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Abstract
AIM: To investigate the effect of moxibustion on in-

testinal flora and release of interleukin-12 (IL-12) and 
tumor necrosis factor-α (TNF-α) from the colon in rat 
with ulcerative colitis (UC). 

METHODS: A rat model of UC was established by lo-
cal stimulation of the intestine with supernatant from 
colonic contents harvested from human UC patients. A 
total of 40 male Sprague-Dawley rats were randomly 
divided into the following groups: normal (sham), 
model (UC), herb-partition moxibustion (HPM-treated), 
and positive control sulfasalazine (SA-treated). Rats 
treated with HPM received HPM at acupuncture points 
ST25 and RN6, once a day for 15 min, for a total of 8 
d. Rats in the SA group were perfused with SA twice a 
day for 8 d. The colonic histopathology was observed 
by hematoxylin-eosin. The levels of intestinal flora, 
including Bifidobacterium , Lactobacillus , Escherichia 
coli  (E. coli ), and Bacteroides fragilis  (B. fragilis ), were 
tested by real-time quantitative polymerase chain re-
action to detect bacterial 16S rRNA/DNA in order to 
determine DNA copy numbers of each specific species. 
Immunohistochemical assays were used to observe the 
expression of TNF-α and IL-12 in the rat colons. 

RESULTS: HPM treatment inhibited immunopathology 
in colonic tissues of UC rats; the general morphological 
score and the immunopathological score were signifi-
cantly decreased in the HPM and SA groups compared 
with the model group [3.5 (2.0-4.0), 3.0 (1.5-3.5) vs  
6.0 (5.5-7.0), P  < 0.05 for the general morphologi-
cal score, and 3.00 (2.00-3.50), 3.00 (2.50-3.50) vs  
5.00 (4.50-5.50), P  < 0.01 for the immunopathological 
score]. As measured by DNA copy number, we found 
that Bifidobacterium and Lactobacillus , which are asso-
ciated with a healthy colon, were significantly higher in 
the HPM and SA groups than in the model group (1.395 
± 1.339, 1.461 ± 1.152 vs  0.045 ± 0.036, P  < 0.01 for 
Bifidobacterium, and 0.395 ± 0.325, 0.851 ± 0.651 vs  
0.0015 ± 0.0014, P  < 0.01 for Lactobacillus ). On the 
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other hand, E. coli  and B. fragilis , which are associ-
ated with an inflamed colon, were significantly lower 
in the HPM and SA groups than in the model group 
(0.244 ± 0.107, 0.628 ± 0.257 vs  1.691 ± 0.683, P  < 
0.01 for E. coli , and 0.351 ± 0.181, 0.416 ± 0.329 vs  
1.285 ± 1.039, P  < 0.01 for B. fragilis ). The expression 
of TNF-α and IL-12 was decreased after HPM and SA 
treatment as compared to UC model alone (4970.81 ± 
959.78, 6635.45 ± 1135.16 vs  12333.81 ± 680.79, P  
< 0.01 for TNF-α, and 5528.75 ± 1245.72, 7477.38 ± 
1259.16 vs  12550.29 ± 1973.30, P  < 0.01 for IL-12).

CONCLUSION: HPM treatment can regulate intestinal 
flora and inhibit the expression of TNF-α and IL-12 in 
the colon tissues of UC rats, indicating that HPM can 
improve colonic immune response. 

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Ulcerative colitis (UC) is a chronic inflammatory disease 
of  the gastrointestinal tract characterized by increased 
stool frequency, bleeding and abdominal pain, and ul-
ceration limited to the colon mucosa. The role of  im-
munological pathogenesis in UC has been widely recog-
nized[1,2]. In recent years, the involvement of  pathogen- 
mediated immune dysfunction has received extensive 
attention. Studies have shown that UC patients have al-
tered intestinal flora species. For example, Bifidobacterium, 
Lactobacillus and fusobacterium Escherichia coli (E. coli) de-
sulfovibrio were significantly decreased, while Bacteroides 
fragilis (B. fragilis), were significantly increased[3-6]. In hosts 
with altered intestinal flora, the immune system recog-
nizes intestinal flora and its metabolites as pathogenic 
antigens that can cause an abnormal immune response 
and stimulate bowel epithelial cells in UC patients with 
genetic susceptibility. This activity then destroys the 
structure and function of  colonic mucosa, leading to 
the ongoing pathology associated with UC[7]. Alteration 
of  the intestinal flora has been considered to be the 
initiating and continuous factor in the onset of  UC[7-10]. 
Therefore, the modulation of  intestinal flora has been 
suggested as a potential approach to treat UC. 

