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Abstract

AIM: To evaluate the therapeutic effect of hy-
droxynaphthoquinone mixture (HM) on dextran sulfate
sodium (DSS)-induced colitis and explore the underly-
ing mechanisms.

METHODS: BALB/c mice received 3.5% DSS for 6 d
to induce ulcerative colitis. Groups of mice were orally
administered HM 3.5, 7 and 14 mg/kg and mesalazine
200 mg/kg per day for 7 d. During the experiment,
clinical signs and body weight, stool consistency and
visible fecal blood were monitored and recorded daily.
A disease activity index score was calculated for each
animal. At the conclusion of the experiment, the colonic
histopathological lesions were evaluated. Myeloperoxi-
dase (MPO) activity and tumor necrosis factor-a. (TNF-a.)
levels were determined. Protein expression levels of
TNF-a, nuclear factor-«B (NF-xB) p65, inhibitor of «B
(IxB) and phosphorylation of IxB (p-IxB) were analyzed
by Western blot analysis.
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RESULTS: Administration of 3.5% DSS for 6 d success-
fully induced acute colitis associated with soft stool,
diarrhea, rectal bleeding, and colon shortening, as well
as a loss of body weight. Administration of HM effec-
tively attenuated the severity of colonic mucosa injury.
For histopathological analysis, HM treatment improved
histological alterations and lowered pathological scores
compared with the DSS only group. This manifested as
a reduction in the extent of colon injury and inflamma-
tory cell infiltration, as well as the degree of mucosal
destruction. In addition, HM at doses of 7 and 14 mg/kg
significantly decreased MPO activity in colonic tissue
(0.98 + 0.22 U/g vs 1.32 + 0.24 U/g, 0.89 + 0.37 U/g
vs 1.32 = 0.24 U/g tissue, P < 0.05) and serum TNF-a.
levels (68.78 £+ 7.34 ng/L vs 88.98 + 17.79 ng/L, 64.13
+ 14.13 ng/L vs 88.98 £ 17.79 ng/L, P < 0.05). Fur-
thermore, HM down-regulated the expression of TNF-a,,
NF-xB p65 and p-IxBa in colonic tissue while up-regu-
lating IxBo protein expression. These results suggest
that the significant anti-inflammatory effect of HM may
be attributable to its inhibition of TNF-o. production and
NF-«B activation.

CONCLUSION: HM had a favorable therapeutic effect
on DSS-induced ulcerative colitis, supporting its further
development and clinical application in inflammatory
bowel disease.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: There is an urgent need for effective and safe
therapeutic approaches for the treatment of inflammatory
bowel disease. We obtained a hydroxynaphthoquinone
mixture (HM) from Zicao. Previously, HM demonstrated
a favorable therapeutic effect in 2,4,6-trinitrobenzene
sulfonic acid (TNBS)-induced colitis. To exclude that the
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therapeutic effect was limited to TNBS-induced colitis,
we evaluated the effect of HM in dextran sulfate sodium
(DSS)-induced colitis. Similarly, we found that HM was
beneficial in DSS-induced colitis. The underlying mecha-
nism may be associated with the regulation of tumor ne-
crosis factor-o. level and nuclear factor-«kB activity. These
findings provide support for further development of HM
for clinical applications.

Zhang ZL, Fan HY, Yang MY, Zhang ZK, Liu K. Therapeutic
effect of a hydroxynaphthoquinone fraction on dextran sulfate
sodium-induced ulcerative colitis. World J Gastroenterol 2014;
20(41): 15310-15318 Awvailable from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i41/15310.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i41.15310

