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Abstract

AIM: To analyze the possible protective role of Arctium
/appa L. (AL) in a murine model of ulcerative colitis (UC).

METHODS: BALB/c mice were administered 100 mg/kg
AL powder orally each day. After 7 d, colitis was induced
by administration of dextran sulfate sodium (DSS) (5%
W/V) in drinking water for a further 8 consecutive days.
Diarrhea and bloody stools as well as colonic histology
were observed. The level of interleukin-6 (IL-6) and tu-
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mor necrosis factor-o. (TNF-a) in colonic sections were
detected by immunohistochemistry.

RESULTS: There were significant differences in mean
body weight values and disease activity indices be-
tween controls and Al-treated animals. Moreover, the
histological findings showed that AL treatment can pre-
vent mucosal edema, submucosal erosions, ulceration,
inflammatory cell infiltration and colon damage. In ad-
dition, immunohistochemistry analysis showed that the
levels of the inflammatory cytokines, IL-6 and TNF-a
were also decreased in Al-treated groups.

CONCLUSION: We suggest that AL can prevent intes-
tinal damage and decrease inflammatory cytokines in
mice with DSS-induced colitis. Thus, AL could prove to
be a useful food for UC.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION

Ulcerative colitis and Crohn’s disease are chronic inflam-
matory bowel diseases (IBD). Although these two diseases
have some characteristics in common, the exact etiology
and pathogenesis of these disorders remain unclear. How-
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evet, in recent years, epidemiologic and genetic studies in
man and particularly, in IBD-related animal models, have
suggested that a combination of genetic susceptibility
factors and altered immune response driven by micro-
bial factors in the enteric environment contributes to the
initiation and chronification of these diseases. On the
other hand, there is substantial evidence that intestinal
inflammation is likely to depend on cytokines including
intetleukin (IL)-1, IL-6, 1L.-12p40, I1L.-23p19, IL-10, tumor
necrosis factor-a, (INF-q) and interferon-y (IFN—y)m.
When chosen appropriately, animal models can be used
to investigate pathophysiological mechanisms and are
valuable tools for testing emerging therapeutic strategies
in the preclinical phase. Hence, animal models of colitis
resemble some of the important immunological and his-
topathological aspects of IBD in humans.

The dextran sulfate sodium (DSS) challenge-induced
ulcerative colitis (UC) model has been well characterized
morphologically and biochemically. DSS induces an acute
colitis characterized by bloody stools, ulcerations and in-
filtration of inflammatory cells”. Histologically, DSS pro-
duces submucosal erosions, ulceration, inflammatory cell
infiltration and crypt abscesses as well as epithelioglandu-
lar hyperplasia. It is generally believed that DSS is directly
toxic to gut epithelial cells of the basal crypts and affects
the integrity of the mucosal barrier. The lumen bacteria
induce the production of inflammatory cytokines, IL-6
and TNF-q, and cause colitis. Hence, the DSS-induced
colitis model is particularly useful for studying the contri-
bution of inflammatory mechanisms in colitis.

The “Gobo”, the roots of edible burdock [Aretinm lappa
L. (AL)], is a food in Asia and contains a higher amount
of polysaccharides and residues than other vegetables and
is easily obtained all year round. AL has been extensively
analyzed due to its reserve and cell-wall polysaccharidesm.
Abvetinm lappa has been reported to have antimicrobial activ-
ity as well as antioxidant activity”. The chloroform ex-
tract fraction of the roots from AL protects animals from
chronic gastric ulceration by reducing gastric acid secretion
via inhibition of gastric H', K"-ATPase'”. However, the ef-
fects of AL on colitis are not fully understood.

The AL extract was able to significantly reduce the
release of inflammatory mediators through inhibition of
degranulation and cys-leukotriene release”. This research
indicated that AL has anti-inflammatory activity and may
have therapeutic or prophylactic effects on colitis. A mouse
model of distal colitis induced by DSS that histologically
resembles human UC was used in this study to evaluate
the anti-colitis activity of AL powder.

