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Abstract

Background 1In ulcerative colitis (UC), reduction of
inflammation may represent a key mechanism in UC
therapy, and anti-inflammatory agents would be good
candidates for preventing UC. Kaempferol, a natural fla-
vonoid, is believed to have anti-inflammatory activities and
has been shown to be potentially immune-modulatory.
The aim of this study was to determine whether
kaempferol alleviates the inflammatory responses of dex-
tran sulfate sodium (DSS)-induced colitis in mice.
Methods Female C57BL/6J mice were divided into six
groups: a negative control group, a DSS control group, and
DSS + 0.1% or 0.3% kaempferol pre- or post-fed groups.
At the end of the experimental period, clinical and bio-
chemical markers were evaluated.

Results  Plasma levels of NO and PGE, were significantly
decreased in both the 0.3% kaempferol pre- and post-fed
groups. The plasma LTB, level was profoundly decreased
in all animals fed kaempferol. Colonic mucosa MPO
activity was also suppressed in both the 0.3% kaempferol
pre- or post-fed groups. TFF3 mRNA, a marker for goblet
cell function, was up-regulated in kaempferol pre-fed
animals.

Conclusions These results indicate that kaempferol is an
effective anti-inflammatory agent that protects colonic
mucosa from DSS-induced UC. Dietary kaempferol fed
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prior to colitis induction was more effective to suppress
some of the colitis-associated markers.
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Introduction

Ulcerative colitis, particularly the chronic persistent form,
is an intractable disease. Despite our increased under-
standing of mucosal homeostasis, therapeutic modalities
facilitating colonic repair have not been well established.
Therapies for UC rely highly on the use of immunosup-
pressive drugs such as 5-ASA and corticosteroids [1].
However, many patients either do not respond to these
agents or demonstrate significant side-effects. New devel-
opments in treating IBD can be found in biological treat-
ments with antibodies directed against tumor necrosis
factor-oo (TNF-«) [2] and with pro- and pre-biotics [3].
However, these do not offer an ideal cure due to the long
course of treatment, various adverse reactions, and the
tendency of patients to relapse when treatment stops.
Therefore, there is a great need to develop effective agents
or treatments with fewer adverse reactions.

Dextran sulfate sodium (DSS)-induced colitis is a well-
established experimental model in which many of the
signs and symptoms of human ulcerative colitis, including
diarrhea, bloody feces, weight loss, mucosal ulceration,
and shortening of the large intestine also occur. Although
the mechanisms by which DSS-induced colitis have
remained unknown, recent studies have revealed that DSS
increases intestinal permeability and causes injury to the
epithelium, suggesting dysfunction of the mucosal defense
systems. Moreover, DSS increases the level of colonic
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myeloperoxidase (MPO) and the production of inflamma-
tory mediators such as nitric oxide (NO) and prostaglandin
E, (PGE,) [4, 5].

Flavonoids have been suggested to exert human health
benefits possibly because they are mediated by their anti-
oxidant and anti-inflammatory activities. Among the
known flavonoids, kaempferol is widely distributed in
fruits, vegetables, and plant-based foods.

Kaempferol has been reported to have strong anti-
inflammatory properties [6-8]. In our preliminary study,
kaempferol had the most effective anti-inflammatory
activities among eight polyphenols in the LPS-induced
Raw 264.7 model [9]. However, little is known regarding
its effects on DSS-induced colitis which is related to dys-
function of intestinal immunity and is characterized the up-
regulated inflammation in the colon. Inflammatory condi-
tions are characterized by activation of the transcription
factor nuclear factor-kB (NF-kB), resulting in the expres-
sion of NF-kB-regulated, inflammation-related genes, such
as inducible nitric oxide synthase (iNOS) and cyclooxy-
genase-2 (COX-2). In fact, many studies have indicated
significant over-expression of these markers in DSS-
induced colitis model [10-12] and colitis patients [13].
Because kaempferol effectively inhibited the expression of
these biomarkers in both our preliminary study and other
studies, kaempferol may modulate inflammatory mediators
in inflammatory diseases model. The present study was
designed to investigate whether kaempferol modulates
inflammatory biomarkers, which in turn contributes to
amelioration of colitis-related symptoms.

