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Abstract

AIM: To evaluate the potential effectiveness of hy-
droxynaphthoquinone mixture (HM) in rats with 2,4,6-tri-
nitrobenzene sulfonic acid (TNBS)-induced colitis.

METHODS: Colitis was induced by intracolonic ad-
ministration of TNBS (80 mg/kg, dissolved in 50%
ethanol). Rats were treated daily for 7 d with HM (2.5,
5, 10 mg/kg) and mesalazine 100 mg/kg 24 h after
TNBS instillation. Disease progression was monitored
daily by observation of clinical signs and body weight
change. At the end of the experiment, macroscopic
and histopathologic lesions of rats were scored, and
myeloperoxidase (MPO) activity was determined. We
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also determined inflammatory cytokine tumor necrosis
factor (TNF)-a level by ELISA, Western blotting and im-
munochemistry to explore the potential mechanisms of
HM.

RESULTS: After intracolonic instillation of TNBS, ani-
mals developed colitis associated with soft stool, diar-
rhea and marked colonic destruction. Administration of
HM significantly attenuated clinical and histopathologic
severity of TNBS-induced colitis in a dose-dependent
manner. It abrogated body weight loss, diarrhea and in-
flammation, decreased macroscopic damage score, and
improved histological signs, with a significant reduction
of inflammatory infiltration, ulcer size and the sever-
ity of goblet cell depletion (all 7 < 0.05 vs TNBS alone
group). HM could reduce MPO activity. In addition, it
also decreased serum TNF-a level and down-regulated
TNF-o. expression in colonic tissue. This reduction was
statistically significant when the dose of HM was 10 mg/
kg (P < 0.05 vs TNBS alone group), and the effect was
comparable to that of mesalazine and showed no ap-
parent adverse effect. The underlying mechanism may
be associated with TNF-¢, inhibition.

CONCLUSION: These findings suggest that HM pos-
sesses favourable therapeutic action in TNBS-induced
colitis, which provides direct pharmacological evidence
for its clinical application.

© 2013 Baishideng Publishing Group Co., Limited. All rights
reserved.
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Core tip: Current therapies for inflammatory bowel dis-
ease are limited by lack of effectiveness, drug refrac-
toriness or severe adverse effects. Therefore, there is
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an urgent need for more effective and safe therapeutic
approaches. Due to their favourable effect and less
side effects, looking for novel agents from herbal and
natural products has been a research focus for a long
time. Previous studies demonstrate that hydroxynaph-
thoquinones exert therapeutic action on chronic inflam-
matory disease. In this study, hydroxynaphthoquinones
showed beneficial effect on 2,4,6-trinitrobenzene sul-
fonic acid-induced colitis via tumor necrosis factor-a
inhibition, and the effect was comparable to that of
mesalazine. This provides pharmacological evidence for
its clinical application.

Fan HY, Zhang ZL, Liu K, Yang MY, Lv WH, Che X, Xu H,
Song WW. Effectiveness of a hydroxynaphthoquinone fraction
from Arnebia euchroma in rats with experimental colitis. World
J Gastroenterol 2013; 19(48): 9318-9327 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v19/i48/9318.htm DOI:
http://dx.doi.org/10.3748/wjg.v19.i148.9318

INTRODUCTION

Inflammatory bowel disease (IBD), comprising Crohn’s
disease (CD) and ulcerative colitis (UC), is a chronic, re-
lapsing inflammatory intestinal disorder'. The incidence
and prevalence of IBD are now increasing worldwide.
The highest incidences have been reported in North
American and Northern Europe. In recent years, the
incidence rates appear to be increasing in developing
countries in Burope and Asia with westernisation of life-
style and industrialization, including China, South Korea
and India”. The exact pathogenesis remains elusive, but
thus far, IBD is thought to be the results of interaction
between genetic alterations and environment factors that
induce an aberrant mucosal immune response, in which
inflammatory cytokines play a critical role in the induc-
tion of colonic tissue damagewj. Available therapies
for IBD include conventional anti-inflaimmatory agents
(such as 5-aminosalicylates and corticosteroids), immune
modulators and biological therapy. Biological therapy
aims at antagonizing pro-inflammatory molecules. Thus,
inflammatory cytokines are the most logical targets for
IBD treatment. Among various cytokines, tumor necro-
sis factor (ITNF)-q is the cytokine that has been widely
studied. Currently, the use of TNF-a blockers is the only
licensed biological therapy for IBD and several TNF-q
blockers (infliximab, adalimumab and certolizumab) have
been applied in clinical practice. Although these available
agents have shown clinical benefits to some degree, they
are not entirely effective and have multiple adverse ef-
fects. Furthermore, IBD management requires long-term
treatment that often leads to drug refractoriness or in-
tolerance®’. Patients who are unresponsive to the current
therapy still suffer from this common disease. Therefore,
it is necessary to develop novel therapeutic approaches.
Zicao, the dried root of Arnebia enchroma (Royle) John-
st, is a traditional Chinese herbal medicine. It has been