MATERIALS AND METHODS

Preparation of burdock (Arctium lappa L.) powder

Fresh burdock (Cheer Mean Industrial Co., Ltd.) was
sliced with a hand knife and spread in an oven (Gallen-
kamp, UK) at 60°C for 9 h. The oven-dried AL was then
crushed into tiny pieces in a mortar and then pulverized
in an osterizer blender (Hitachi, Tokyo, Japan) to produce
powdered AL.
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Animals

BALB/c mice (12 wk old, 24-28 g) were bred under
standard conditions and maintained in a 12-h light/12-h
dark cycle at 22°C plus or minus 1°C and given food and
tap water ad /ibitum in accordance with Taiwan Office
Regulations.

Induction of colitis

Colitis was induced by modification of the method of
DSS-induced colonic inflammation as previously de-
scribed”. Colitis was induced in BALB/c mice by adding
DSS (molecular weight: 36-50 kDa; MP Biomedicals) to
drinking water at a level of 5% during the experiment pe-
riod. Water consumption was comparable between the dif-
ferent groups. Mice were monitored daily for weight loss as
well as signs of rectal bleeding and diarrhea. The animals
received 200 pL of water (control group) or 100 mg/kg
per 200 ul. AL powder (treatment group) orally each day.
After 7 d, colitis was induced by administration of DSS
(5% W/V) in drinking water for a further 8 consecutive
days. At day 8 of DSS administration, the mice were sac-
rificed and sections were taken from the colon for histo-
logical assessment.

Assessment of DSS colitis

Body weight loss, stool consistency, and blood in the stool
were monitored daily to assess the severity of colitis. Body
weight, rectal bleeding and stool consistency were moni-
tored daily. Blood in the stool was scored as 0, normal; 2,
slight bleeding; and 4, gross bleeding. Diarrhea was scored

as 0, normal; 2, loose stools; and 4, watery diarrhea.

Histopathological analysis

For microscopic histological evaluation, formalin-fixed
tissues were embedded in paraffin and 5 pm sections were
stained with hematoxylin and eosin and evaluated using
light microscopy by a pathologist in the Animal Hospital
of NPUST who was blinded to the experimental proto-
col.

Immunohistochemistry staining

For immunohistochemistry evaluation, formalin-fixed tis-
sues were embedded in paraffin and 5 um sections were
preincubated in PBS with 20% goat serum and 0.05%
Saponin (Sigma) or 0.5% Triton X-100 for 1 h, and then
incubated overnight with primary antibodies diluted in PBS
with 2% goat serum at room temperature (10 pg/mL).
The following antibodies were used: rat anti-mouse TNF-q,
(Southern Biotech, Birmingham, AL, USA), rat anti-
mouse 1L-6 (Southern Biotech, Birmingham, AL, USA).
The second antibody step was performed using HRP-
conjugated species-specific antibodies (Jackson Immu-
noResearch, West Grove, PA, USA), 1:200 for 20-40 min
developed in DAB for 10 min. Finally, sections were coun-
ter-stained with hematoxylin and mounted. Stained sections
were examined and photographed using light microscopy
by a pathologist in the Animal Hospital of NPUST who
was blinded to the experimental protocol.
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Figure 1 The effects of Arctium lappa L. in dextran sulfate sodium-induced colitis in mice. Weight lost in Arctium lappa L. (AL) or control mice exposed to 5%
dextran sulfate sodium (DSS). Values are mean + SD; n = 5 in each group. Data were analyzed by Student’s ¢ test. Statistical significance is based on the difference

between DSS only-treated mice and DSS plus AL-treated mice (°P < 0.05).
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Figure 2 The disease activity index in mice. Colonic disease activity indices were scored as described in Materials and Methods. Data are expressed as mean £
SD; n = 5. Statistical comparison between the 2 groups was performed using the Student's ¢ test. The level of significance was set to P < 0.05 (°P < 0.05). AL: Arctium

lappa L.; DSS: Dextran sulfate sodium.

Statistical analysis

Data are expressed as mean = SD groups of data (histo-
logical scores, body weight) were analyzed using Student’s
7 test.