INTRODUCTION

Inflammatory bowel disease (IBD), which encompasses
Crohn’s disease (CD) and ulcerative colitis (UC), is a
chronic and recurrent inflammatory disorder of unknown
etiologym. Its main clinical symptoms include abdominal
pain, diarrhea, bloody mucopurulent stool and fistuliza-
tion'"”. IBD has been identified as one of the most chal-
lenging health issues by the World Health Organization
and is associated with a high risk of colon cancer if not
treated in a timely manner. IBD is very common in devel-
oped countries, with the greatest incidences in northern
Europe, the United Kingdom, and North America. In
the West, the prevalence of UC and CD has increased to
approximately 200/100000 persons. Recently, IBD cases
have increased in China with the improvement of living
conditions and the adoption of a western lifestylem. IBD
has become the main cause of digestive system dis-
orders and chronic diarrhea in China, mostly affect-
ing young people. IBD is gaining attention as it is
a major threat to daily life and human health. To date
there is no ideal treatment for IBD, and the primary goal
of treatment is the mitigation of symptoms.

Although many studies suggest that genetic and en-
vironmental factors, infection, and immune system dis-
orders are involved in the development of IBD, its cause
and underlying mechanisms remain unclear. Molecular
biology and immunology studies, the establishment of
animal models, and recent studies of cytokines and ad-
hesion molecules have led to a better understanding of
the pathogenesis of IBD. It is widely accepted that acti-
vation of the nuclear factor-kB (NF-kB) signaling path-
way and overexpression of associated cytokines such as
tumor necrosis factor-a, (TNF-q), interleukin-6 (IL-0),
1L-10, and interferon-y (IFN-y) play key roles in the de-
velopment of IBD. NF-kB regulates the expression of
multiple pro-inflammation genes and is thus a key player
in maintaining immune system homeostasis™. Thus, in-
hibition of NF-kB and its associated molecules may be a
novel therapeutic tool.
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Zicao, the dried root of Arnebia euchroma (Royle)
Johnst ot Arnebia guttata Bunge, according to the Phar-
macopeia of the People’s Republic of China (2010 ed),
is a traditional Chinese herbal medicine. In China, Zicao
has been extensively used for more than 1000 years in the
treatment of burns, eczema, bedsores, hepatitis, allergic
purpura and endoctine disorders. Naphthoquinones (also
termed as hydroxynaphthoquinones in the Pharmaco-
poeia of China), including shikonin, alkannin and their
derivatives, are the major active constituents of chemical
components isolated from Zicao". Shikonin derivatives
have an R-configuration, and alkannin derivatives have an
S-configuration; however, it has been reported that the
biological activities of shikonin and alkannin do not dif-
fer signiﬁcantly[m. Pharmacological studies suggest that
hydroxynaphthoquinones reduce inflammation, promote
wound healing and are antibacterial®. Shikonin deriva-
tives appear to exert their anti-inflammatory actions and
modulate the immune system through inhibiting TNF-q,
down-regulating NF-xB signaling and decreasing the pro-
duction of other cytokines[&m. Furthermore, an ointment
of alkannin and its derivatives has been used clinically in
the treatment of traumatic ulcer and acute anal fissure!”.

Previously, we showed that a hydroxynaphthoqui-
none mixture (HM) obtained from the petroleum ether
extract of Zicao showed favorable therapeutic action in
2,4,6-trinitrobenzene sulfonic acid (TNBS)-induced coli-
tis"?. To confirm that the therapeutic effect of HM is not
limited to TNBS-induced colitis, we evaluated the effect
of HM in an established model of acute ulcerative colitis
induced with dextran sulfate sodium (DSS) and further
explored its mechanism of action through investigation
of the NF-kB signaling pathway.

MATERIALS AND METHODS

Animals

Eight-week-old BALB/c mice were purchased from
Vital River Laboratory Animal Technology Co., Ltd.
(certificate No. 0247652). All animals were acclimated
for at least 1 wk at a temperature of 24 C + 1 'C with
55% £ 5% humidity. The animals were maintained with
free access to a standard diet and tap water. All experi-
mental procedures were approved by the local Animal
Care and Use Committee.