(49

Boishidongs  WIG | www.wjgnet.com

used in China for thousands of years for the treatment
of various diseases”™”. Naphthoquinones (also termed as
hydroxynaphthoquinones in Pharmacopoeia of China)
have been identified as the main representative active in-
gredients of Zicas. Hydroxynaphthoquinones mainly con-
sist of alkannin and shikonin as well as their derivatives.
Modern pharmacological studies have demonstrated
that hydroxynaphthoquinones possess multiple biologi-
cal activities such as anti-inflammation, wound healing,
antibacterial and antifungalls’gj. In particular, shikonin
exerts significant anti-arthritic and immunomodulatory
effects. It could inhibit the expression and transcriptional
activation of TNF-q, and reduce the production of in-
flammatory mediators''”. Furthermore, the ointment
containing alkannin derivatives has been applied success-
fully to the treatment of traumatic ulcers and acute anal
fissures'”. Based on these characteristics, we hypothesized
that hydroxynaphthoquinones may prevent and even cure
IBD.

In previous research, our group isolated a mixture of
hydroxynaphthoquinone alkannin derivatives and validat-
ed its protective effect against experimental arthritis and
its analgesic effect, as well as its modulatory effect on the
serum TNF-q level™™. Chemical analysis identified sev-
en constituents: alkannin, acetylalkannin, 3-acetoxyisoval
erylalkannin, deoxyalkannin, 8,’-dimethylacrylalkannin,
a-methybutyrylalkannin, and isovalerylalkannin[m]. The
objective of this study was to investigate the potential
therapeutic action of this hydroxynaphthoquinone mix-
ture (HM) in the murine model of 2,4,6-trinitrobenzene
sulfonic acid (TNBS)-induced colitis.

MATERIALS AND METHODS

Animals

Male Sprague-Dawley (SD) rats (weight, 200-220 g) were
purchased from the Animal Department of the College
of Medicine, Beijing University [certificate No. SCXK
(Jing) 2006-0008)]. All animals were allowed to acclimate
for at least 1 wk at a temperature of 24 = 1 °C and hu-
midity of 55% £ 5%. All rats were housed in cages with
food and tap water ad libitum. The experiment proce-
dures were approved by Office of Experimental Animal
Management Committee of Shandong Province, China.

Materials and regents

HM was provided by Shandong Target Drug Research
Co. Ltd. Mesalazine slow-release granule was the product
of Ethypharm Industries (France). TNBS was supplied
by Sigma Chemical Co. (United States). Polyclonal anti-
TNF-q antibody was purchased from Santa Cruz Bio-
technology (CA, United States). Anti-B-actin antibody
was obtained from Beyotime Institute of Biotechnology
(Jiangsu Province, China). Rabbit anti-goat IgG was
putchased from Boster Biotechnology (Wuhan, Hubei
Province, China). Myeloperoxidase (MPO) detection kit
was purchased from Nanjing Jiancheng Bioengineering
Institute (Nanjing, China). TNF-o ELISA Kit was the
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product of R and D System (United States), which was

obtained from Shanghai Chuanxiang Biotechnology Co.
Ltd (Shanghai, China).