RESULTS

Oral administration of AL prevents body weight loss in
the DSS-induced colitis model

Symptomatic colitis parameters such as weight loss and
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disease activity index (DAI) score were monitored each
day. Mice given 5% DSS in their drinking water for 7 d
developed symptoms of colitis without mortality. Com-
pared with vehicle-treated controls, the DSS-administered
groups had significantly decreased body weight (Figure 1).
Oral AL treatment obviously improved weight loss. Fe-
cal characteristics and fecal occult blood were evaluated
individually. Macroscopic examination revealed that no
significant morphological changes were observed follow-
ing water or AL administration. The DSS-administered
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Figure 3 Histological analysis of mice. A: Colon section from control (water treated) animals showing normal colon tissue architecture (HE, x 400); B: Colon sec-
tion from Arctium lappa L. (AL)-treated animals showing normal histological architecture with no inflammatory cell infiltration, edema or crypt abscesses (HE, x 400); C,
D: Colon section from dextran sulfate sodium (DSS)-treated animals showing severe submucosal erosion with edema, ulceration, inflammatory cell infiltration (indicated
with arrows) and crypt abscesses as well as epithelioglandular hyperplasia (C: HE, x 200, D: HE, x 400); E: Colon section from animals challenged with DSS after
prior treatment with AL showing normal histological architecture with slight inflammatory cell infiltration and no submucosal edema or abnormality of crypt cells (HE, x

400). All the results are representative of 3 independent experiments.

groups had loose stools or diarrhea, occult or gross rec-
tal bleeding which markedly increased the DAI scores
(Figure 2A and B). Oral administration of AL before DSS
obviously decreased colonic bloody diarrhea.
Microscopically, normal colonic tissue architecture
is shown in Figure 3A. The control group given water
showed no histological alterations as seen in Figure 3C.
Similarly, mice given AL exhibited virtually the same
normal histology with no inflammatory cell infiltration,
edema or crypt abscesses (Figure 3B). Severe submucosal
edema, erosion, ulceration, inflammatory cell infiltration
and crypt abscesses as well as epithelial glandular hyper-
plasia were observed in the mucosa of DSS-treated ani-
mals (Figure 3C and D). Prior treatment with AL before
the DSS challenge produced a slight inflaimmatory reac-
tion in the colonic mucosa with no submucosal edema or
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crypt cell abnormalities (Figure 3E). On the other hand,
many polymorphonuclear cells and mononuclear cells
infiltrated the apical side of DSS-treated mouse intestine
(Figure 3D arrows).

AL administration inhibited inflammatory mediator
production in colonic tissues

IL-6 and TNF-q, are considered important inflaimmatory
mediators that play a key role in the pathogenesis of IBD. To
determine the effect of AL on major inflammatory cytokines
in the colon, we determined the levels of 11.-6 and TNF-q,
(Figure 4). After 8 d of DSS administration, the levels of
IL-6 and TNF-q increased significantly. AL administration
prevented significant elevations in I1-6 and TNF-q, at day 8.
These results indicated that AL has anti-inflammatory effects
in the DSS-induced colitis mouse model.
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Figure 4 The level of inflammatory cytokine expression in mouse colon sections (HE, x 400). The expression level of interleukin-6 (IL-6) and tumor necrosis
factor-o. (TNF-a) in the colonic samples was determined using anti-IL-6 and TNF-o. monoclonal antibody. AL: Arctium lappa L.; DSS: Dextran sulfate sodium.

DISCUSSION

The results presented herein clearly indicate that AL
efficiently suppresses DSS-induced colitis in mice with-
out any adverse effects. In this study, we showed that
AL prevents body weight loss and an increase in DAI
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scores in mice with DSS-induced colitis. Furthermore,
AL alleviates the symptoms of IDSS-induced colitis and
improves colitis-induced histological damage by reduc-
ing the infiltration of immune cells and the production
of various inflammatory cytokines, such as IL-6 and
TNF-q.. These results suggest that AL has potentially
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clinically useful anti-inflammatory and therapeutic ef-
fects in IBD.

The steroid agent, glucocorticoid, has been used clini-
cally as an anti-inflammatory drug for some time for the
treatment of IBD, but is frequently associated with seri-
ous side effects, such as liver damage, cancers, stroke, and
growth inhibition, and there is a long-standing dilemma
regarding the use of clinical steroid anti-inflammatory
therapy™. New anti-inflammatory drugs, as well as pro-
phylactic or therapeutic foods are important for IBD pa-
tients. Comprehensive data in previous reports show that
IBD are fairly common chronic inflammatory conditions
of the gastrointestinal tract. The main pathologic feature
of IBD is an infiltration of polymorphonuclear neutro-
phils and mononuclear cells into the intestinal tissues.
Both I1.-6 and TNF-a play crucial roles in the DSS-me-
diated inflammatory response in mice and pigsm’m. Mice
administered oral AL showed less infiltration of immune
cells into the colon epithelium (Figure 3E). AL decreased
inflammatory cytokine production and reduced elevated
immune cell numbers. The therapeutic effect exhibited by
AL may thus be explained by its ability to blunt inflamma-
tory cytokine production in DSS-induced murine IBD.

