK pathways in aged rat kidney

We tested the effect of kaempferol on the phosphoryla-
tion of NIK/IKK and MAPKs, which are upstream of NF-
kB. Phosphorylation of NIK/IKK (Fig. 5A) and MAPKs
(Fig. 5C) significantly increased in aged rat kidney. How-
ever, the aged kaempferol-fed rats showed lower, dose-de-
pendent phosphorylation levels. Kaempferol supplementa-
tion significantly inhibited oxidative stress-induced
phosphorylation of NIK/IKK and MAPKSs during aging.

DISCUSSION

Kaempferol, a phytoestrogen, has a flavonoid structure.
It is an important constituent of the human diet, protecting
against various oxidative stresses and inflammatory-related
diseases such as age-related chronic disorders.>3
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Although several researchers have reported on
kaempferol’s antioxidative action, no reports show the ef-
fects of short-term supplemental dietary kaempferol on the
modulation of NF-«B activation and its upstream signal
pathway through redox maintenance in aged rat kidney.
In the present study, we examined the in vitro antioxidant
activities of kaempferol and its anti-inflammatory effects
on NF-kB activity in aged rats based on the in vitro re-
sults.

Many lines of evidence have shown that oxidative stress
plays an important role in the pathogenesis of many dis-
eases, including inflammatory diseases.3> The kidney is an
especially vulnerable organ to oxidative stress during aging,
as shown by oxidant-induced nephritis, vasculitis, toxic
nephropathies, pyelonephritis, and acute renal failure.?!-33-34
These diseases are likely to be mediated in part by age-re-
lated oxidative insults due to redox imbalance. Therefore,
researchers have focused on development of safe and ef-
fective antioxidants from natural phytochemicals. Of the
many effective antioxidants, phytoestrogens, including
kaempferol, have been reported to possess free radical scav-
enging properties.>> In the present study, we also were able
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FIG. 5. Kaempferol (Kp) inhibited the NIK/IKK and MAPKs pathways. (A) Western blot analysis was performed to detect phospho-NIK,
phospho-IKKa/g, and total-IKKea/B in kidney cytoplasmic extracts (80 ug of protein) from each group. Levels were normalized to total-IKKa/f3.
(B) The level of protein was quantified by densitometry as a percentage of the level of the young rats. Results of one-factor analysis of vari-
ance: *P < .05 versus young rats; *P < .05, P < .01 versus aged rats not fed Kp. (C) Phospho-38, phospho-c-jun N-terminal kinase (JNK)1/2,
and phospho-extracellular signal-regulated kinase (ERK)1/2 protein levels in cytoplasmic fractions (80 ug of protein) from each group. Levels
were normalized to total-p38, total JNK1/2, and total-ERK1/2. One representative blot of each protein from each group is shown from three ex-
periments that yielded similar results. (D) The level of protein was quantified by densitometry as a percentage of the level of young rats. Re-
sults of one-factor analysis of variance: *P < .05, ***P < 001 versus young rats; P < .05, #P < .01, ##P < .001 versus aged rats not fed Kp.
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to confirm the anti-oxidative property of kaempferol as
a redox modulator in vitro and in vivo. Of the four phyto-
estrogens tested (genistein, daidzein, biochanin A, and
kaempferol), kaempferol showed the strongest antiradical
properties, with 50% inhibitory activity of RS and ONOO™.
Kaempferol scavenged the reactivity of RS and ONOO™ 10-
fold greater than genistein, daidzein, and biochanin A (data
not shown).

We next examined anti-oxidative effects of kaempferol
on t-BHP-induced cellular oxidative stress in YPEN-1 cells
(Fig. 1). Our data show that treatment with kaempferol in-
hibited ~-BHP-induced cellular oxidative status. Therefore,
based on our in vitro results, we carried out an in vivo ex-
periment to verify the anti-inflammatory effects of
kaempferol on NF-«B, a key transcription factor in the in-
flammatory process.

Under the condition of a cumulative oxidative stress-in-
duced redox imbalance, as would occur with the aging
process, activated NF-«B is translocated from the cytoplasm
into the nucleus. A central mechanism of regulation is the
interaction of the NF-«B/Rel proteins with specific in-
hibitory proteins called IkBs. Activation by stimuli requires
sequential phosphorylation of IkB by IKK, ubiquitination,
and degradation by the proteasome pathway.”’ NF-«B
rapidly modulates the expression of inflammatory gene
products, including cytokines, COX-2, and iNOS.?8-31

We elucidated the anti-inflammatory effects of
kaempferol on NF-«B activity and its related gene expres-
sions in the presence of oxidative stress in aged kidney. Our
data show that treatment with kaempferol inhibited accu-
mulated oxidative stress and restored the GSH/GSSG ratio
(Fig. 2). The result indicates that in aged rats, kaempferol
modulated redox status and had a potent antioxidative ca-
pacity. Moreover, based on our results using western blot,
EMSA, and the reporter assay, we conclude that kaempferol
inhibited proteolytic degradation of I«B, binding of the
p50/p65 heterodimer, and NF-«kB-dependent gene expres-
sions in aged rat kidney (Figs. 3 and 4).

NF-«B activation is mediated by two, distinctly different
redox-related signaling pathways. First, the NIK/IKK path-
way is involved in the induction of transcriptional activation
of NF-kB.3> Second, MAPKs regulate NF-«B activation via
multiple mechanisms.!”!8 Previously, our group reported
that NIK/IKK, MAPKs, and NF-«B have increased activity
during aging'® and that diverse anti-inflammatory com-
pounds suppress pro-inflammatory processes.>® Our data
from this current study also show that kaempferol signifi-
cantly suppressed the NIK/IKK and MAPK pathways that
lead to NF-«B activation in aged kidney tissues (Fig. 5).

The present study documented that kaempferol restored
redox imbalance through its efficient RS scavenging capac-
ity and modulated pro-inflammatory NF-«B activation via
the NIK/IKK and MAPK pathways in aging. These studies
demonstrate that kaempferol is an efficient anti-inflamma-
tory compound with the ability to attenuate oxidative stress-
induced inflammation in aged rat kidney.
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