Induction of colitis and study design

After a 24 h fasting, rats were anaesthetized with pento-
batbital, and then TNBS (80 mg/kg, dissolved in 50%
ethanol) was instilled into the colon"”. Control rats re-
ceived saline instead. Animals were orally administered
with mesalazine 100 mg/kg and HM (2.5, 5, 10 mg/kg)
24 h after TNBS instillation, daily for 7 d. Body weight
and diarrhea of rats were recorded daily. On day 8, rats
were anaesthetized with pentobarbital. Blood was col-
lected from the abdominal aorta of rats. The serum was
prepared by centrifuging the blood at 3000 g for 15 min
for TNF-q, assay. The colon was removed and placed on
an ice-cold plate, cleared of fat and mesentery, and blot-
ted on filter paper. Then, the colon was longitudinally
opened, washed gently with ice-cold saline and blotted
dry with filter paper. Finally, colon tissue was weighted.
Its length was measured and the extent of macroscopic
damage was evaluated. Afterwards, the colon was divided
into several segments. One segment of the colon (ap-
proximately 2 cm) was used for histological examination.
The rest of tissue segments were snap-frozen in liquid
nitrogen and stored at -80 ‘C for MPO activity measure-
ment and Western blotting analysis.

Macroscopic damage evaluation

Macroscopic colonic damage was assessed using a mag-
nifying glass by an independent observer and was scored.
The scale for macroscopic damage ranged from 0-10 and
was based on the appearance of ulceration, thickening of
the bowel wall, sites of ulceration and sites of inflamma-

tion"”,

Histopathological assessment

The tissue was fixed in 10% neutral buffered formalin,
embedded in paraffin and stained with hematoxylin and
eosin (H and E). Colonic damage and inflammation were
scoted blindly according to the criteria desctibed previ-
ouslym.

Determination of myeloperoxidase activity

The assessment of MPO activity is a well established
biochemical assay for quantifying intestinal inflamma-
tion"”. The colonic samples (100 mg) were thawed and
homogenized on ice in PBS buffer containing hexadecyl
trimethyl ammonium bromide to prepare a 5% homog-
enate. The subsequent assay was performed according to
the manufacturers’ instructions. The absorbance was read
at 460 nm using visible spectrophotometer. MPO activity
was determined using the O-dianisidine method and the
final results were expressed as units per gram of wet tis-
sue.

TNF-o. assay

Serum was obtained from all groups of rats on the final
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experimental day and then stored at -20 ‘C until analy-
sis. The supernatant was used to measure the level of
TNF-q with a rat TNF-ot ELISA kit. The procedure was
performed according to the manufacturer’s instructions.

Immunohistochemical analysis

Paraffin-embedded colonic tissue sections (5 umol/L)
were fixed in 4% paraformaldehyde, deparaffinized and
dehydrated through graded ethanol. The sections were
washed three times with PBS for 5 min each, blotted dry-
ing, and then treated with 3% hydrogen peroxide for 30
min at room temperature to block the endogenous per-
oxidase activity. Afterwards, the sections were immersed
in antigen retrieval solution (citrate buffer, pH 6.0) for 10
min. This was followed by rinsing with PBS. After block-
ing with normal goat serum for 30 min at 37 C, sections
were co-incubated with a primary anti-TNF-ou antibody
(1:150 dilution in PBS) overnight and then with a perox-
idase-conjugated anti-rabbit IgG secondary antibody for
1 h at room temperature. Thereafter, the sections were
incubated with 3,3-diaminobenzidine (DAB) regents for
10 min, counterstained with hematoxylin, dehydrated and
mounted for microscopy analysis. The intensity of im-
munoreactivity was examined with a pathological image
analyzer and IMAGE-PRO PLUS analyzing program.
The results were represented as mean integrated optical
density (A4) value for each sample.

Western blotting analysis

Frozen colonic tissues (60 mg) were thawed and later
mechanically homogenized on ice. Homogenates were
centrifuged at 10000 g for 20 min and total proteins were
collected from the supernatant. The protein concentra-
tion was measured with a BCA protein assay kit. The
protein was boiled in SDS sample loading buffer (Tris-
HCI pH 6.8; 10% SDS; 0.5% bromophenol blue; 50%
glycerine; 5% B-mercaptoethanol) for 5 min. Then equal
amounts of protein (120 pg) were separated by 10%
SDS-polyacrylamide gel electrophoresis (SDS-PAGE).
After electrophoresis for 60 min, the protein was trans-
ferred onto polyvinylidene difluoride (PVDF) membrane.
The membrane was blocked with 3% skim milk and
saturated in Tris buffered saline with 1% Tween 20 for 1
h at room temperature. Subsequently, the membrane was
incubated with the primary anti-TNF-q, antibody (diluted
1:100 in TBST) overnight at 4 ‘C. After that, the mem-
brane was washed three times for 5 min each and probed
with a horseradish peroxidase-conjugated anti-rabbit IgG
antibody (diluted 1:10000 in TBST). Protein was detected
using an enhanced chemiluminescence (ECL) detection
kit (Beyotime Institute of Biotechnology), and bands
were visualized by exposure to photographic film. Densi-
tometric analysis of protein bands was performed using
Quantity One v4.4.0.36 analyzer software (BIO-RAD).