Previous studies have shown that herb-partition mo
xibustion (HPM) can be anti-inflammatory[11]. It can also 
improve symptoms in mild-to-moderate UC patients, 
such as relieving abdominal pain and decreasing bloody 
diarrhea[12-14]. Experiments have also demonstrated that 
HPM can down-regulate the protein and mRNA ex-
pression of  interleukin (IL)-8 and intercellular adhesion 
molecule-1 in colon tissues of  UC patients, indicating 
that HPM can inhibit chemotaxis and cell migration into 
inflamed tissues[14]. HPM can also promote neutrophil 
apoptosis and down-regulate cytokines, such as IL-1 
beta, IL-6, and tumor necrosis factor-alpha (TNF-α), 
further suggesting an anti-inflammatory role for HPM 
treatment[15]. Moreover, a recent report shows that intes-
tinal injury was decreased and TNF-α was also found to 
be decreased after HPM treatment in a Crohn’s disease 
model[16]. Taken together, these results indicate that HPM 
can regulate immune function in UC. However, whether 
HPM can also alter the intestinal flora composition is still 
unknown. 

A large number of  bacteria comprise the human in-
testinal flora, outnumbering host cells by a ratio of  10:1. 
Various types of  bacteria constitute the gut flora, includ-
ing symbiotic and pathogenic bacteria whose pathoge-
nicity is hidden from the immune system from various 
barrier and immune-mediated mechanisms. For this 
study, we observed the relative proportions of  both the 
symbiotic - and most prevalent - bacteria, such as bifido-
bacteria and lactobacilli, and the conditioned pathogenic 
flora, such as E. coli and B. fragilis, as readouts to explore 
the effects of  HPM on modulating the intestinal flora 
of  rats in a model of  UC. We also investigated whether 
HPM regulates the expression of  pro-inflammatory 
cytokines, such as TNF-α and IL-12, in colon tissues 
of  UC rats. This study would aid in understanding the 
mechanisms of  how HPM can alleviate symptoms of  
UC.

MATERIALS AND METHODS
Animals
Sprague-Dawley rats were obtained from the Department 
of  Experimental Animal Science of  Shanghai Medical 
College at Fudan University [No. SCXK(SH)2009-0019]. 
All protocols were performed in strict accordance with 
the Guidance Suggestions for the Care and Use of  Lab-
oratory Animals, formulated by the Ministry of  Science 
and Technology of  the People’s Republic of  China[17]. 
This study received permission from the Ethics Com-
mittee in Yueyang Hospital of  Integrated Traditional 
Chinese and Western Medicine, which is affiliated with 
Shanghai University of  Traditional Chinese Medicine, 
China.

Establishment of the UC rat model
Forty neonatal, male Sprague Dawley rats weighing 183 
± 10 g were randomly divided into the following experi-
mental groups: normal, model, HPM, and sulfasalazine 
(SA). The UC rat model was established according to an 
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immunological method and local stimulation[15,18-20]. In 
brief, fresh human colonic mucosa was obtained from 
surgical colonic specimens, homogenized in normal sa-
line and centrifuged for 30 min at 3000 rpm in order to 
remove cells and bacteria. The supernatant, containing 
antigens released from UC colon patients, was diluted 
into an appropriate protein concentration and mixed 
with Freund’s adjuvant (Shanghai Chemical Reagent 
Company, Shanghai, China). One mL of  the antigen plus 
adjuvant mixture, containing a total of  6 mg protein, was 
injected into the front footpad at day 0. Following this 
initial dose, the same mixture was then injected into the 
back footpad, dorsa, inguina, and abdominal cavities on 
days 10, 17, 24 and 31, respectively. On day 38, rats were 
anesthetized intraperitoneally with 2% pentobarbital so-
dium (30 mg/kg) and 3 mL enema of  3% formalin were 
administered to the rats - in order to stimulate the colon 
immune response - for 1 h following a saline wash after 
a 2 mL enema of  antigen fluid (without Freund’s adju-
vant) for 2 h following a saline wash. 