The mouse model of distal colitis induced by DSS
histologically resembles human ulcerative colitis"?. The
exact mechanism of DSS-induced mucosal injury is not
tully understood, but a topical toxic effect of DSS on co-
lonic epithelial cells has been proposedmj. This breach of
bartier function would likely result in increased uptake of
luminal antigens (bacteria and bacterial products) as well
as activation of lamina proptia immune cells and the in-
flammatory response“’u’m. Recent studies pointed out the
possible effect of inulins in plant materials on the func-
tions of the immune system in relation to the regulation
of differentiation and proliferation of intestinal epithelial
cells"™". AL is an inulin-rich food and is easily obtained
all year round. Moreover, inulin can also stabilize the gut
mucosal barrier!™”. In our data, the oral administration of
AL powder maintained the architecture of colonic intesti-
nal cells and the mucosal layer (Figure 3).

Oral (1% in drinking water, or 400 mg/d) administra-
tion of inulin in rats was found to ameliorate DSS-induced
colitis"”. It was found that daily administration of inulin by
the oral route induced an acidic environment (pH < 7.0)
from the cecum to the left colon and increased lactobacilli
counts. Recently, an increase in the number of fecal bifi-
dobacteria and lactobacilli in the cecal content of rats was
reported[zo]. These results indicated that a significant in-
crease in propionic, succinic and butyric acid was observed
in inulin-fed Sprague-Dawley rats. The authors postulated
that oral inulin reduces the severity of DSS-induced colitis
mediated by modification of the intracolonic milieu.

In addition to inulin, the role of chlorogenic acid
should not be ignored. Chlorogenic acid, one of the most
common polyphenols in the human diet, inhibits staphy-
lococcal exotoxin-induced production of IL-1B, TNE,
1L-6, INF-y, monocyte chemotactic protein-l, macrophage
inflammatory protein (MIP)-loi, and MIP-If in human pe-
ripheral blood mononuclear cells™. Chlorogenic acid also
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inhibits lipopolysaccharide (ILPS)-induced inflammatory
response in RAW 264.7 cells. Shan ez 2/ (2009) indicated
that chlorogenic acid significantly decreased LPS-induced
up-regulation of cyclooxygenase-2 at the protein and
mRNA levels resulting in the inhibition of prostaglandin
E2 release from LPS-treated RAW 264.7 cells. Further
studies showed that LLPS-induced activation of nuclear
factor-kB and c-JunN-terminal kinase-c-Jun-activator
protein-1 pathway were significantly suppressed by chlo-
rogenic acid.

According to these studies, we suggest that both
inulins and chlorogenic acid in burdock powder play an
important role in the Al.-mediated prophylactic effect in
DSS-induced colitis, however, the exact mechanisms still
need to be investigated further. ALl may have multiple
functions including anti-inflammatory activity, modifica-
tion of the content of colonic microorganisms, protection
of epithelial cells and stabilization of the mucosal barrier.

In conclusion, oral AL improves body weight loss,
histological scores, maintains the colon architecture, and
decreases the release of inflaimmatory mediators in DSS-
induced colitis in mice. Our findings may be relevant for
future pharmacological or dietary interventions in patients
with ulcerative colitis.
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Ulcerative colitis and Crohn’s disease (CD) are chronic inflammatory bowel
diseases (IBD). Although these two diseases have some characteristics in com-
mon, the exact etiology and pathogenesis of these disorders remain unclear.
Research has indicated that Arctium lappa L. (AL) has anti-inflammatory activity
and may have therapeutic or prophylactic effects on colitis. However, the effects
of AL on colitis are not fully understood.

Research frontiers

In this study, the authors examined whether AL had an effect on colitis. A mouse
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the anti-colitis activity of AL powder.

Innovations and breakthroughs

The results presented herein clearly indicate that AL efficiently suppresses DSS-
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