Drugs and reagents

HM was provided by Wuxi Target Drug Research Co.
Ltd. (Jiangsu, China), containing 89.43% total pigments
of hydroxynaphthoquinone, calculated as shikonin. DSS
was purchased from Beijing Bitab Biotechnology Co.
Ltd. (Beijing, China). Mesalazine was purchased from
Ethypharm Pharmaceutical Co., Ltd. (France). The my-
eloperoxidase (MPO) detection kit was purchased from
Nanjing Jiancheng Bioengineering Institute. The mouse
TNF-a enzyme-linked immunosorbent assay (ELISA)
Kit, a product of R and D Systems (United States), was
obtained from Shanghai Chuanxiang Biotechnology
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Co. Ltd. (Shanghai, China). The antibodies used in this
study wetre anti-TNF-q, (ab66579, Abcam), anti-NF-kB
p65 (ab16502, Abcam), anti-inhibitor of NF-kB (IxB)
o (ab32518, Abcam), and anti-phosphorylated IxBo
(p-IxBal, Ser-36, ab133462, Abcam). Goat anti-rabbit
IgG was purchased from Boster Biotechnology (Wuhan,
Hubei province, China).

Induction of colitis

BALB/c mice were randomly assigned to the following
groups (7 = 8-10 per group): control, DSS alone (DSS),
DSS plus mesalazine (200 mg/kg), DSS plus HM (3.5, 7,
14 mg/kg). Control mice were given filter-purified watet,
while the other groups were administered 3.5% DSS for
six days to induce colitis. Mesalazine and HM were de-
livered by intragastric administration (0.2 mL/10 g) for
seven days from the first day of induction.

Evaluation of disease activity index

The mice were checked daily for colitis based on body
weight monitoring, gross rectal bleeding, and stool con-
sistency. The overall disease severity was assessed by a
clinical scoring system!™'" and a disease activity index

(DAI) score was calculated for each animal.

Sample collection and histopathological examination

After 7 d of drug administration, blood was obtained
from the inner canthus of the eye, and samples were cen-
trifuged for 15 min at 3000 rpm, after which the superna-
tant was collected and stored at -20 ‘C until analysis. Mice
were then sacrificed, and the colon and rectum were dis-
sociated. After removal of the entire colon and rectum,
the total length was measured, and the colon was then
opened longitudinally, gently washed with ice-cold saline
and blotted dry with filter paper. The colon tissue was
then weighed and cut into several segments. A 1-cm co-
lon segment 2 cm from the anus was fully expanded, af-
fixed to filter paper, and then fixed in 10% neutral forma-
lin. The tissues were then embedded in paraffin, stained
with hematoxylin and eosin, and assessed under light mi-
croscopy. Colonic damage was scored as described previ-
ously“sj. The remaining colon tissue was stored at -80 C
for biochemical measurements and Western blot analysis.

Determination of MPO activity and TNF-o. level

MPO activity was measured using a detection kit ac-
cording to the manufacturer’s instructions. MPO activ-
ity was determined using the O-dianisidine method and
expressed as units per gram of wet tissue. TNF-a serum
levels were assayed using a mouse TNF-or ELISA kit and
expressed as ng/L.

Western blot analysis

Nuclear and cytoplasmic extracts were prepared using a
nuclear and cytoplasmic protein extraction kit (Beyotime,
China). Briefly, colon tissues (approximately 80 mg) were
homogenized in cytoplasmic extraction buffer. Tissue ho-
mogenates were rapidly lysed by vortexing, The homog-
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enate was centrifuged at 12000 g for 10 min at 4 'C and
proteins were collected from the supernatant. The pellets
were re-suspended in 50 uL of nuclear protein extraction
buffer, lysed by ultrasound in an ice water bath, and then
centrifuged to yield the nuclear fraction. Protein con-
centration was measured with a BCA protein assay kit.
Protein samples (50-80 ng) were separated using 8%-12%
SDS-PAGE gels and transferred onto PVDF membranes.
The membranes were blocked with 5% skim milk in Ttis-
buffered saline with Tween 20 for 2 h at room tempera-
ture and then incubated with primary antibodies to anti-
TNF-qa, anti-NF-kB p65, anti-IkBa, or anti-p-IxkBo at
a 1:1000-1:10000 dilution overnight at 4 ‘C. Then, the
membrane was washed 3 times for 10 min each and in-
cubated with a horseradish peroxidase- conjugated anti-
rabbit IgG antibody. Protein bands were detected using
an enhanced chemiluminescence detection kit (Beyotime
Institute of Biotechnology) and visualized by exposure to

photographic film.