Treatment
After the UC model was established in the rats, HPM 
was performed during days 39-46 of  UC model in the 
treatment groups. Moxa cones (0.5 cm in diameter and 

0.6 cm high) (Nanyang Hanyi Moxa Co., Ltd. China) 
were placed vertically on a medicinal formula composed 
of  radix aconite, cortex, radix, carthami and salviae 
miltiorrhizae. The medicinal formula was then placed 
on acupoints ST25 (located on a horizontal line 2 cun 
laterally to the midline and 5 cun above the symphysis 
pubis, a point of  hand Yangming, the mu point of  the 
large intestine meridian, and it regulates the function 
of  the intestine and stomach)[21,22] and RN6 (located 
on ventral midline 3.5 cun above the symphysis pubis 
and 1.5 cun below the navel, a point of  the conception 
meridian, and it strengthens original qi and improves im-
mune function); the moxa cones were then ignited and 
each acupoint was treated twice in 15 min increments. 
This treatment was repeated once daily for a total of  8 
d[23]. As a positive control for inhibition of  UC symp-
toms, the immunosuppressant SA was used. For the SA 
treatment group, salicylazosulfapyridine solution (0.25 
g/tablet) was intragastrically administered to rats (Sanwei 
Pharmaceutical, Shanghai, China; Batch No. 200807C30) 
twice daily for a total of  8 d. The salicylazosulfapyridine 
solution concentration was 20 mg/mL with a daily dose 
of  100 mg/kg, which is equivalent to 0.1 g/kg in a hu-
man patient[24]. 

Morphological observation of fixed colon samples
Following treatment and sacrifice by cervical dislocation, 
samples were collected from the descending colon (5 cm 
above the anus), cleaned with normal saline, and general 
morphology was then scored (Table 1). The samples 
were fixed in 10% formalin, dehydrated, embedded in 
paraffin, and sectioned into 4 μm thick slices. These sec-
tions were then stained by hematoxylin-eosin for patho-
logical observation and the histological grade was scored 
with the bland method[25,26] (Table 2). 

TNF-α and IL-12 immunohistochemistry
Paraformaldehyde-fixed and paraffin-embedded samples 
were sliced into 4 μm slices. Paraffin slides were deparaf-
finized in xylene Ⅰ, xylene Ⅱ, and xylene Ⅲ; dehydrated 
in 95%, 90% and 70% ethanol; and then incubated with 
primary rabbit antibodies at 4 ℃ for 18 h (anti-TNF-α 
was diluted to 1:150; IL-12 was diluted to 1:200) (Abcam 
Co., United Kingdom). The tissues were then visualized 
with 0.5 g/L diaminobenzidine and 0.3 g/L H2O2 in dis-
tilled water, and rinsed in phosphate buffered saline for 
10 min. A known positive sample was used as a positive 
control for all slices, and phosphate buffered saline was 
substituted for the primary antibody and isotype controls 
as negative controls. All the samples were analyzed by a 
Motic Med 6.0 image analysis system (Motic Group Co., 
Ltd.). Three fields were randomly selected under an opti-
cal microscope (Olympus Co., Ltd.) at 400 × magnifica-
tion to calculate the positive target value of  the integral 
optical density. 

16S rRNA real-time quantitative polymerase chain reaction
Rat feces taken directly from inoculated rats was placed 

Table 1  General morphological scoring

General morphological manifestation Score

Colon adhesion No adhesion 0
Mild adhesion 1
Severe adhesion 2

Ulcer and No ulcer and no inflammation 0
inflammation Local congestion, no ulcer 1

1 ulcer without congestion or bowel wall 
thickening 

2

1 ulcer with inflammation 3
> 2 ulcer and inflammation 4
> 2 ulcer and/or inflammation area > 1 cm 5
> 2 ulcer and/or inflammation area > 2 cm, 
one more damage, plus 1