Materials and Methods
Animals and Experimental Design

Female C57BL/6J mice were obtained at 6 weeks of age
from Jung-Ang Lab Animal Inc. (Seoul, Korea) and were
maintained in air-conditioned quarters with 12-h light/dark
cycles. They were given a commercial rat food (Jung-Ang
Lab Animal Inc., Seoul, Korea) and water ad libitum. The
animals were allowed to acclimatize to the laboratory
environment for 1 week and were randomly divided into six
groups (n = 10 per each group); two groups (noncolitic and
control colitic groups) were fed a control diet, two groups
were post-fed the kaempferol diets (0.1 and 0.3% kaempf-
erol diets), and the remaining two groups were pre-fed the
kaempferol diets (0.1 and 0.3% kaempferol diets) (Fig. 1).
Two weeks after the start of the experiment, five groups of
mice were allowed to have free access to drinking water
containing 2% DSS (wt/v, MW 36,000-50,000) for 4 days,
while the control group were given free access to drinking
water without DSS. Since kaempferol is a food component,

@ Springer

0 14 18 21 days
) Control Diets
Group 1 | | (n=10)
Control Diets DSS (2%) Water
Group 2 | | (n=10)
DSS + Kaempferol (0.1%) Diets DSS (2%) Water
Group 3 | 7777 =
DSS + Kaempferol (0.3%) Diets DSS (2%) Water
Group 4 | )

Kaempferol (0.1%) Diets + DSS DSS (2%) Water

Growp 5 1 i i) (=10

Kaempferol (0.3%) Diets + DSS DSS (2%) Water

Growp 6 {7 00z n=10

Sacrifice

® Blood LTB,, NO, PGE, level
® Colon MPO activity
® Colon iNOS, COX-2, TFF3, TNF- a, IL-1B, IL-6

mRNA expression

® Histological observation

Fig. 1 Experimental design used in the study

not a synthetic drug, it is expected to exert alleviating
effects on mild ulceration. Based on our preliminary study,
we found 2% DSS concentration in drinking water caused
mild ulceration in the colon. The drinking water with DSS
was prepared daily. The compositions of the experimental
diet are shown in Table 1. Animals were maintained on the
experimental diets for 3 weeks (Fig. 1). Animals were
maintained in accordance with university guidelines for the
care and use of laboratory animals.

Reagents

DSS and kaempferol were obtained from MP Biomedicals
Inc. (Solon, OH, USA) and INDOFINE Chemical Co.
(Hillsborough, NJ, USA), respectively. The Trizol reagent
was purchased from Invitrogen Inc. (Carlsbad, CA, USA)
and mouse enzyme-linked immunosorbent assay (ELISA)
kits for the LTB4, NO, and PGE, measurements were
purchased from R&D System Inc. (Minneapolis, MN,
USA). Other chemicals were obtained from Sigma-Aldrich
(St. Louis, MO, USA).

Disease Activity Index and Histological Observation

The disease activity index (DAI) was determined by
scoring changes in weight loss (score: 0, none; 1, 1-5%; 2,
5-10%; 3, 10-20%; 4, >20%), stool consistency (score: 0,
normal; 2, loose; 4, diarrhea) and rectal bleeding (score: 0,
normal; 2, occult bleeding; 4, dross bleeding) [14]. All
parameters were scored from day 14 to day 21 during DSS
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Table 1 Composition of the experimental diets" (%)

Ingredient Control  Kaempferol 0.1%  Kaempferol 0.3%
Casein 20 20 20
Starch 15 15 15
Sucrose 50 49.9 49.7
Corn oil 5 5 5
Cellulose 5 5 5
DL-Methionine 0.3 0.3 0.3
Mineral mix" 35 35 3.5
Vitamin mix® 1 1 1
Choline chloride 0.2 0.2 0.2
Kaempferol - 0.1 0.3
Total 100 100 100
2 AIN-76 diet