Statistical analysis

Statistical analysis was performed using SPSS software
11.5 for windows. All results are expressed as mean £
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Figure 1 Treatment with hydroxynaphthoquinone mixture ameliorates
body weight loss of 2,4,6-trinitrobenzene sulfonic acid-induced rats. Coli-
tis was induced by intracolonic administration of TNBS (80 mg/kg, dissolved in
50% ethanol). Rats were treated daily for 7 d with HM (2.5, 5, 10 mg/kg) and
mesalazine 100 mg/kg 24 h after TNBS instillation. Disease progression was
monitored by observation of clinical signs and body weight change. Data are
represented as mean + SD of 8 animals of each group. °P < 0.01 vs TNBS
alone. HM: Hydroxynaphthoquinone mixture; TNBS: 2,4,6-trinitrobenzene sul-
fonic acid.

SD. Comparisons between groups of nonparametric data
were made with the Kruskal-Wallis test followed by the
Mann-Whitney U test. For evaluation of the body weight
and TNF-q, level, one-way ANOVA followed by Tukey’s
post hoc test was used. P < 0.05 was considered significant.

RESULTS

HM improves clinical symptoms in rats with TNBS-
induced colitis

After intracolonic instillation of TNBS, animals devel-
oped colitis associated with soft stool and diarrhea. All
TNBS-treated rats had profound weight loss compared
with the weight gain seen in controls (all P < 0.01). Rats
treated with HM and mesalazine gradually recovered the
lost body weight beginning on day 3, accompanied by im-
proving symptoms (Figure 1).

HM reduces colonic macroscopic damage in rats with
TNBS-induced colitis

Control animals showed no colonic damage and the co-
lonic damage score was zero. Rats in the TNBS group
displayed hyperemia, thickening of the bowel, necrosis,
inflammation, and a large area of ulceration. Moreover,
moderate to severe adhesion of the colon to the sut-
rounding organs was also observed. The macroscopic co-
lon damage score was significantly increased. The severity
of colonic destruction was markedly ameliorated after
oral administration of HM and mesalazine, with reduced
area of inflammation and ulcer (Figure 2).
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Figure 2 Hydroxynaphthoquinone mixture reduces colonic macroscopic
damage in rats with 2,4,6-trinitrobenzene sulfonic acid-induced colitis. A:
Intestinal macroscopic changes; B: Macroscopic pathological scores. Colitis
was induced by intracolonic administration of TNBS (80 mg/kg, dissolved in
50% ethanol). Rats were treated daily for 7 d with HM (2.5, 5, 10 mg/kg) and
mesalazine 100 mg/kg 24 h after TNBS instillation. 1: Control; 2: Rat treated
with TNBS alone; 3: Rat treated with TNBS and mesalazine; 4-6: Rats treated
with TNBS and HM (2.5, 5, 10 mg/kg). Data are represented as mean + SD of
8 animals of each group. P < 0.01 vs control; °P < 0.05 vs TNBS alone. HM:
Hydroxynaphthoquinone mixture; TNBS: 2,4,6-trinitrobenzene sulfonic acid.

HM prevents TNBS-induced histopathological change

There was no histopathological change in the colons of
control rats. Histologic evaluation of the colon of TN-
BS-treated rats showed transmural inflammation involv-
ing all layers of the bowel. The inflammatory process
was associated with patchy ulceration, epithelial cell loss,
pronounced depletion of goblet cells, distortion of the
tubular glands, numerous inflammatory cell infiltrations,
and dilated crypts. When rats were administered with
HM, these histologic signs were much improved, with
significant reduction of inflammatory infiltration and ul-
cer size. The transmural involvement of the lesions was
reduced, and the goblet cell depletion was less severe

(Figure 3).