6-8

Table 2  Immunopathological scoring

Immunopathological manifestation Score

Ulcer No ulcer 0
Ulcer area < 3 cm 1
Ulcer area > 3 cm 2

Inflammation No inflammation 0
Mild inflammation 1
Severe inflammation 2

Granuloma No granuloma 0
Granuloma 1

Lesion depth No lesion 0
Submucosa 1
Muscular layer 2
Serosa layer 3

Fibrosis No fibrosis 0
Mild fibrosis 1
Severe fibrosis 2
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into 5-10 mL of  nutrient broth and was shaken and cul-
tivated overnight at 37 ℃. To extract DNA, 50 μL of  
the bacterial culture fluid was placed in a 1.5 ml sterile 
centrifuge tube, and 50 μL of  DNA extract was added. 
This was mixed well at a constant temperature of  100°C 
for 10 min. It was then centrifuged at 12 000 rpm for 5 
min and saved for later use. For the quantitative reverse 
transcription-polymerase chain reaction, the 7500 Se-
quence Detection System was used (ABI Co., USA). The 
sequence of  the forward primer (F) and reverse primer 
(R) are shown in Table 3. DNA was prepared for PCR 
amplification in the following way: 10 μL 5× PCR buf-
fer, 0.5 μL forward primer F, 0.5 μL reverse primer R, 0.5 
μL dNTPs, 0.5 μL TaqMan fluorescent probe, 1 μL Taq 
enzyme, 32 μL dHO2 water, and 5 μL cDNA template. 
We used the following amplification conditions: (1) 50 ℃ 
2 min, (2) 95 ℃ 5min, (3) 95 ℃ 15 s, and (4) 60 ℃ 45 s, 
for 40 cycles. 

Statistical analysis
All data were analyzed using SPSS 10.0 statistical software 
(SPSS Inc., United States), and all data were expressed 
as mean ± SD for normally distributed continuous vari-
ables and as median (QL-QU) for abnormal variables. 
A one-way analysis of  variance was used for normal 

distributions, LSD/SNK-q for homogeneity of  vari-
ance, and Dunnett’s T3 for heterogeneity of  variance. A 
non-parametric test was used for when the data did not 
follow Gaussian distribution, and the Spearman method 
was used for correlation analysis. A value of  P < 0.05 
was considered statistically significant. 

RESULTS
HPM inhibits tissue damage in colonic tissues of UC rats
When the colonic tissues were observed for morphologi-
cal changes upon treatment, we observed that our UC 
model group exhibited edematous colonic mucosa and 
there was serious congestion, erosion, and ulcer forma-
tion as compared to the normal group, which exhibited 
a smooth colonic mucosa surface, clear vascular texture, 
and no erosion or ulcers. Interestingly, HPM treatment 
was able to decrease the observed changes in UC treated 
rats and return the colon to a more normal state, as the 
colonic mucosa surface of  these rats was smooth, there 
was accidental edema, the vascular texture was clear, 
and congestion, edema and erosion were significantly 
reduced compared to the model group. As shown in 
Figure 1, the general morphological score of  the colonic 
tissue in the model group was significantly higher than 
the normal group [6.0 (5.5-7.0) vs 0.0 (0.0-0.0), P = 0.000]. 
After treatment, the scores were lower in both the HPM 
group [3.5 (2.0-4.0) vs 6.0 (5.5-7.0), P = 0.01] and the 
control SA group [3.0 (1.5-3.5) vs 6.0 (5.5-7.0), P = 0.002]. 
This data suggests that HPM is able to dampen the 
tissue-damaging effects of  UC.

HPM inhibits immunopathology in colonic tissues of UC rats
To evaluate whether HPM was also able to regulate the 
inflammatory cell infiltration that causes tissue damage 
in UC, we evaluated the extent of  immunopathology by 
looking for inflammatory cell tissue infiltration by HE 
staining. As shown in Figure 2A-D, the colonic mucosa 
and mucosa villi were damaged or missing in the UC 
model group, and large mononuclear cell and macro-
phage infiltration appeared in the mucosa or submucosa 
with congestion, edema, and ulceration as compared to 
the normal group, where the colonic mucosa epithelium 
was complete and the colonic gland was regularly ar-
ranged with inconspicuous inflammatory cell infiltration. 
However, HPM treatment decreased the inflammatory 

Primer or probe name Primer sense Sequence (5’→3’) Amplification product (bp)  

Bifidobacterium Forward    5'-ACTGGAATTCCCGGTGTAAC-3'   85
Reverse      5'-GTCAGTAACGGCCCAGAGAC-3'

Lactococcus lactis  Forward     5'-CAACATTTGGAAACGAATGC-3' 134
Reverse   5'-CCTTGGTGAGCCTTTACCTC-3'

Bacteroides  Forward     5'-ATTGCAGTGGAATGATGTGG-3' 106
Reverse     5'-TATGGCACTTAAGCCGACAC-3'