® Mineral mixture (g/kg): calcium phosphate dibasic, 500.00 g;
sodium chloride, 74.00 g; potassium citrate monobasic, 220.00 g;
potassium sulfate, 52.00 g; magnesium oxide, 24.00 g; manganous
carbonate, 3.50 g; ferric citrate, 6.00 g; zinc carbonate, 1.60 g; cupric
carbonate, 0.30 g; potassium iodate, 0.01 g; sodium selenite, 0.01 g;
chromium potassium sulfate 12H,0, 0.55 g

¢ Vitamin mixture (g/kg): riboflavin, 0.60 g; thiamin-HCI, 0.60 g;
pyridoxine-HCI, 0.70 g; niacin, 3.00 g; calcium pantothenate, 1.60 g;
folic acid, 0.20 g; biotin, 0.02 g; vitamin By, (0.1%), 1.00 g; vitamin
D3(400,000 IU/g), 0.25 g; vitamin E acetate (500 IU/g), 10.00 g;
menadione sodium disulfide, 0.08 g

treatment. At the end of experiment, the mice were killed
and the colons and spleens were dissected. The colon
length was measured from the ileocecal junction to the
proximal rectum and the weights of spleens, a systemic
marker for disease progression of ulcerative colitis, were
measured. Tissue was obtained from each distal colon 1 cm
beyond the anus for histological observation. The speci-
mens were subsequently fixed in a 10% buffered formalin
solution. The cut specimen was dehydrated in ethanol,
embedded in paraffin wax, sectioned, and stained with
hematoxylin and eosin (H&E). Histological analysis was
performed by an investigator blinded to the treatment, for
severity of inflammation (score: 0, none; 1, weak; 2,
moderate; and 3, severe), extent of inflammation (score: 0,
none; 1, mucosal; 2, mucosal and submucosal; 3, trans-
mural) and crypt damage (score: 0, none; 1, basal 1/3; 2,
basal 2/3; 3, crypt lost but surface epithelium present and 4,
crypts and surface epithelium lost).

Preparation of the Blood and Tissue Samples

At the end of the experiment, the mice were sacrificed by
exsanguination of the heart under light ether anesthesia and
blood was collected by cardiac puncture in 5% EDTA
vials. To determine LTB,4, NO, and PGE,, the plasma was
separated, frozen immediately, and stored at —70°C until

the assays. The colon was quickly removed and rinsed with
ice-cold PBS. The distal segments were randomly selected
from each group and were fixed in 10% formalin solution.
Other colon segments of mice were used for biochemical
measurements. To do this, the colonic mucosa was scraped
with glass slides, frozen immediately in liquid nitrogen,
and stored at —70°C until use.

Colonic MPO Activity

The colonic myeloperoxidase activity was measured
according to a modification of the method of Krawisz et al.
[15]. The colon tissue was rinsed with cold saline, and the
mucosa was scraped with glass slides on ice and homog-
enized in 50 mM phosphate buffer containing 0.5% hex-
adecyl-trimethyl-ammonium bromide (HTAB; pH 6.0;
sigma). The homogenized samples were frozen-thawed
three times and centrifuged at 2,000 rpm for 10 min at 4°C.
The supernatant (100 pul) was mixed with the reaction
mixture (1.9 ml of 10 mM phosphate buffer (pH 6.0) and
1 ml of 1.5M o-dianisidine hydrochloride containing
0.0005% w/v hydrogen peroxide) and was maintained at
25°C for 6 min. The MPO activity was calculated from the
rate of change absorbance during 1 min. The results were
expressed as MPO units/g protein; 1 unit of MPO activity
was defined as that degrading 1 pmol hydrogen peroxide/
min at 25°C.

Plasma LTB, Concentration

The plasma leukotriene (LT) B4 concentration in the
plasma was measured by ELISA according to the manu-
facturer’s protocol.

