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Abstract

AIM

To investigate the therapeutic effect of Jianpi
Qingchang decoction (JPQCD) on dextran sulfate
sodium (DSS)-induced ulcerative colitis (UC) in mice.

METHODS

C57BL/c mice were injected intragastrically with 5%
DSS instead of drinking water for 7 d, and their body
weight, diarrhea severity and fecal bleeding were
monitored, while the mice in the control group were
treated with standard drinking water, without DSS.
After 7 d, the DSS drinking water was changed to
normal water and the DSS group continued with DSS
water. The control and DSS groups were given normal
saline by intragastric injection. The 5-aminosalicylic
acid (5-ASA) group was treated orally with 5-ASA at a
dose of 100 mg/kg daily. The JPQCD group was treated
orally with JPQCD at a dose of 17.1 g/kg daily. On
day 14, the colon length was measured, the colorectal
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histopathological damage score was assessed, and
protein levels of interleukin (IL)-1B, IL-8 and tumor
necrosis factor-alpha (TNF-a) in colon supernatants
were measured by enzyme-linked immunosorbent
assay. mRNA expression of IL-1B, IL-8, TNF-a and
nuclear factor-kappa B (NF-xB) was detected by real-
time quantitative polymerase chain reaction. Western
blotting was used to detect the protein expression of
NF-xB and inhibitor of kappa B.

RESULTS

Acute inflammation occurred in the mice administered
DSS, including the symptoms of losing body weight,
loose feces/watery diarrhea and presence of fecal
blood; all these symptoms worsened at 7 d. The
colons of mice treated with DSS were assessed by
histological examination, and the results confirmed
that acute inflammation had occurred, as evidenced
by loss of colonic mucosa and chronic inflammatory
cell infiltration, and these features extended into the
deeper layer of the colon walls. The expression levels
of IL-1B, IL-8 and TNF-a in the DSS group were higher
than those in the control group (P < 0.05), and the
expression levels of IL-1B, IL-8 and TNF-a in the
JPQCD and 5-ASA groups were lower than those in
the DSS group after treating with JPQCD and 5-ASA.
Comparing with the DSS group, the mRNA level of IL-
1B, IL-8, TNF-a and NF-xB was significantly reduced by
5-ASA and JPQCD. The difference between JPQCD and
5-ASA groups was not statistically significant (2 > 0.05).
Comparing with the DSS group, due to using JPQCD
and 5-ASA, significant suppression of activation in DSS-
induced NF-«xB and increased phosphorylation of IxB in
mice with experimental colitis occurred (P < 0.05). The
difference between the JPQCD group and the 5-ASA
group was not statistically significant (P > 0.05).

CONCLUSION

Activation of the NF-xB signaling pathway is inhibited
by JPQCD, which shows the potential mechanism by
which JPQCD treats UC.

Key words: Jianpi Qingchang decoction; Dextran
sodium sulfate; Ulcerative colitis; Nuclear factor-«B;
Inflammation

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Nuclear factor-kappa B (NF-«B) is a major
transcription factor inducing the expression of
inflammatory mediators, which plays a crucial role in
the transcription in diverse immune responses, and its
signaling has been confirmed to be a major pathway
for ulcerative colitis. It is demonstrated in the current
study that Jianpi Qingchang decoction (JPQCD), which
can decrease levels of proinflammatory cytokines, plays
a role in inhibiting nuclear translocation of NF-xB and
phosphorylation of inhibitor of kappa B, thus indicating
that JPQCD can suppress the activation of NF-«xB
signaling pathway.
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INTRODUCTION

Ulcerative colitis (UC) is a chronic gastrointestinal
disorder characterized by inflammation and mucosal
damage in colon, the pathophysiology of which
is multifactorial, with environmental, genetic and
immunological factors being involved™, Chronic colonic
inflammation in patients with UC may be attributed
to activation of the immune system through intestinal
flora. The main clinical manifestations of UC include
recurrent abdominal pain and diarrhea, as well as
mucous, bloody or purulent stools®. Currently, disease
severity is an important factor in selecting treatment
strategies, most of which concentrate on alleviation of
disease symptoms, rather than disease treatment. In
addition, a large number of ways for treating UC may
result in systemic immunosuppression, thus leading
to limited long-term application and an urgent need
to develop a novel therapeutic. At present, many
researchers are interested in traditional Chinese
medicine (TCM), such as herbal therapy, because these
complementary and alternative agents have few side
effects in treating various diseases, including UCP®,
Multiple cellular signal transduction pathways highly
regulate inflammatory responses, including the nuclear
factor-kappa B (NF-«xB) pathway, a nuclear factor that
can be activated by a variety of pathogens.