Bacillus vallismortis  Forward     5'-ACCGCATGGTTCAGACATAA-3'   88
Reverse 5'-AGCCGTTACCTCACCAACT-3'

Table 3  Oligonucleotide primers and TaqMan fluorescent probe sequences used for real-time polymerase 
chain reaction assays 
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Figure 1  Herb-partition moxibustion inhibits tissue damage in colonic 
tissues of rats with ulcerative colitis. The general morphological score of the 
colonic tissue in the model control (MC) group was significantly higher than the 
normal control (NC) group (P = 0.000). After treatment, the scores were lower 
in both the herb-partition moxibustion (HPM) group (P = 0.01) and the control 
sulfasalazine (SA) group (P = 0.002). 
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cell infiltration and the ensuing immunopathology, as we 
observed only slight submucosal edema and inflamma-
tory cell infiltration, and the colonic mucosa epithelium 
and the colonic gland were more regularly arranged than 
in the model group. Additionally, new epithelial cells 
were observed to be covering the ulcers that developed 
under UC conditions, indicating that HPM treatment 
could induce recovery of  these ulcers. Positive control 
SA treatment showed similar recovery of  the UC model 
as the HPM group. As shown in Figure 2E, the histo-
pathological scores for the colonic tissue in the model 
group were significantly higher than the normal group 
[5.00 (4.50-5.50) vs 0.00 (0.00-0.50), P = 0.000]. After 

treatment, the scores were lower in both the HPM group 
[3.00 (2.00-3.50) vs 5.00 (4.50-5.50), P = 0.007] and SA 
group [3.00 (2.50-3.50) vs 5.00 (4.50-5.50), P = 0.015]. 
Taken together, these data indicate that HPM treatment 
can inhibit inflammatory cell infiltration under UC con-
ditions and therefore limit the resulting immunopathol-
ogy in the colon tissue. 

HPM treatment rebalances the colonic intestinal flora of 
UC rats
Because the deregulation of  intestinal flora is now un-
derstood to be a major component of  UC pathogenesis, 
we tested whether HPM could restore the balance of  
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Figure 2  Herb-partition moxibustion inhibits immunopathology and decreases the histopathological scores in colonic tissues of rats with ulcerative 
colitis. A: Normal; B: Ulcerative colitis (UC); C: Herb-partition moxibustion (HPM); D: Sulfasalazine (SA); E: The histopathological scores for the colonic tissue in the 
UC model control (MC) group were significantly higher than the normal control (NC) group (P = 0.000). After treatment, the scores were lower in both the HPM group 
(P = 0.007) and SA group (P = 0.015). The colonic mucosa was damaged in the UC model group with cell infiltration, congestion, edema, and ulceration. After HPM 
treatment, there are only slight submucosal edema and inflammatory cell infiltration, and the colonic mucosa epithelium and the colonic gland were more regularly ar-
ranged than in the model group, new epithelial cells were observed to be covering the ulcers. Positive control SA treatment showed similar recovery of the UC model 
as the HPM group. 
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the bacteria species back to normal by using the readout 
of  the levels of  symbiotic and pathogenic bacteria. To 
do this, we tested the levels of  species-specific bacterial 
DNA by detecting 16S RNA from rat feces among the 
different groups. As shown in Figure 3, DNA copies of  
the symbiotic groups Bifidobacterium and Lactobacillus were 
both significantly decreased in the UC group compared 
to the normal group (0.045 ± 0.036 × 105 vs 6.707 ± 1.595 
× 105 for Bifidobacterium, 0.0015 ± 0.0014 × 107 vs 3.254 
± 1.395 × 107 for Lactobacillus, P = 0.000). After HPM 
treatment, the levels were restored, because DNA copies 
of  Bifidobacterium and Lactobacillus were both significantly 
increased in the HPM group and SA group compared 
with the model group (1.395 ± 1.339, 1.461 ± 1.152 vs 
0.045 ± 0.036 × 105, P = 0.001 in HPM group and P = 
0.000 in SA group for Bifidobacterium, and 0.395 ± 0.325, 
0.851 ± 0.651 vs 0.0015 ± 0.0014 × 107, P = 0.000 for 
Lactobacillus). As shown in Figure 4, the DNA copies of  
the pathogenic bacteria B. fragilis and E. coli were both 
significantly increased in the UC rats compared to the 
normal rats (1.285 ± 1.039 vs 0.097 ± 0.063 × 105 for B. 
fragilis, 1.691 ± 0.683 vs 1.691 ± 0.683 × 105 for E. coli, 
P = 0.000). After HPM treatment, the DNA copies of  
B. fragilis and E. coli were both significantly decreased in 
the HPM group and SA group compared with the UC 
model group (0.351 ± 0.181 × 105, 0.416 ± 0.329 × 105 
vs 1.285 ± 1.039 × 105, P = 0.001 for B. fragilis and 0.244 
± 0.107 × 105, 0.628 ± 0.257 × 105 vs 1.691 ± 0.683 × 
105 P = 0.000 in HPM group and P = 0.003 in SA group 
for E. coli). These data indicate that HPM treatment can 
rebalance the intestinal flora toward more normal levels 
after alteration under UC conditions. 