Plasma NO and PGE, Concentrations

The circulating NO and PGE, concentrations were mea-
sured by using ELISA kit according to the manufacturer’s
instructions.

Real-Time Quantitative PCR

Total RNA was isolated from cells using the Trizol reagent
according to the manufacturer’s instructions. Real-time
quantitative PCR was performed in triplicate in 384-well
plates. A 384-well high-throughput analysis was performed
using the ABI Prism 7900 Sequence Detection System
(PE Applied Biosystems, www.appliedbiosciences.com)
and white-colored 384-well plates (AB gene, Hamburg,
Germany) were used for the intensification of the fluorescent
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Table 2 Effects of kaempferol-supplemented diets on disease activity index, colon length and histological score

Groups DAI Colon length (cm) Histological score Spleen weight (g)
DSS (-) 0° 9.20 + 0.33° 0° 0.13 £ 0.01°
DSS (+) 374 + 0.51° 7.41 + 0.31° 7.33 + 0.52° 0.20 + 0.02°
D + K (0.1%) 2.67 +0.33° 7.6 + 027 5.86 + 0.47° 0.18 + 0.02°
D + K (0.3%) 1.95 + 0.36° 8.03 & 0.35% 4.69 + 0.30° 0.17 £ 0.01*°
K (0.1%) + D 2.03 £ 0.42% 7.86 + 0.29% 471 £ 0.26° 0.17 £+ 0.02%®
K (0.3%) + D 1.42 + 0.27¢ 8.14 & 0.45* 3.55 + 0.19¢ 0.15 & 0.02°

The mice were pre- or post-fed kaempferol-supplemented diets for 3 weeks, with 2% DSS added to tap water. DSS (—), non-colitic group; DSS
(+), DSS control group; D + K (0.1%), post-fed 0.1% kaempferol diet group; D + K (0.3%), post-fed 0.3% kaempferol diet group; K
(0.1%) + D, pre-fed 0.1% kaempferol diet group; K (0.3%) + D, pre-fed 0.3% kaempferol diet group. Values are means £ SD. Means with
letters (a, b, c, d, e) within a column are significantly different from each other at p < 0.05 as determined by Duncan’s multiple range test

signals by a factor of three. The fluorescence emission from
each sample was collected using a charge-coupled-device
camera and the quantitative data were analyzed using the
Sequence Detection System software (SDS version 2.0, PE
Applied Biosystems). The reaction mixtures contained
10 pmol/pl of each primer and 2x SYBR Green PCR Master
Mix (PE Applied Biosystems, www.appliedbiosciences.com),
which includes HotStarTaqt DNA-Polymerase in an opti-
mized buffer, a ANTP mix (with dUTP additive), SYBRs
Green I fluorescent dye, and ROX dye as a passive reference.
The primer sequences were as follows: for TFF3, sense
5'-GTG GAC TGC GGC TAC CCC CAT-3’ and antisense
5'-AAG GTG CAT TCT GCT TCC TGC-3' [16]; for iNOS,
sense 5-TCC TGT GGC ATC CAT GAA ACT-3' and
antisense 5-GGA GGA GCT GAT GGA GTA GTA G-3'
[17]; for COX-2, sense 5'-CTC GCG ATG CTC TTC CGA
G-3’ and antisense 5-AAG GAT TTG CTG CAT GGC
TG-3' [18]; for TNF-g, sense 5'-AGC ACA GAA AGC ATG
ATC CG-3’ and antisense 5'-CTG ATG AGA GGG AGG
CCA TT-3' [18]; for IL-18, sense 5'-ACC TGC TGG TGT
GTG ACGTT-3' and antisense 5'-TCG TTG CTT GGT TCT
CCT TG-3' [18]; for IL-6, sense 5'-GAG GAT ACC ACT
CCC AAC AGA CC-3 and antisense 5'-AAG TGC ATC
ATC GTT GTT CAT ACA-3'[18]; for ff-actin, sense 5'-TCC
TGT GGC ATC CAT GAA ACT-3' and antisense 5'-GAA
GCA TTT GCG GTG CAC GAT-3 [17]. The thermal
cycling conditions were 50°C for 2 min and 95°C for 10 min
followed by 40 cycles of 95°C for 30 s, 60°C for 30 s, and
72°C for 30 s. The real-time PCR mRNA levels were nor-
malized to rat f-actin mRNA level £ SD.