HM reduces MPO activity in rats with TNBS-induced
colitis

Myeloperoxidase in the intestine is a well-known enzyme
that is directly correlated with the degree of neutrophil
infiltration™. As shown in Figure 4A, MPO activity was
markedly increased in colonic tissue following TNBS
instillation compared to controls (P < 0.01, 2.29 * 0.78
U/g vs0.65 £ 0.11 U/g dssue). After treatment with HM,
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Figure 3 Hydroxynaphthoquinone mixture prevents 2,4,6-trinitrobenzene sulfonic acid-induced histopathological changes. A: Intestinal histopathological
features; B: Pathological scores of representative colonic samples of each group. Colitis was induced by intracolonic administration of TNBS (80 mg/kg, dissolved in
50% ethanol). Rats were treated daily for 7 d with HM (2.5, 5, 10 mg/kg) and mesalazine 100 mg/kg 24 h after TNBS instillation. Histopathological analysis was per-
formed in HE-stained sections of colons. 1: Control; 2: Rat treated with TNBS alone; 3: Rat treated with TNBS and mesalazine; 4-6: Rats treated with TNBS and HM (2.5,
5,10 mglkg). Data are represented as mean + SD of 5 animals of each group. °P < 0.01 vs control; °P < 0.05, °P < 0.01 vs TNBS alone. HM: Hydroxynaphthogquinone
mixture (original magnification, x 100); TNBS: 2,4,6-trinitrobenzene sulfonic acid.
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Figure 4 Hydroxynaphthoquinone mixture decreases myeloperoxidase activity (A) and serum tumor necrosis factor-o level (B) in rats with 2,4,6-trinitro-
benzene sulfonic acid-induced colitis. Colitis was induced by intracolonic administration of TNBS (80 mg/kg, dissolved in 50% ethanol). Rats were treated daily
for 7 d with HM (2.5, 5, 10 mg/kg) and mesalazine 100 mg/kg 24 h after TNBS instillation. TNF-o. level was determined by ELISA. Data are represented as mean +
SD of 8 animals of each group. "P < 0.01 vs control; °P < 0.05, °P < 0.01 vs TNBS alone. HM: Hydroxynaphthoguinone mixture; TNBS: 2,4,6-trinitrobenzene sulfonic

acid; MPO: Myeloperoxidase; TNF-a.: Tumor necrosis factor-c..

MPO activity were reduced to be 1.49 + 0.66, 1.02 + 0.24
and 0.86 £ 0.13 U/g tissue for HM 2.5, 5 and 10 mg/kg,
respectively. The effect was significant at doses of 5 and
10 mg/kg. This indicated that treatment with HM attenu-
ated the degree of inflammation response. The similar
efficacy for mesalazine was also observed.

HM decreases serum TNF-c. level in rats with TNBS-
induced colitis

As depicted in Figure 4B, serum TNF-q level was obvi-
ously higher in TNBS-treated rats compared with that in
controls. In contrast, pretreatment with HM and mesala-
zine prevented the increase in TNF-o level. The mean
serum TNF-q levels were determined to be 71.90 £ 6.33
ng/L for the control group, 109.05 + 14.30 ng/L for
the TNBS group, 76.16 £ 4.64 ng/L for the mesalazine
group, 93.00 £ 15.24 ng/L for the HM 2.5 mg/kg group,
86.96 £ 15.26 ng/L for the HM 5 mg/kg group and
78.72 £ 13.94 ng/L for the HM 10 mg/kg group.

HM attenuates immunostaining for TNF-c. in rats with
TNBS-induced colitis

Representative samples of each group were immunohis-
tochemically stained for the expression of TNF-q. As
shown in Figure 5A1, colonic section obtained from the
control group showed negative staining. TNBS-treated
rats showed strongly positive staining for TNF-o. Posi-
tively stained cells appeared in the mucosal and submu-
cosal inflammatory cells (Figure 5A2 and B). Administra-
tion of HM attenuated the degree of TNF-q staining
in the colon tissue. Significantly less positive cells were
observed in tissues from HM 5 mg/kg- and 10 mg/kg-
treated rats than in those from TNBS-treated rats (Figure
5A4, A5 and Figure 5B).