HPM inhibits the secretion of the pro-inflammatory 
mediators TNF-α and IL-12 in the colon tissue of UC rats
To determine whether the HPM-induced reduction of  
inflammation was due to an effect of  HPM on the se-
cretion of  pro-inflammatory cytokines, we measured 
TNF-α and IL-12 levels in colon tissue by immunohisto-
chemistry. As shown in Figure 5A1-E1, TNF-α expres-
sion was significantly increased in the UC model group 
compared to the normal group (650 313.82 ± 65 996.76 
vs 48 384.84 ± 9438.98, P = 0.000). After treatment, 
TNF-α expression was significantly decreased in both 
the HPM group and SA group compared with the UC 
model group (231 783.33 ± 50 222.65, 283 668.65 ± 
44 978.06 vs 650 313.82 ± 65 996.76, P = 0.000). There 
was a difference in TNF-α expression between the 
HPM group and positive control SA group (231 783.33 
± 50 222.65 vs 283 668.65 ± 44 978.06, P = 0.034). As 
shown in Figure 5A2-E2, IL-12 expression was signifi-
cantly increased in the model group compared to the 
normal group (901 708.26 ± 215 867.35 vs 76 799.88 ± 
15 270.78, P = 0.000). HPM treatment inhibits IL-12 
expression because it was significantly decreased in both 
the HPM group and positive control SA group com-
pared with the model group (333 652.88 ± 121 428.18, 
512 202.17 ± 95 369.17 vs 901 708.26 ± 215 867.35, 
P = 0.001 in the HPM group and P = 0.012 in the SA 
group). There was a difference in IL-12 expression be-
tween the HPM group and the SA group (333 652.88 ± 
121 428.18 vs 512 202.17 ± 95 369.17, P = 0.033). This 
data indicates that HPM treatment exerts its anti-inflam-
matory effects through the inhibition of  pro-inflamma-
tory cytokine secretion, such as TNF-α and IL-12.
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Figure 3  Herb-partition moxibustion treatment increases the colonic 
Bifidobacterium and Lactobacillus of rats with ulcerative colitis. The 
DNA copies of the symbiotic groups Bifidobacterium and Lactobacillus were 
both significantly decreased in the ulcerative colitis (UC) group compared to 
the normal control (NC) group (P = 0.000). After herb-partition moxibustion 
(HPM) treatment, the DNA copies of Bifidobacterium and Lactobacillus were 
both significantly increased in the HPM group (P = 0.001 and P = 0.000) and 
sulfasalazine (SA) group (P = 0.000 and P = 0.000) compared with the UC 
model group.
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Figure 4  Herb-partition moxibustion treatment decreases the colonic 
pathogenic bacteria Bacteroides fragilis and Escherichia coli of rats 
with ulcerative colitis. The DNA copies of the pathogenic bacteria Bacteroi-
des fragilis (B. fragilis), and Escherichia coli (E. coli) were both significantly 
increased in the ulcerative colitis (UC) rats compared to the normal control 
(NC) rats (P = 0.000). After herb-partition moxibustion (HPM) treatment, the 
DNA copies of B. fragilis and E. coli were both significantly decreased in the 
HPM group (P = 0.001 and P = 0.000) and sulfasalazine (SA) group (P = 0.001 
and P = 0.003) compared with the UC model group.
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Figure 5  Herb-partition moxibustion inhibits the secretion of the pro-inflammatory mediators tumor necrosis factor-α and interleukin-12 in the colon 
tissue of rats with ulcerative colitis (× 400). A1, A2: Normal control; B1, B2: Ulcerative colitis (UC); C1, C2: Herb-partition moxibustion (HPM); D1, D2: Sulfasala-