Statistics

All data from the experiment are expressed as means =+
SD. Data were compared using a one-way analysis of
variance (ANOVA) followed by Duncan’s multiple range
test. In all statistical analyses, a p value of <0.05 was
considered to be statistically significant.
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Results

Disease Activity Index, Colon Length, and Spleen
Enlargement

At day 21, mice fed experimental diets supplemented with
kaempferol showed significantly lower DAI scores com-
pared to mice in the control group (p < 0.05) (Table 2).
DSS treatment significantly reduced the colon length
(p < 0.05), while the 0.3% kaempferol diet effectively
reversed the DSS-induced shortening of the colon
(p < 0.05) (Table 2). DSS control mice exhibited signifi-
cantly higher spleen weight compared to vehicle control
group, and kaempferol pre-diet decreased spleen weights in
these mice (p < 0.05) (Table 2).

Histological Observation

The histology of colon sections of DSS-treated mice
revealed multiple erosive lesions, inflammatory cell infil-
tration and crypt shortening (Fig. 2). The mice fed 0.3%
kaempferol pre-diet showed profoundly less deformity of
the tissue compared to the DSS control mice (p < 0.05)
(Table 2), indicating kaempferol pre-diet has preventive
effect on DSS-induced UC model.

Colonic MPO Activity and Plasma LTB, Concentration

DSS administration increased colonic MPO activity and 0.3%
kaempferol diets (groups 4 and 6) were found to decrease
MPO activity significantly compared to the levels observed in
the DSS control mice (group 2) (Fig. 3a, p < 0.05). The level
of plasma LTB,, a neutrophil chemotactic factor, was sig-
nificantly increased in the DSS control group (group 2) when
compared with its basal level in the normal group (group 1)
(Fig. 3b). The plasma level of LTB, profoundly decreased in
all animals fed kaempferol diets compared with the DSS
control mice (group 2) (Fig. 3b), p < 0.05).
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Fig. 2 Histological observation of the colon. Histological sections of
the colonic mucosa from each group stained with hematoxylin and
eosin showing the anti-inflammatory effects of the kaempferol-
supplemented diets. a Group 1 (DSS-); b Group 2 (DSS +); ¢ Group
3 (OD+K 0.1%); d Group 4 (D + K 0.3%); e Group 5 (K
0.1% + D); f Group 6 (K 0.3% + D) (x 100)

Plasma NO and PGE, Concentrations

Increased NO has been demonstrated in inflammatory
disease (IBD). Prostaglandins, especially PGE,, are known
to as potent activators of inflammation, and many studies
have reported that increased levels of PGE, are correlated
with disease activity. The plasma level of the levels of
PGE, and NO were significantly decreased in both 0.3%
kaempferol pre- and post-fed animals (Figs. 4B, 5B,
p < 0.05).

Colonic COX-2 and iNOS mRNA Expression Level

To investigate whether the inhibitions of PGE, and NO
production are related to the modulation of the COX-2 and
iNOS gene level, RT-PCR analyses for COX-2 and iNOS
mRNA expression were performed. The COX-2 and iNOS
mRNA levels were significantly increased in the DSS
control group (Group 2) compared to the normal group
(Group 1). The expressions were significantly down-regu-
lated by both 0.3% kaempferol pre- and post-fed animals
(Figs. 4A, 5A, p < 0.05).
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Fig. 3 Effects of kaempferol diets on colonic MPO activity and on
the plasma LTB, level in C57BL/6 J mice. The mice were pre- or
post-fed kaempferol-supplemented diets for 3 weeks, with 2% DSS
added to tap water. After 3 weeks, MPO activities in the colonic
mucosa (a) and the concentration of LTB, in plasma (b) were
measured. The black or white bar represents non-supplemented diets
in the presence or absence of DSS treatment, respectively. DSS (—),
non-colitic group; DSS (+), DSS control group; D 4 K (0.1%), post-
fed 0.1% kaempferol diet group; D + K (0.3%), post-fed 0.3%
kaempferol diet group; K (0.1%) + D, pre-fed 0.1% kaempferol diet
group; K (0.3%) + D, pre-fed 0.3% kaempferol diet group. Each bar
represents the mean £ SD. The bars with different letters differ
significantly (p < 0.05) from each other