HM decreases TNF-c. expression in colonic tissue of
rats with TNBS-induced colitis
As shown in Figure 6, higher TNF-o expression was ob-
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served after TNBS instillation as compared with controls.
HM treatment reduced the expression of TNF-q in a
dose-dependent manner.

DISCUSSION

Many plant-derived extracts or chemicals have phar-
macological effects and clinical benefits, which provide
a great potential in improving the symptoms of IBD.
The published literature has revealed that several natu-
ral products exhibit encouraging anti-IBD activity by
inhibition of cytokine production, such as flavonoids or
polyphenolic compounds[w]. TNBS-induced colitis is a
Thl cell-mediated inflammatory disease, associated with
excessive secretion of cytokines as a consequence of
exaggerated macrophage and neutrophil infiltration and
activation, giving rise to transmurally inflamed intestinal
mucosa, which displays clinical, biochemical, and patho-
logical similarities to human CD. It is a commonly used
experimental model system to test potential therapeutic
agents”. Thus, the present study was performed to in-
vestigate the potential effect of HM on CD using TNBS-
induced colitis.

The results obtained from the study demonstrate for
the first time the efficacy of HM in intestinal inflamma-
tion, confirming the hypothesis mentioned in the intro-
duction section that hydroxynaphthoquinones possess
the ability to attenuate symptoms of IBD. Administration
of HM at the onset of the disease ameliorated the clinical
severity of the wasting disease, abrogating body weight
loss, diarrhea, inflammation and the area of ulceration.
This beneficial effect was further evidenced by histologi-
cal evaluation, with a marked reduction in the extent
and severity of inflamed tissue damage and infiltration
of inflammatory cells. The beneficial effect was also es-
tablished by a decrease in MPO activity. As mentioned
above, MPO is a marker of neutrophil infiltration. It has
been reported that MPO activity is increased in several
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Figure 5 Immunostaining for tumor necrosis factor-o.. A: Inmunostaining sections; B: Integrated optical density (A) values of representative colonic samples of
each group. Colitis was induced by intracolonic administration of TNBS (80 mg/kg, dissolved in 50% ethanol). Rats were treated daily for 7 d with HM (2.5, 5, 10 mg/
kg) 24 h after TNBS instillation. Colons were excised and stained with anti-TNF-o. antibody. 1: Control; 2: Rat treated with TNBS alone; 3-5: Rats treated with TNBS
plus HM (2.5, 5, 10 mg/kg). Data are represented as mean + SD of 4 animals of each group. °P < 0.05 vs control; P < 0.01 vs TNBS alone. HM: Hydroxynaphthoqui-
none mixture (original magnification, x 400); TNBS: 2,4,6-trinitrobenzene sulfonic acid; TNF-o.: Tumor necrosis factor-o..
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Figure 6 Hydroxynaphthoquinone mixture decreases tumor necrosis
factor-a. expression in colonic tissue of rats with 2,4,6-trinitrobenzene sul-
fonic acid-induced colitis. A: Tumor necrosis factor (TNF)-o protein bands;
B: Integrated optical density (A) values of protein bands. Colitis was induced
by intracolonic administration of TNBS (80 mg/kg, dissolved in 50% ethanol).
Rats were treated daily for 7 d with HM (2.5, 5, 10 mg/kg) 24 h after TNBS
instillation. Protein extracts were obtained from colons and TNF-o. expression
level was detected by Western blotting analysis. Lane 1: Controls; lane 2: Rats
treated with TNBS alone; lane 3-5: Rats treated with TNBS plus HM (2.5, 5, 10
mg/kg). Data are represented as mean * SD of 4 animals of each group. *P <
0.05 vs control; °P < 0.05 vs TNBS alone. HM: Hydroxynaphthoquinone mix-
ture; TNBS: 2,4,6-trinitrobenzene sulfonic acid.

experimental colitis models, including TNBS-induced
colitis"™, and it is widely used to quantify intestinal in-
flammation and assess the degree of inflammation. Thus,
a reduction of MPO activity can be interpreted as a
manifestation of the anti-inflammatory effect of a given
compound"®*"*, Inhibition of MPO activity by HM
was consistent with the results observed in the histologi-
cal examination, in which the level of inflammatory cell
infiltration in colonic tissues was lower in HM-treated
animals than in TNBS-treated rats.