zine (SA). A1-E1: Tumor necrosis factor-α (TNF-α) expression was significantly increased in the UC model group compared to the normal group (P = 0.000). After 
treatment, TNF-α expression was significantly decreased in both the HPM group (P = 0.000) and SA group (P = 0.000) compared with the UC model group. There 
was a difference in TNF-α expression between the HPM group and positive control SA group (P = 0.034); A2-E2: Interleukin-12 (IL-12) expression was significantly 
increased in the model group compared to the normal group (P = 0.000). HPM treatment inhibits IL-12 expression because it was significantly decreased in both the 
HPM group (P = 0.001) and positive control SA group (P = 0.012) compared with the model group. There was a difference in IL-12 expression between the HPM group 
and SA group (P = 0.033). IOD: Integrated optical density per dye.
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DISCUSSION
In normal physiological conditions, the overgrowth 
of  pathogenic microorganisms is kept in check by the 
balance of  gut flora species as well as the interaction 
between microbes and the host’s immune system. These 
mechanisms limit the pathogenic microorganisms from 
sticking to the intestinal mucosa and act as a biological 
barrier to the host[7,27,28]. Altered bacterial composition 
and function of  the gut flora in UC results in increased 
immune stimulation, epithelial dysfunction, and en-
hanced mucosal permeability[7]. Moreover, this barrier 
dysfunction leads to increased recognition of  pathogens 
and their metabolites by the immune system and cause 
an abnormal intestinal immune response[7] that constant-
ly stimulates intestinal epithelium cells, among other ef-
fects. This immune response leads to the production of  
a large amount of  cytokines, such as TNF-α, IL-12 and 
IL-6, that further aggravate the local immune response 
of  the intestinal mucosa and cause continual damage of  
the intestinal mucosa[29,30]. In recent years, studies have 
widely focused on the relationship between intestinal 
bacteria and UC. Changes in gut flora have been consid-
ered as key in the initiation and maintenance stages of  
the inflammatory processes in UC[7,10,31-35]. There is evi-
dence to support that UC patients undergo alterations in 
intestinal flora: the amount of  Enterobacter, Enterococcus,  
and small-bowel Clostridium increased significantly, while 
Bifidobacteria and Lactobacilli decreased significantly in 
acute UC. In patients undergoing remission from UC, 
bacteroid and Bifidobacteria were increased markedly and 
small-bowel Clostridium was decreased significantly[36,37]. 
In some studies, bacteroids were significantly increased[38] 
and Bifidobacteria and Lactobacilli in the gut were both de-
creased in acute and remission UC[39]. Other studies have 
indicated that Bifidobacteria, Lactobacilli, and Fusobacterium 
in the gut of  UC patients decreased significantly, while 
Bacteroides, E. coli, and Desulfovibrio increased remark-
ably[3-6]. The results of  the present study showed that 
Bifidobacteria and Lactobacilli decreased significantly, while 
E. coli and B. fragilis significantly increased by testing the 
bacterial DNA copy numbers in the stool of  UC rats as 
compared to normal rats. These results indicate that gut 
flora alterations also occur in the rat model of  UC used 
in these studies and provide further evidence that altera-
tions in gut flora play an important role in the pathogen-
esis of  UC. 