NF-«B, a major transcription factor, which induces
expression of a large array of inflammatory mediators,
is crucial in transcription related to diverse immune
responses, and the NF-xB signaling pathway is
regarded as a major pathway for UCY!. Abnormal
expression of NF-«xB leads to release of proinflammatory
cytokines, for instance, interleukin (IL)-1p, IL-8, tumor
necrosis factor-alpha (TNF-a) and adhesion molecules.

Jianpi Qingchang decoction (JPQCD) is a TCM
prescription that consists of nine Chinese herbs,
namely, Astragalus, Codonopsis pilosula, Portulaca
oleracea, Sanguisorba officinalis, Notoginseng, Bletilla
striata, Radix Aucklandiae, and Licorice. JPQCD can
clear away heat and dampness, and strengthen the
spleen to produce vitality, thanks to effects of these
components. In the TCM system, pathogenesis of UC is
formed in the case of accumulation of toxic dampness
and heat, therefore the basic principle for JPQCD to
treat inflammatory diseases is to clear away heat and
eliminate dampness. In China, JPQCD has long been
applied in the treatment of UC in clinic; however, its
precise mechanism of action of anti-inflammatory
activities remains unknown. In this study, C57BL mice
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Table 1 List of primers used in this study

Gene Primer sequence Primer length (bp)
IL-13 Forward 5-TAGACAACTGCACTACAGGCTCCGA-3’ 25
Reverse 5-GGGTCCGACAGCACGAGGCT-3" 20
IL-8 Forward 5-ATGCTGGTGACAACCACGGCC-3’ 21
Reverse 5-CCTCTGTGAAGTCTCCTCTCCGGAC-3’ 25
TNF-a Forward 5-TGGTGACCAGGCTGTCGCTACA-3’ 22
Reverse 5-TACAGTCACGGCTCCCGTGGG-3’ 21
NF-«xB Forward 5-GTGGAGGCATGTTCGGTAGTG-3’ 21
Reverse 5-TCTTGGCACAATCTTTAGGGC-3’ 21
Actin Forward 5-GTGCCGCCTGGAGAAACC-3 18
Reverse 5-GGTGGAAGAGTGGGAGTTGC-3 20

with dextran sodium sulfate (DSS)-induced UC were
used as models of human intestinal epithelium, so as
to evaluate the anti-inflammatory effects of JPQCD
and to investigate its molecular mechanism.

MATERIALS AND METHODS

Mice

C57BL/6 male mice weighing 18-22 g were purchased
from the Laboratory Animal Center of Shanghai
University of Traditional Chinese Medicine, and
they were raised under the following conditions: a
standard cycle of 12-h light/12-h dark, with the room
temperature at 24 £ 2 °C and the relative humidity
at 50% to 60%. Forty mice were randomly divided
into four groups after 1 wk of acclimation, which
were control group, DSS group, JPQCD group and
5-aminosalicylic acid (5-ASA) group, with 10 mice in
each group.

DSS-induced colitis

After acclimation, mice were fed with 5% (w/v) DSS
(MW 36000-50000; MP Biomedicals, Santa Ana, CA,
United States)™ dissolved in sterile distilled water ad
libitum for 7 d to induce acute UC. When DSS-induced
acute UC models were successfully established 7 d
later, the DSS drinking water was replaced by normal
water but the DSS group continued to be fed with DSS
drinking water. Control and DSS groups were given 0.3
mL normal saline by intragastric administration. The
5-ASA group was offered oral administration of 5-ASA
at a dose of 100 mg/kg daily. The JPQCD group was
treated orally with JPQCD at a dose of 17.1 g/kg daily.
Body weights were monitored daily, and daily weight
changes were calculated as the percentage of initial
weights.