Statistical analysis

Statistical analyses were performed using SPSS software
11.5 for Windows. All results are expressed as mean £
SD. Quantitative data were tested for homogeneity of
variance. If the variance was homogeneous, one-way
ANOVA followed by the Bonferroni post hoc test was
used. Comparisons between groups of nonparametric
data were made using the Kruskal-Wallis test followed
by the Mann-Whitney U test. P < 0.05 was considered
significant.

RESULTS

Effect of HM on the clinical signs and body weight
change of mice

Animals treated with 3.5% DSS for 6 d developed symp-
toms of acute colitis with an incidence rate of 100%.
Acute colitis manifested as diarthea and bloody feces
accompanied by a notable loss of body weight. Control
animals showed a steady increase in body weight. In com-
parison with control mice, the DSS alone treatment group
had a significantly increased DAI score. HM treatment
supptessed DSS-induced colitis in a dose-dependent man-
ner, ameliorated diarrhea and rectal bleeding, and reduced
the loss of body weight. Similatly, mesalazine treatment
also produced a significant reduction in the disease index
and the severity of lesions caused by DSS treatment (Fig-
ure 1). On the sixth day of the experiment, the DAI score
in the DSS alone group was 7.4 * 1.3 mg/kg, while in the
HM 3.5, 7, and 14 mg/kg treatment groups, it was 6.2 £ 3.1
,5.0 2.0 and 4.7 £ 2.2 mg/kg, respectively.

Effect of HM on colon length, colonic MPO activity and
serum TNF- levels in DSS-induced ulcerative colitis in
mice

Our results showed that following 6 d of DSS treatment,
colon length was shortened in all animals. Additionally,
congestion and swelling in the colon and a slight increase
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Figure 1 Effect of hydroxynaphthoquinone mixture on the clinical signs and body weight change of mice. A: Body weight change; B: Disease activity index.
Colitis was induced by administration with 3.5% dextran sulfate sodium (DSS) for 6 d. Hydroxynaphthoquinone mixture (HM) (3.5, 7, 14 mg/kg) or mesalazine 200
mg/kg was administered daily for 7 d. Disease progression was monitored daily by observation of clinical signs and body weight change. Data are presented as mean

+ 8D of eight to ten mice. °P < 0.05 vs control, °P < 0.01 vs DSS alone.
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Figure 2 Effect of hydroxynaphthoquinone mixture on colon length (A), colonic myeloperoxidase activity (B) and serum tumor necrosis factor-a level (C)
in dextran sulfate sodium-induced mouse ulcerative colitis. Colitis was induced by administration with 3.5% dextran sulfate sodium (DSS) for 6 d. Hydroxynaph-
thoquinone mixture (HM) (3.5, 7, 14 mg/kg respectively) or mesalazine 200 mg/kg was administered daily for 7 d. Myeloperoxidase (MPO) activity was determined us-
ing an MPO detection kit. Tumor necrosis factor-o. (TNF-o) level was determined by enzyme-linked immunosorbent assay. Data are presented as mean + SD of eight

to ten mice. °P < 0.01 vs control; °P < 0.05 vs DSS alone.

in colon weight was observed. The mean colon length
was 5.71 £ 0.87 cm for DSS-only mice, showing a signifi-
cant reduction compared with normal mice (8.91 £ 0.97
cm) (P < 0.01). Treatment with different doses of HM
prevented colon shortening, The mean colon length was
6.02 £ 0.37 cm for HM 3.5 mg/kg, 6.51 £ 0.66 cm for
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HM 7 mg/kg, and 6.80 £ 0.70 cm for HM 14 mg/kg. A
significant effect was observed at a dose of 14 mg/kg.
Mesalazine also inhibited colon shortening to some ex-
tent (Figure 2A).