Colonic TFF3 mRNA Expression Level

The expression of trefoil factor family 3 (TFF3) was used
as parameters for the goblet cell function. TFF3 mRNA
expression was significantly decreased in the distal colon
mucosa of mice after acute colitis (group 2) when com-
pared with its basal level in a normal group (group 1)
(Fig. 6, p < 0.05). The gene expression was significantly
up-regulated by 0.1 and 0.3% kaempferol pre-fed animals
(Fig. 6, p < 0.05), implying that pre-fed kaempferol pro-
motes epithelial cell repair.

Colonic Pro-inflammatory Cytokines mRNA
Expression Level

TNF-o, IL-1f, and IL-6 contribute to tissue damage in
DSS-induced colitis. The colon mucosa TNF-¢, IL-1f, and
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Fig. 4 Effects of kaempferol diets on colonic mucosa COX-2 and
iNOS mRNA expressions and on the plasma PGE, and NO levels in
C57BL/6 J mice. The mice were pre- or post-fed kaempferol-
supplemented diets for 3 weeks, with 2% DSS added to tap water.
After 3 weeks, colonic COX-2 (a) and iNOS (¢) mRNA expressions
and the concentrations of PGE, (b) and NO (d) in plasma were
measured. The black or white bar represents non-supplemented diets

IL-6 mRNA expressions were increased to 7.2-, 4.5-, and
2.2-fold over basal level, respectively, in animal fed 2%
DSS drinking water (p < 0.05). The colonic mRNA
expressions of TNF-«, IL-1f, and IL-6 were significantly
suppressed in both 0.3% kaempferol pre-fed animals
(Fig. 5, p < 0.05).

Discussion

Ulcerative colitis (UC) is a mucosal inflammatory disease
that causes ulcerations of the colon. It exhibits increased
risk for the development of colon cancer. The prevalence of
UC in Asian populations is lower than in Western popula-
tions [19]; however, an epidemiological study from Korea
showed that both UC and Crohn’s disease (CD) are
becoming increasingly prevalent in Korean population [20].
Therapies for IBD rely highly on the use of glucocorticoids,
sulfasalazine, and immunosuppressive drugs such as 5-ASA
and corticosteroids. However, these pharmacological
treatments as yet do not offer an ideal cure due to different
side-effects or toxicity, which remains a major clinical
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group; K (0.3%) + D, pre-fed 0.3% kaempferol diet group. Each bar
represents the mean & SD. The bars with different letters differ
significantly (p < 0.05) from each other

problem [21]. Therefore, there is a great need to develop an
effective agent or treatment with fewer adverse reactions.