Parameters shown below were adopted to calculate
the disease activity index (DAI) in combination with a
scale involving the grading from 0-4: weight loss (O:
normal; 1: 0%-5%; 2: 5%-10%; 3: 10%-15%; and
4: > 15%); stool consistency (0: normal; 2: loose
stools; and 4: watery diarrhea); and fecal occult blood
(0: negative; 2: positive; and 4: gross bleeding)®".
Mice were sacrificed under anesthesia 14 d later.
Colons were removed, cut open longitudinally along
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the main axis, and washed with phosphate-buffered
saline (pH 7.4). After gross examination, colons were
fixed in 10% neutral-buffered formalin for histological
examination, and the remaining colons were used for
enzyme-linked immunosorbent assay (ELISA), mRNA
and western blot analyses.

ELISA

Protein expressions of IL-1, IL-8 and TNF-a (BioLegend,
San Diego, CA, United States) in supernatants from the
colon were measured by commercially available ELISA
kits.

Histological analysis

Paraffin-embedded samples were cut into 5-um
sections and examined under light microscope after
being stained with hematoxylin and eosin (HE).
Samples were analyzed and scored as described
previously!*?,

RNA isolation and quantitative PCR

The tissue samples were frozen and dissociated
mechanically in RNA buffer, and total RNA was
extracted using RNAprep Pure Tissue Kit (Tiangen,
Shanghai, China). Real-time (RT)-PCR was carried out
with the help of an Eppendorf PCR system; meanwhile,
QuantiFast SYBR Green PCR Master Mix (TOYOBO,
Osaka, Japan), 1 mmol/L primers (Table 1), and 1
pL cDNA in 20 pulL reaction mixture were also used.
Activation was performed for 30 s at 95 'C to initiate
the thermal cycling, followed by 40 cycles of 10 min at
95°C, 15 s at 95°C and 1 min at 60 C. Immediately
after amplification, melt curve protocol was utilized to
guarantee minimization in primer dimers and other
non-specific products. Expression of target genes was
analyzed by the **Ct method.

Protein extraction and Western blot analysis

Western blot analysis described in previous studies
was used™®. Colonic tissue was cut into pieces
and homogenized in 5-fold volumes of ice-cold
homogenizing buffer (0.1 mmol/L NaCl, 0.1 mol/L
Tris-HCI, and 0.001 mol/L EDTA) containing 1 mmol/L
phenylmethylsulfonyl fluoride, 1 mg/mL aprotinin,
and 0.1 mmol/L leupeptin at 3000 g and 4 C for 1
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Figure 1 Jianpi Qingchang decoction alleviated dextran sodium sulfate-induced experimental colitis. A: Body weight changes after induction of colitis by
dextran sodium sulfate (DSS); B: Disease activity index; C: Macroscopic appearance; and D: Length of colon. Data are presented as mean + SEM of 10 mice in each
group. P < 0.01 vs control group; °P < 0.05 vs DSS group; °P > 0.05 vs 5-aminosalicylic acid (5-ASA) group. JPQCD: Jianpi Qingchang decoction.

h. Bovine serum albumin was used to estimate the
protein content in supernatants. The protein samples
(40 pg in each sample) were subjected to SDS-PAGE
and transferred to polyvinylidene fluoride membranes
using a transfer apparatus (Bio-Rad, Hercules, CA,
United States). The membranes were blocked for 1
h before NF-kB and inhibitor of kappa B (IxB) (Cell
Signaling Technology, Danvers, MA, United States)
were adopted as the primary antibodies to incubate
under the proper dilution at 4 'C overnight, and the
corresponding horseradish-peroxidase-conjugated
secondary antibody (Cell Signaling Technology) was
used to incubate for another 1 h. Protein-antibody
complexes were detected by Clarity Western ECL
Substrate (Bio-Rad), and results were qualified with
the Imagel] software (Gene Company Limited, China).