MPO activity in colonic tissue showed a significant in-
crease to 1.32 = 0.24 U/g tissue after DSS administration
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(Figure 2B), suggesting the induction of a severe inflam-
matory response. Following HM (3.5, 7 and 14 mg/kg)
and mesalazine treatment, MPO activity was reduced to
1.10 £ 0.31, 0.98 £ 0.22, 0.89 + 0.37 and 0.95 + 0.30 U/
g tissue, respectively.

As shown in Figure 2C, the TNF-q level in the DSS-
only group significantly increased in contrast to controls
(88.98 £ 17.79 ng/L »s 48.92 + 12.92 ng/L, P < 0.01).
HM 3.5 mg/kg showed a tendency to reduce the TNF-a
level, but the reduction was not statistically significant.
Mesalazine and HM 7 and 14 mg/kg significantly re-
duced TNF-q levels (P < 0.05). The mean serum TNF-o
levels were determined to be 64.33 + 14.28 ng/L for me-
salazine, 79.75 * 16.45 ng/L for HM 3.5 mg/kg, 68.78 +
7.34 ng/L for HM 7 mg/kg and 64.13 + 14.13 ng/L for
HM 14 mg/kg.

Effect of HM on histopathological changes in DSS-
induced ulcerative colitis in mice

On histological examination, colonic epithelial cells and
crypt structures were intact, with no reduction of gob-
let cells in control mice. In DSS-treated mouse mucosa,
severe lesions, with a complete loss of colonic epithelial
cells, crypt structure and goblet cells were present in
most colonic samples. In addition, the mucosa and sub-
mucosa were infiltrated with inflammatory cells in areas
of focal lesions, and associated congestion and edema
were observed. Histopathological injury scores were
significantly elevated. Treatment of animals with HM
showed significant effects at all dose levels. Treatment
with HM 3.5 mg/kg reduced the area of injury and the
extent of congestion or edema compared with that in
the DSS-only group (P < 0.05). Although there was still
widespread destruction of the crypt structure, the intact
epithelial mucosa was preserved. Likewise, HM 7 mg/kg
significantly reduced the extent of colon injury, conges-
tion and edema (P < 0.05). In mice treated with HM 14
mg/kg, the colonic mucosa showed slight pathological
changes including a reduced extent of colon damage and
reduced infiltration of inflammatory cells. The structure
of the crypt epithelial cells remained intact, and the his-
topathological injury scores were significantly decreased (P
< 0.05). A similar efficacy was observed for mesalazine

(Figure 3).

Effect of HM on the expression levels of TNF-c.,

NF-xB p65, IxBo. and p-lBo. proteins in DSS-induced
ulcerative colitis in mice

Our results showed that the expression levels of p-IxBa
and NF-kB p65 were increased in the colonic tissue,
while IkBa, expression was decreased compared with
those in controls. This indicates that NF-kB activity was
increased. The administration of HM down-regulated
the expression of p-IkBo and NF-kB p65 while up-
regulating the expression of IkBo. Moreover, HM
inhibited TNF-o expression. These results suggest that
the anti-inflammatory effect of HM may be associated
with inhibition of TNF-q production and NF-kB acti-
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vation (Figure 4).

DISCUSSION

The establishment of animal models of bowel tract
inflammation has provided effective approaches for in-
vestigating the pathogenesis of IBD and for screening
new drugs. The sulfated polysaccharide DSS can disrupt
the epithelial cell barrier. DSS may induce colitis by af-
fecting DNA replication, inhibiting the overgrowth of
epithelial cells, inducing macrophage activation, increas-
ing the release of cytokines and breaking the balance of
gut microflora”®. The T cell response in DSS-induced
colitis consists of a Th1 response in the acute phase with
a mixed Th1/Th2 response in later and chronic phases
of inflammation. In either case, DSS elicits the secretion
of large amounts of TNF-o and IL-6, which are primar-
ily responsible for the tissue damage associated with the
disease”. The pathological changes in the DSS-induced
IBD model are similar to human UC, and this simple
experimental process is easily reproduced"*™'”. Thus, it
is an ideal model that has been widely used to study the
mechanism of UC and for screening potential drugs.