Polyphenols are a group of phytochemicals that are
found in plant foods. They are believed to have many
biologically activities and have been shown to be poten-
tially immune-modulatory [22]. Given that inflammatory
stress contributes to UC, reduction of inflammation may
represent a key mechanism in UC therapy, and anti-
inflammatory agents would be good candidates for UC
prevention. The aim of this study was to investigate the
preventive and therapeutic effect of kaempferol on DSS-
induced colitis. The results of this study showed that DSS
induces a considerable amount of inflammation with
increased blood levels of inflammatory mediators and
increased expression of colon COX-2 and iNOS mRNA.
Histological examination of the colonic tissue sections was
also conducted; the samples from the DSS-induced colitic
mice showed profound changes in their colonic architec-
ture, such as mucosal ulcerations, crypt destruction, erosion
and goblet cell depletion (Fig. 2). Conversely, histological
analyses of the colons from the kaempferol-treated mice
showed a decreased degree of tissue (Fig. 2).
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fed kaempferol-supplemented diets for 3 weeks, with 2% DSS added
to tap water. After 3 weeks, colonic iNOS mRNA expression (a) and
the concentration of NO (b) in plasma were measured. The black or
white bar represents non-supplemented diets in the presence or
absence of DSS treatment, respectively. DSS (—), non-colitic group;
DSS (+), DSS control group; D + K (0.1%), post-fed 0.1%
kaempferol diet group; D 4+ K (0.3%), post-fed 0.3% kaempferol
diet group; K (0.1%) + D, pre-fed 0.1% kaempferol diet group; K
(0.3%) + D, pre-fed 0.3% kaempferol diet group. Each bar repre-
sents the mean & SD. The bars with different letters differ signifi-
cantly (p < 0.05) from each other

The exact etiology of DSS-induced ulcerative colitis is
not fully understood, however, DSS induced colitis by
direct cytotoxicity and this barrier dysfunction is likely to
result in both increased uptake of luminal antigens and
activation of inflammatory response [23]. Recent studies
have demonstrated that the imbalance of pro-inflammatory
cytokines and anti-inflammatory cytokines are related to
the pathogenic mechanisms of UC [24]. Activation of the
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Fig. 6 Effects of kaempferol diets on colonic mucosa TFF3 mRNA
expression level in C57BL/6 J mice. The mice were pre- or post-fed
kaempferol-supplemented diets for 3 weeks, with 2% DSS added to
tap water. After 3 weeks, colonic TFF3 mRNA expression was
measured. The black or white bar represents non-supplemented diets
in the presence or absence of DSS treatment, respectively. DSS (—),
non-colitic group; DSS (+), DSS control group; D + K (0.1%), post-
fed 0.1% kaempferol diet group; D + K (0.3%), post-fed 0.3%
kaempferol diet group; K (0.1%) + D, pre-fed 0.1% kaempferol diet
group; K (0.3%) + D, pre-fed 0.3% kaempferol diet group. Each bar
represents the mean & SD. The bars with different letters differ
significantly (p < 0.05) from each other

PI3K/Akt and NF-«B signal transduction pathway facilitate
the expression and secretion of pro-inflammatory cytokines
which create imbalanced cytokine profiles [25]. In this
study, kaempferol diets effectively down-regulated the
colonic mRNA expression level of the major pro-inflam-
matory cytokines, e.g., TNF-o, IL-1f, and IL-6, which
indicate that kaempferol plays a role in the cytokines
production. TNF-o can activate multiple inflammatory cells
as well as increase epithelial and vascular endothelial cell
permeability. In UC model, the levels of cytokines are
influenced by several inflammation-related cells such as
macrophages, neutrophils, leukocytes, and others. MPO is
an index of neutrophil recruitment in UC model. Therefore,
MPO activity may reflect more specific inflammatory
events compared to cytokine concentration. In this study,
both the colonic MPO activity and blood LTB, level were
significantly increased in the DSS group compared to
the non-colitic mice, and all groups supplemented with
kaempferol showed significantly decreased concentrations
of these markers. Animals pre-treated with kaempferol
showed a higher degree of reduction than those treated by
post-feeding. This observation is supported by data from
literature. Regasini et al. [26] reported that kaempferol
derivative markedly decreased MPO activity when com-
pared with other flavonols. Another comparative study by
Kanashiro et al. [27] showed that kaempferol significantly
inhibit human neutrophil degranulation.