In recent years, modulation of  gut flora has been 
suggested as an approach to treat UC. The balance be-
tween beneficial and detrimental bacterial species deter-
mines homeostasis vs inflammation. This balance can be 
manipulated by antibiotics, probiotics, and prebiotics to 
treat and prevent relapses of  UC[40]. Additionally, alter-
native treatments or complementary therapy, such as the 
use of  probiotics, have been considered good candidates 
for treatment of  UC because there are less problems 
with resistance, it means less risk for the development of  
bacterial resistance to antibiotic treatment, and there are 
less potential side effects and fewer ecological concerns 

than using antibiotic drugs[41]. Our previous studies in 
humans have indicated that HPM treatment is safe and 
has a therapeutic effect on UC patients[12-14]. To deter-
mine the mechanism of  how HPM might control UC, 
the aim of  this study was to analyze whether HPM can 
modulate the gut flora in a rat model of  UC. The results 
shown here demonstrate that HPM treatment does in-
deed alter the intestinal flora bacterial composition, as 
Bifidobacteria and Lactobacilli increased significantly, while 
E. coli and B. fragilis decreased remarkably in the stool of  
HPM-treated UC rats as compared to the stool of  UC 
rats without treatment. Damage to the colonic mucosa 
was also remarkably improved after HPM treatment of  
UC rats, which indicated that the alteration of  the gut 
flora back towards normal rat flora correlated with in-
creased recovery of  gut pathology in the UC rats treated 
with HPM. Therefore, HPM could modulate the altera-
tion of  gut flora in the UC rat model, recover intestinal 
micro-ecological balance, and inhibit the development 
and/or maintenance of  gut pathology. The resultant 
modulation of  gut flora by HPM is similar to that of  
probiotic supplements[29], and therefore deserves further 
study as an alternative treatment for UC symptoms. 

IL-12 and TNF-α are pre-inflammation factors and 
play an important role in the pathology of  intestinal 
bowel disease (IBD). IL-12 from dendritic cells induces 
the differentiation of  CD4+ T cells to Th1 cells. IL-12 
also stimulates natural killer cells and T cells to secrete 
γ-interferon and TNF-α cytokines to mediate the in-
flammation. TNF-α cooperates with γ-interferon and 
can change the function of  the intestinal barrier; it can 
also enhance the permeability of  the mucous membrane 
or induce apoptosis of  bowel epithelial cells. This tissue 
damage is the key process in the colonic inflammatory 
response in UC[3,39] and is closely related to the patho-
genesis of  UC[4,5]. Studies have revealed that IL-12 pro-
tein and mRNA expression is increased and correlates 
with the active index score of  UC[5,6]. IL-12 and TNF-α 
are significantly increased in the peripheral blood of  pa-
tients with IBD[40-43]. These previous studies indicate the 
relevance of  IL-12 and TNF-α cytokines in the initiation 
and maintenance of  UC pathogenesis. 

 Previous studies showed that HPM could rectify 
abnormal mucosal immune responses[43], regulate the ex-
pression of  IL-1 and IL-1β[44,45], and improve intestinal 
mucus damage by down-regulating the expression of  
TGF-β1 and IGF-1 in the inflamed tissue of  UC[46,47]. 
The results of  the present study indicate that TNF-α 
and IL-12 are expressed at low levels in the colonic mu-
cosa and the submucosa of  normal rats. However, in UC 
rats, TNF-α and IL-12 were expressed at high levels that 
correlated with the observed higher morphological and 
histopathological scores. After HPM treatment, however, 
the expression of  TNF-α and IL-12 decreased and the 
general morphological and histopathological scores were 
lower than those of  the UC group, indicating that HPM 
treatment had an anti-inflammatory effect and improved 
the UC-mediated pathology. These results further sup-
port the previous reports that suggest that HPM can 
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improve the inflammatory response induced by UC, and 
that the mechanism may be regulation of  the expression 
of  inflammatory cytokines IL-6, IL-1β, TNF-α, and 
IL-12 in the colon mucosa of  UC rats. 

Additionally, the intestinal flora and their products 
have been found to trigger cytokine expression, such as 
inducing TNF-α in macrophage and epithelial cell sys-
tems of  inflammatory bowel disease[48]. In addition to re-
storing beneficial intestinal flora, probiotics may enhance 
host protective immunity such as down-regulation of  
pro-inflammatory cytokines, IL-12 and TNF-α in coli-
tis[49,50]. Rifaximin administration decreased the protein 
and mRNA levels of  IL-12 and TNF-α, and caused a 
significant reduction of  colon bacterial translocation to-
wards mesenteric lymph nodes, in colon of  2, 4, 6-trini-
trobenzene sulfonic acid-induced colitis in mice[51]. The 
results of  this study showed that HPM can modulate 
intestinal flora towards a more normal flora and inhibit 
the expression of  TNF-α and IL-12 in UC rats. These 
indicate that there may be a relationship between the re-
lease of  IL-12 /TNF-α and the modulation of  bacterial 
flora.

In conclusion, we suggest that HPM can modulate 
intestinal flora towards a more normal flora and inhibit 
the expression of  the pro-inflammatory mediators 
TNF-α and IL-12 in UC rats. Therefore, whether HPM 
can improve the intestinal inflammation response of  UC 
by modulating intestinal flora deserves further study as a 
treatment for patients suffering with UC.
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