In the current study, we successfully established a
murine IBD model by treating BALB/c mice with 3.5%
DSS for six days. Beginning on the third day of DSS ad-
ministration, mice began to show reduced activity, loose
stools and decreased body weight. During later phases,
mice had serious bloody stools, and a few mice died.
Colon hyperemia, edema and bloody contents were also
observed. The intestinal tract wall became thick and stiff.
Shortening of the colon was found in all DSS-treated
animals. Histopathological examination showed that
the crypt structure in the colon tissue disappeared, and
epithelial and goblet cells decteased, while inflammatory
cell infiltration occurred in the mucosa and submucosa.
Treatment with HM decreased the lesion severity, reduced
the extent of colon injury and alleviated the infiltration
of inflammatory cells. This confirms that HM has a ben-
eficial effect on UC. In addition, decreased MPO activity
illustrated the benefits of HM treatment in the mouse
model of DSS-induced colitis. MPO is an enzyme that is
mainly expressed in neutrophil granulocytes. Increased
MPO activity can produce extra oxidizing agents that can
cause tissue damage. MPO activity is positively associated
with the number of neutrophil granulocytes; thus, the
measurement of MPO activity can be used as a quantita-
tive assay for acute intestinal inflammation"”. Our results
showed that MPO activity was significantly inhibited after
HM treatment, suggesting that HM has a stronger anti-
inflammatory activity.

The mechanism of IBD progression is very complex.
In addition to genetic and environmental factors, the mu-
cosal immune system plays a key role in disease progres-
sion. In a normal intestinal tract, the mucosal immune

system can maintain the balance between proinflamma-
tory and anti-inflammatory cytokines, thus avoiding in-
jury caused by microflora. In chronic mucosal inflamma-
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Figure 3 Effects of hydroxynaphthoquinone mixture on pathological injury. A: Intestinal histopathological features; B: Pathological scores of colonic samples of
each group. Colitis was induced by administration with 3.5% dextran sulfate sodium (DSS) for 6 d (original magnification, x 100). Hydroxynaphthoquinone mixture (HM)
(3.5, 7, 14 mg/kg) or mesalazine 200 mg/kg was administered daily for 7 d. 1: Control; 2: Mice treated with DSS alone; 3: Mice treated with DSS plus mesalazine; 4-6:
Mice treated with DSS plus HM (3.5, 7, 14 mg/kg respectively). Data are presented as mean + SD (n = 8-10 mice). °P < 0.01 vs control; °P < 0.05 vs DSS alone.
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Figure 4 Effects of hydroxynaphthoquinone mixture on the expression of
tumor necrosis factor-o, nuclear factor-kB p65, inhibitor of nuclear factor-
«B in dextran sulfate sodium-treated colon tissue. A: The expression level of
nuclear factor-kB (NF-kB) p65 in nuclear protein; B: The expression level of tu-
mor necrosis factor-a (TNF-c), inhibitor of NF-kB (likBo) and phosphorylation of
lxBo (p-1kBa). Colitis was induced by administration with 3.5% dextran sulfate
sodium (DSS) for 6 d. Hydroxynaphthoquinone mixture (HM) (3.5, 7, 14 mg/kg
respectively) was administered daily for 7 d. Protein extracts were obtained from
colons, and protein expression levels were detected by Western blot analysis.