Pro-inflammatory eicosanoids, LTB,; and PGE,, are
metabolites of arachidonic acid and are implicated in
inflammation. We found that kaempferol diet resulted in
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significantly decreased levels of LTB, and PGE, in the
plasma of the DSS-induced UC mice (Figs. 3, 4b). LTB,
plays a permissive role in the action of neutrophils during
the amplification of intestinal inflammatory reaction [28].
The increased levels of COX-2-derived PGE, are found at
sites of intestinal inflammation and correlate with disease
activity [29]. The effects of PGE, are mediated through the
EP2/EP4 receptors on dendritic cells [30] and an EP4
agonist ameliorates typical colitis symptoms by suppress-
ing the production of several cytokines in the DSS-induced
colitis model [31]. In the present study, all kaempferol-
supplemented diets were shown to decrease colonic COX-2
mRNA expression significantly, and the pre- or post-fed
0.3% kaempferol diet group showed a markedly decreased
plasma PGE, level. Although the exact mechanism of ka-
empferol is not fully understood, kaempferol effectively
inhibited the transport of MRP1-mediated LTC4, a leuko-
triene family, and inhibited phospholipase A2 group ITA
(PLA2-ITA) which leads to a decrease in eicosanoids levels
and to reduced inflammation [32, 33]. Together, these data
suggest that a diet supplemented with kaempferol influ-
ences the inflammatory cell release and activation by the
down-regulation of TNF-o and the modulation of arachi-
donic acid metabolism.

TNF-o. also activates immune cells and release of
inflammatory mediators, e.g., NO, which facilitates
inflammatory reaction. Excessive amounts of reactive
nitrogen species produced via iNOS during chronic
inflammation may play a key role in the pathogenesis of
colitis-associated neoplasia [34]. In our experiments, the
pre- or post-fed 0.3% kaempferol diet group showed a
significant decrease in both colonic iNOS mRNA expres-
sion and in their blood NO level. Himaildinen et al. [8]
reported that kaempferol inhibits NF-xB, a significant
transcription factor for iNOS. They also found that it
inhibited the activation of the signal transducer and acti-
vator of transcription 1 (STAT-1), another important tran-
scription factor for iNOS, in activated macrophages [8]. The
inflamed IBD luminal epithelium, but not the inflammatory
cells, also contained increased amounts of NOS, and its
immunoreactivity was significantly higher in UC than in
CD [35].

Trefoil factor families (TFFs) were subsequently mea-
sured to determine whether kaempferol exerts an effect on
mucosal protection and repair. TFFs have been used as
parameters for goblet cell function, which plays a critical
role in mucosal protection and repair [36]. TFF3, the major
TFF, is able to enhance epithelial cell migration and
reconstitute the gastrointestinal tract [37]. Although many
aspects of TFF3 biology are unknown, there is evidence
indicating that TFF3 plays a role in IBD. The TFF3 pro-
moter is known to control TGFf type II receptors, and
deficiency of TGFf signaling, specifically in the intestine,
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contributes to the development of IBD [38]. Podolsky et al.
[39] demonstrated that the UC-associated TLR2-R753Q
variant is functionally deficient in the ability to induce
TFF3 synthesis. Feng et al. [37] reported that TFF3 was
significantly decreased in the distal colon mucosa in the
DSS-induced colitis model and partially recovered at the
regenerative phase. These findings indicate that goblet cell-
derived TFF3 was possibly related to the pathogenesis of
ulcerative colitis. The results indicated that TFF3 mRNA
expression was significantly decreased in the distal colon
mucosa of mice treated with DSS and was up-regulated in
the kaempferol pre-fed animals. These findings imply that
pre-fed kaempferol diets maintain and repair the goblet cell
function and help the related epithelial repair capacity
during acute inflammation induced by DSS. The experi-
mental 0.1-0.3% kaempferol levels are 1-3 g/day and that
are about 15 times higher level than the daily dietary intake
in humans [40].

In summary, kaempferol is concluded to be a protective
and therapeutic compound in acute DSS-induced colitis.
The beneficial effects of kaempferol appear to be related to
the decreased production of inflammatory mediators, and
some proportion of the mechanisms may be involved in
arachidonic acid metabolism. Kaempferol also displayed
epithelial cell repair capacity, which suggests other possi-
ble applications in gastrointestinal health.
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