Statistical analysis

Research results were analyzed by SPSS 21.0 (SPSS,
Chicago, IL, United States); analyses were performed
by adopting statistical methods, such as student’s
t-test and one-way analysis of variance (ANOVA),
and histograms were generated by GraphPad Prism
5.0 (GraphPad Software Inc., San Diego, CA, United
States). Difference with the P value < 0.05 was
deemed as statistically significant.

JBaishideng® W]G I WWW.ngnet.COm

RESULTS

General observations

Compared with the control group, the characteristic
weight loss in mice with DSS-induced acute colitis
developed on day 3 (Figure 1A), and significant dif-
ferences (P < 0.05) could be seen from day 4. However,
administration of JPQCD and 5-ASA resulted in increased
body weights, with significant difference (P < 0.05)
being seen on day 9. Results in previous studies had
indicated that length of colon was negatively correlated
with severity of experimental colitis™***. Observation
results in the DSS-treated mice showed that colon was
significantly shortened, and the suppressed results
derived from treatment with JPQCD and 5-ASA (Figure
1B-D).

JPQCD inhibits DSS-induced inflammatory response in

acute colitis mice

Secretion of IL-1p, IL-8 and TNF-oa was measured
to evaluate effects of JPQCD on DSS-induced
experimental mice with acute colitis. Cytokines were
released, which was regarded as an indicator of
inflammatory response. JPQCD and 5-ASA groups
were administered gavage once daily for 1 wk, and
levels of IL-1pB, IL-8 and TNF-a in supernatants from
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Figure 2 Jianpi Qingchang decoction reduced proinflammatory mediator production in mice with dextran sodium sulfate-induced colitis. IL-1p (A), IL-8 (B)
and TNF-a. (C) in colon were determined by ELISA. Data are presented as mean + SEM. P < 0.01 vs control group; °P < 0.05 vs dextran sodium sulfate (DSS) group;
°P > 0.05 vs 5-aminosalicylic acid (5-ASA) group. JPQCD: Jianpi Qingchang decoction.

colonic tissue were assessed by ELISA, the results of
which indicated that JPQCD and 5-ASA significantly
decreased the release of IL-1B, IL-8 and TNF-a in mice
with experimental colitis (Figure 2).

JPQCD decreases microscopic colon damage in
experimental colitis

Histological and morphological characteristics of colon
were assessed after HE staining, and representative
results as well as the microscopic scores are shown in
Figure 3A and B. Colons in the control group presented
with normal crypt morphology, abundant goblet cells,
no signs of mucosal thickening, and complete absence
of ulceration. However, severe epithelial damage
occurred in mice with induced colitis, giving rise to
a higher score for microscopic damage (Figure 2A).
On the contrary, scores for microscopic damage were
lower in mice treated with JPQCD and 5-ASA than
those in mice treated with DSS.

JPQCD reduces mRNA levels of IL-13, IL-8, TNF-«: and
NF-«B

Expression levels of IL-1pB, IL-8, TNF-a and NF-xB in
control and experimental mice were measured by RT-
PCR (Figure 4). Expression of IL-18, IL-8, TNF-o. and
NF-xB was elevated during UC"®, as had been shown
in numerous studies. Compared with control mice,
increased expression of IL-1B, IL-8, TNF-a and NF-xB
could be detected in experimental mice in this study,
which was consistent with previous findings. However,
oral administration of JPQCD and 5-ASA contributed
to reducing expression levels of IL-1B, IL-8, TNF-a and
NF-xB (P < 0.05).

JPQCD suppresses NF-«B activation in experimental
colitis

As one of the core transcription factors in inflammation,
activation of the NF-kB pathway involved several key
processes, such as phosphorylation, IxB depredating
and nuclear translocation of NF-«xB. Effects of JPQCD
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on DSS-induced activation of NF-kB pathway in mice
with experimental colitis were studied, with an aim to
examine the mechanism of anti-inflammatory activity.
Mice in the JPQCD group were pretreated with JPQCD
once daily for 1 wk, and IxB was detected by western
blot. Expression of IkB was significantly increased
after treatment with JPQCD, and such increase was
markedly alleviated by JPQCD (Figure 5).