Mesalazine was used as a reference in this study. Sever-
al reports suggest that mesalazine acts locally in the colon.
After intragastric administration of mesalazine, it is ab-
sorbed from intestinal lumen and concentrates in the mu-
cosa. The effectiveness of the drug directly depends on
its mucosal concentration”™". In the present experiment,
oral administration with mesalazine 100 mg/kg resulted in
a significant improvement in intestinal lesions, which was
consistent with previous ﬁndingsm’zﬂ. The effect of HM
10 mg/kg was comparable to that of mesalazine.

The anti-inflammatory effect and protection against
tissue injury exerted by HM was further confirmed by the
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down-regulation of TNF-q in serum and colonic tissue.
TNF-q, is an important inflammatory mediator and plays
a key role in the colonic damage. Among the various
cytokines involved in the pathogenesis of TNBS colitis,
TNF-a appears to be a key regulator since it has been
reported that TNBS-induced colitis could not be induced
in TNF-a-deficient mice and is far more severe in mice
that over-express this inflammatory cytokine™. Differ-
ent agents interfering with TNF-o signaling have been
successful in the treatment of subsets of CD patients,
and display favourable therapeutical effect, particularly
TNF-g, blockers”. Moreover, the majority of previous
preclinical studies and current therapeutic approaches” >
have confirmed the idea that therapy that can address an
essential element of a final common pathologic pathway
participating in IBD could potentially treat this disease"™”.
Therefore, we assessed the impact of HM on TNF-a
signaling and explored the underlying mechanism. The
results obtained from the present study showed that HM
significantly lowered TNF-a level in serum and reduced
TNF-o expression in colonic tissue. This indicates that
the preventive effect of HM against TNBS-induced co-
lonic injury is directly or indirectly related to its TNF-q
inhibition. However, given that many other signaling
pathways and transcription factors are involved in the
regulation of TNF-q activity, additional research is need-
ed to examine the exact mechanisms of action of HM.

In summary, the present study demonstrates that treat-
ment with HM attenuates the clinical symptoms of
TNBS-induced colitis, resulting in significant histological
improvement, reduced MPO activity and TNF-q level in
serum, and down-regulation of TNF-q, expression in co-
lonic tissue. The undetlying mechanism of action of HM
may be associated with TNF-q inhibition. These results
provide supporting evidence for the clinical application of
HM.

COMMENTS

Background

The incidence and prevalence of inflammatory bowel disease (IBD) are increas-
ing at a disturbing rate worldwide, and now it has become a global disease.
Current therapies for IBD are limited by lack of effectiveness, drug refractori-
ness or severe adverse effects. Therefore, there is an urgent need for more
effective and safe therapeutic approaches.

Research frontiers

Looking for novel agents from herbal or natural products has been a research
focus for a long time. Many plant-derived extracts or chemicals have pharma-
cological effects and clinical benefits. The published literature has revealed
that several natural products exhibit encouraging anti-IBD activity by inhibition
of cytokine production, such as flavonoids or polyphenolic compounds. Hy-
droxynaphthoquinones have been identified as the main active ingredients of
Zicao, a traditional Chinese herbal medicine, and possess potent anti-inflamma-
tory, wound healing and antibacterial activities. Yet no studies have evaluated
the therapeutical effect of hydroxynaphthoquinones on treating inflammatory
intestinal diseases so far. In this study, the authors isolate a hydroxynaphtho-
quinone mixture (HM) from Zicao, which mainly contains seven alkannin deriva-
tives, and demonstrate that HM showed beneficial effect on TNBS-induced
colitis.

Innovations and breakthroughs
This is the first study to report that hydroxynaphthoquinones exert therapeutical
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effect on mucosal inflammation by modulating tumor necrosis factor-a, and the
effect of hydroxynaphthoquinones is comparable to that of mesalazine, a classi-
cal anti-IBD drug.

Applications

Elucidation of the effect and mechanism of action of hydroxynaphthoquinone
mixture (HM) in the treatment of inflammatory intestinal disease provides phar-
macological evidence for its further development as a candidate for treating
IBD, and for its clinical application.

Peer review

This study describes the beneficial effects of HM from Arnebia euchroma in an
experimental model of colitis in rats. It revealed that HM significantly attenuated
the severity of mucosal lesions. The authors have made a complex and inter-
esting study.
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