tion occurring with IBD, macrophages and T cells can be
widely activated and produce high concentrations of pro-
inflammatory cytokines such as TNF-q,, IL.-6 and IFN-y,
causing lesions in colon tissue”™. The main pathological
changes of UC are regional intestinal tract inflammatory
responses that are characterized by increased numbers
of immune cells and epithelial cell disruption. Previous
studies showed that in UC patients, the mRNA expres-
sion levels of several cytokines, including IFN-y, TNF-q,
1L-1B, IL-6 and 11.-10 increased and were associated with
UC severity”?. Among these cytokines, the overexpres-
sion of TNF-q, is critical in intestinal mucosal lesions'”.
In the clinic, TNF-o blockers such as infliximab, adali-
mumab and certolizumab pegol have been successfully
used for the treatment of IBD patients™*’. Our results
showed that HM treatment decreased serum and colon
tissue levels of TNF-o in DSS-induced mouse colitis,
suggesting that the protective effect of HM against co-
lonic injury is related to the regulation of TNF-q, levels.
Pro-inflammatory cytokines are well known to be
linked to the pathogenesis of IBD’. With the develop-
ment of molecular medicine, studies of nuclear tran-
scription factors such as NF-xB have garnered more
attention. Pro-inflammatory cytokines such as TNF-o
and IL-1 interact physically with the NF-xB signaling
pathway. These triggering substances activate the NF-
kB signaling pathway, which in turn promotes and con-
trols the expression of TNF-q and other cytokines. The
constant activation of NF-kB maintains and increases
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the inflammatory response in IBD; thus, NF-xkB may
act as a key regulator'”. Most clinical studies suggest that
the expression level of NF-kB p65 and NF-xB binding
activity significantly increase in patients with ulcerative
colitis™". Clinical and pre-clinical evidence suggests
that the application of NF-kB p65 oligonucleotides sig-
nificantly decreases the expression of NF-kB p65 and
cytokines in mucosa and decreases the severity of clinical
symptoms' >, indicating that NF-kB may be a thera-
peutic target. To determine whether HM affected NF-
kB activity, we planned to investigate the key molecules
regulating NF-kB activation. The activation of NF-xB
is regulated by IxB and IkB kinase (IKK). When inac-
tive, the NF-kB dimer associates with IxB proteins, the
best-studied and most important of which is TkBo/*".
The NF-kB signaling pathway can be activated by several
stimuli including lipopolysaccharide, pro-inflaimmatory
cytokines, and viruses” . These stimuli can activate the
IKK complex. IKKSs phosphorylate the inhibitory IxkBa,
protein, resulting in the dissociation of IxBa from NF-
kB. The uncovered nuclear localization signals will then
cause the activation of NF-kB proteins™. High NF-kB
activity is accompanied by the increased expression levels
of several cytokines (IL-1, IL-6 and TNF-q;) and adhe-
sion molecules™ !, Because NF-kB is the key regulator
in the pathogenesis of IBD, it has become an attractive
target for the treatment of IBD. Most anti-inflammatory
drugs, including cortical hormones, salazosulfapyridine,
aminosalicylic acids and TNF-or monoclonal antibodies,
exert their anti-inflammatory function at least partially
through the inhibition of NF-kB activation™**",

In our study, we examined whether HM regulates the
activation of NF-kB in tissue affected by colitis. Our
results showed that treatment with HM decreased the
expression of NF-kB p65 and p-IkBa and increased
the expression of IkBa. Thus, we hypothesize that the
induction of IkB expression and the suppression of IxkB
degradation may be a mechanism by which HM inhibits
NF-«B activation. Similarly, HM decreased the expression
of TNF-a in colon tissue. Through these two pathways,
HM could inhibit the increased inflammatory response
and reduce the severity of colitis lesions.

In summary, our results suggest that HM can ef-
fectively reduce clinical symptoms in a mouse model
of DSS-induced ulcerative colitis and may be a suitable
candidate drug for the treatment of IBD. The underly-
ing anti-inflammatory mechanism of HM acts through
the inhibition of TNF-o production and NF-xB activa-
tion. These novel findings provide the pharmacological
foundation for the application of HM in the treatment
of IBD.
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