DISCUSSION

UC, a major form of inflammatory bowel disease
(IBD), results from chronic intestinal inflammatory
response!’’*® the exact cause of which remains
undiscovered, thus giving rise to ineffective treatment
results. Additionally, a majority of treatments applied
at present are associated with occurrence of systemic
immunosuppression. As a consequence, there is in an
urgent need to develop new medicines targeting UC.
Natural products with few side effects!®), such as in
TCM, have been studied and applied in treating various
diseases and for replacing some remedies. It has been
revealed in previous studies that the NF-xB pathway
regulates UC in a close way, so it may be an efficient
strategy for treating UC. JPQCD, a TCM prescription,
has been applied in treating UC in clinic for many
years; nevertheless, its anti-inflammatory properties
remain unknown. In the current study, effects of
JPQCD and its molecular mechanism were evaluated in
C57BL mice with DSS-induced UC, which were treated
as experimental models of colitis!**?%,

It was successfully demonstrated in this study
that clinical features of UC reoccur in models of acute
colitis. Typical features of UC, such as diarrhea, bloody
feces, and weight loss occur on d 3 and are markedly
expressed by day 7. Results in mice could also be
seen in human, suggesting that weight loss and colon
shortening, the stable markers of colitis, are correlated
with histopathological changes.

It is noted in our research that body weight and
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Figure 3 Jianpi Qingchang decoction treatment protected mice against dextran sodium sulfate-induced colon damage. A: Colon tissues were stained with
HE; B: Histopathological scores were analyzed from slides. Data are presented as mean + SEM. °P < 0.01 vs control group; °P < 0.05 vs dextran sodium sulfate (DSS)
group; °P > 0.05 vs 5-aminosalicylic acid (5-ASA) group. JPQCD: Jianpi Qingchang decoction.

colon length are outstandingly increased, while DAI is
reduced after treating with JPQCD and 5-ASA for 7 d.
Day 9 (2 d after completing the treatment) witnesses
the beginning of inflammation reduction, which is
consistent with results of research indicating that it
takes a long time for the human body to respond
to treatment. As an important nuclear transcription
factor, NF-xB controls several important physiological
processes, as well as immune and inflammatory
responses. IkB kinase will phosphorylate IkB protein
in the presence of pathologically stimulated cells.
IxB proteins promote ubiquitination and degradation
as a result of its phosphorylation, which leads to
subsequent release of sequestered NF-«B, and further
renders nuclear translocation, thus inducing expression
of a variety of proinflammatory cytokines”>*,
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In the intestine, proinflammatory cytokines are
produced, which play vital roles in pathogenesis of IBD.
Hence, it is considered that release of proinflammatory
cytokines is an indicator of inflammatory response’®®’.
TNF-a is crucial in recruiting immune cells at the sites
of damaged tissues and in the pathogenesis of IBD. As
a result, anti-TNF-a antibodies, including infliximab, are
applied in treating UC and skin rash, extra-intestinal
manifestations. However, it is indicated in the current
study that anti-TNF antibodies, effective medicine in
treating psoriasis, can result in psoriasiform skin lesion
in IBD patients™*®, Furthermore, elevated levels of
cytokines in UC, such as IL-8, IL-17 and IL-21 are
reported™>",

It is observed that JPQCD has a remarkable effect
on reducing DSS-induced secretion of proinflammatory
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Figure 4 Jianpi Qingchang decoction reduced mRNA levels in mice with dextran sodium sulfate-induced colitis. IL-1 (A), IL-8 (B), TNF-o (C) and NF-xB (D)
in colon were determined by RT-PCR. Data are presented as mean + SEM. °P < 0.01 vs control group; °P < 0.05 vs dextran sodium sulfate (DSS)-group; °P > 0.05 vs

5-aminosalicylic acid (5-ASA) group. JPQCD: Jianpi Qingchang decoction.
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Figure 5 Effects of Jianpi Qingchang decoction on dextran sodium sulfate-induced NF-xB nuclear translocation in mice with experimental colitis. Jianpi
Qingchang decoction (JPQCD) and 5-aminosalicylic acid (5-ASA) suppressed expression of NF-«B while increased that of |B, as was indicated in western blot. B-actin
was used as the internal control. Images are representative of three independent experiments. The dextran sodium sulfate (DSS) group had increased expression of
NF-«B, which was reduced by subsequent administration of JPQCD and 5-ASA. Data are presented as mean + SEM. °P < 0.01 vs control group; °P < 0.05 vs DSS

group; °P > 0.05 vs 5-ASA group.

cytokines in mice with colitis, so as to inhibit inflam-
matory responses in intestinal epithelial cells. It can
be seen from our findings that mRNA levels of IL-
1B, IL-8, TNF-a. and NF-xB in mice with DSS-induced
colitis are increased, while those are decreased in the
presence of oral administration of JPQCD and 5-ASA,
suggesting that JPQCD and 5-ASA have similar effects,
but there is no significant difference between them.
Consequently, JPQCD contributes to decreasing levels
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1186

of proinflammatory cytokines.

Furthermore, NF-«B is considered to be an impor-
tant factor to activate IBD in human and colitis in
animals®*, Actually, antisense oligonucleotides can
inhibit disease activity in mice with colitis, indicating
that NF-xB plays a key role in mediating inflammatory
response™*l. Results in our current study reveal that
compared with mice in the control group, expression
of NF-«xB is increased, while that of IxB is decreased.
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In the acute colitis model®!, mucosal inflammation

can be controlled by using an agent to block the NF-
kB pathway, which marks a successful attempt. Similar
experimental results can also be obtained, which are
that JPQCD treatment can inhibit phosphorylation of
IxB and nuclear translocation of NF-kB, demonstrating
that JPQCD inhibits the NF-xB signal pathway. In
summary, results in our study show that JPQCD is
promising in treating UC.
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Background

Multiple cellular signal transduction pathways, including the nuclear factor-
kappa B (NF-«kB) pathway, regulate the inflammatory response. A variety of
pathogens can activate the NF-xB pathway, while the treatment is not effective
in the long term. Currently, disease severity is an important factor when
considering treatment strategies, and the attenuation of illness symptoms,
rather than the treatment of illness is the focus in most of the strategies. As a
result, development of a new treatment agent is urgently needed. Now, many
researchers are interested in traditional Chinese medicine (TCM), such as
herbal therapy, because these complementary and alternative agents have few
side effects in treating various illnesses, including ulcerative colitis (UC).

Research frontiers
The NF-kB signaling pathway plays a pivotal role in experimental UC in mice.
This pathway is currently a hot topic in UC studies.

Innovations and breakthroughs

NF-xB is thought to be vital in the activation and progression of inflammatory
bowel disease in humans and colitis in animals. Abnormal expression of NF-
kB leads to release of proinflammatory cytokines, adhesion molecules and
growth factors, and overexpression of cell proliferation-related genes and
survival-related genes. The present study demonstrated that Jianpi Qingchang
decoction (JPQCD) can decrease the levels of proinflammatory cytokines, and
inhibit phosphorylation of inhibitor of kappa B and nuclear translocation of NF-
«B in experimental colitis, which indicates that JPQCD suppresses activation of
the NF-«B signaling pathway.

Applications

The present study provides evidence that JPQCD, a TCM decoction, inhibits
activation of the NF-kB signaling pathway, suggesting that the potential
mechanism by which JPQCD ameliorates dextran sulfate sodium (DSS)-induced
UC is associated with this pathway. Thus, the findings of this study indicate a
new potential mechanism by which JPQCD treats UC.

Terminology

NF-kB is a transcription factor that can induce the expression of a large array of
inflammatory mediators and plays a role as a core transcription factor in diverse
immune responses.

Peer-review

The authors demonstrated that JPQCD has potential therapeutic effect on the
treatment of UC through the inhibition of NF-kB activation. This is an important
mechanistic advancement in our understanding of the herbal product JPQCD
and its role in preventing UC. The anti-inflammatory effects of JPQCD and its
underlying molecular mechanisms have been correlated with the reduction in
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the level of pro-inflammatory cytokines (IL-1p, IL-8 and TNF-c). Using real-time
PCR, ELISA and H&E staining of the colon tissue clearly shows that JPQCD
has protective effects against DSS-induced colon damage in mice.
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