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Abstract
AIM: To investigate the efficacy of moxibustion in ulcerative colitis (UC) rats from morphological, immunological and molecular biological perspectives.

METHODS: Thirty-two Sprague–Dawley rats were randomly assigned to a blank control group (normal rats, n = 6) and model replication (MR) group (UC rats, n = 26). A UC model was established by 2,4,6-trinitrobenzenesulfonic acid/dextran sulfate sodium enema. Rats in the MR group were further randomly assigned to a 9-min moxibustion (9M) group (9 moxa-cone, n = 6), 6-min moxibustion (6M) group (6 moxa-cone, n = 6), 3-min moxibustion (3M) group (3 moxa-cone, n = 6), and waiting list control (WLC) group (no moxibustion treatment, n = 6). Rats in the moxibustion treatment group were treated in 14 sessions over 28 d. Disease activity index (DAI), local tissue morphology, serum level of interleukin (IL)-8 and IL-10, and expression of Toll-like receptor (TLR)9 as well as nuclear factor (NF)-(B p65 in colonic tissue were determined by DAI, hematoxylin and eosin staining, electron microscopy, enzyme-linked immunosorbent assay and Western blotting, respectively.
RESULTS: DAI was lowest in the 9M group and highest in the WLC group. The differences in DAI between the moxibustion treatment (3M, 6M, 9M) and no treatment groups were significant for all one-to-one comparisons (0.60 ± 0.54 vs 1.20 ± 0.44, 0.60 ± 0.54 vs 1.80 ± 0.45, 0.60 ± 0.54 vs 3.0 ± 0.45, P < 0.05 for DAI). Light and electron microscopy showed that the neatness of the glandular arrangement in colonic mucosal epithelia gradually increased in the WLC, 3M, 6M to 9M groups. IL-8 level successively decreased while IL-10 level increased from the WLC to 3M, 6M and 9M groups. The differences among these groups were significant for all comparisons (105.46 ± 8.75 vs 76.61 ± 3.58, 105.46 ± 8.75 vs 69.78 ± 1.87, 105.46 ± 8.75 vs 67.41 ± 1.84, P < 0.01 for IL-8, and 30.83 ± 1.29 vs 75.64 ± 1.90, 30.83 ± 1.29 vs 80.90 ± 3.16, 30.83 ± 1.29 vs 83.46 ± 2.37, P < 0.01 for IL-10), except comparison of 6M vs 9M. Expression of TLR9 and NF-κB p65 decreased in order: highest in the WLC group and lowest in the 9M group. In addition, the differences among the WLC, 3M, 6M and 9M groups were significant for all comparisons (0.492 ± 0.026 vs 0.380 ± 0.022, 0.492 ± 0.026 vs 0.355 ± 0.005, 0.492 ± 0.026 vs 0.327 ± 0.015, P < 0.05 for TLR9, and 0.436 ± 0.041 vs 0.326 ± 0.022, 0.436 ± 0.041 vs 0.293 ± 0.006, 0.436 ± 0.041 vs 0.265 ± 0.017, P < 0.05 for NF-κB p65).

CONCLUSION: Moxibustion repairs damaged colonic mucosa, suppresses serum IL-8, activates serum IL-10 level, and decreases expression of TLR-9 and NF-κB p65 in UC rats. 

© 2014 Baishideng Publishing Group Inc. All rights reserved.  
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Core tip: We investigated the effectiveness of moxibustion treatment in ulcerative colitis rats from a modern medicine perspective. In addition, we connected the effects of moxibustion therapy with immune or inflammatory responses by observing interleukin (IL)-8, IL-10, Toll-like receptor 9, and nuclear factor-κB p65, and the underlying mechanisms were suggested.
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INTRODUCTION

Moxibustion (or acupuncture; the special form of point stimulation), as a traditional healing technique, is a useful and important therapy in Asian medicine, including China, South Korea, and Japan[1-4]. In the western world, moxibustion or acupuncture is gaining more attention as an alternative and complementary therapeutic intervention, due to its relatively lower clinical side effects and a higher compliance in patients compared to drug therapy or surgical procedures[5-8]. Recently, acupuncture or moxibustion has been used worldwide as an alternative treatment for chronic back pain[9-11], asthma[12,13], stroke rehabilitation[8,14,15], and gastrointestinal disease[7,16]. 

Ulcerative colitis (UC) is a nonspecific inflammatory bowel disease that afflicts millions of people worldwide. The pathogenesis of UC mainly involves erosions and ulcers with common clinical manifestations of diarrhea, weight loss, abdominal pain, bloody stools, fever, and fatigue[17]. Although the exact cause of UC remains uncertain, most scientists and scholars agree on a combination of genetic and environmental factors. Based on the root of various genetic abnormalities, immune is triggered by environmental factors that transiently break the mucosal barrier responses abnormally to the pathogenic enteric bacteria, and further gives rise to onset and reactivation of disease.[17-19] The pathogenesis of UC is associated with immunological abnormalities, and various factors involved in the immune system may directly/indirectly relate to UC. For instance, two inflammatory mediators, interleukin (IL)-8 (neutrophil chemotactic factor) and IL-10 (human cytokine synthesis inhibitory factor) are genetically linked to the inflammation of UC[20,21]. Toll-like receptor (TLR)9 and nuclear factor (NF)-(B p65 are also intrinsically associated with the inflammatory reaction of UC[22,23].
In addition to the above research on UC from a modern medicine perspective, there is also some evidence that moxibustion or acupuncture is effective in UC. For example, Zhang found that UC symptoms are improved after moxibustion or acupuncture[24]. Ma et al[25] showed that moxibustion or acupuncture was effective for treating UC by observing the symptoms in 76 patients. Joos et al[6] have suggested that acupuncture offers an additional therapeutic benefit in patients with mild to moderately active UC. Most research has focused on whether moxibustion or acupuncture is effective, and only rarely has it investigated the mechanistic connection between moxibustion or acupuncture therapy and drug therapy. Wu et al[26] have suggested that moxibustion or acupuncture inhibits expression of inflammatory cytokines by observing IL-1β and IL-6 mRNA expression in the spleen and colonic mucosa of UC rats. Although their work investigated the mechanisms of moxibustion or acupuncture treatment for UC, their results were limited to qualitative observation of electrophoresis patterns. Further research, such as quantitative research, is necessary to shed some light on the role of moxibustion or acupuncture in the treatment of UC, and to elucidate why moxibustion or acupuncture achieve their therapeutic effects.

In this study, we quantitatively investigated the efficacy of moxibustion in the treatment of UC rats by observing changes in physical and biological parameters [disease activity index (DAI), colonic epithelial glandular arrangement, IL-8, IL-10, TLR9, and NF-κB P65]. The purpose of this study was to obtain quantitative information about the efficacy of moxibustion to provide useful information for future clinical practice. In addition, we investigated a comprehensive theoretical system of moxibustion treatment for UC by providing direct scientific evidence of its therapeutic effects from a modern medicine perspective.
MATERIALS AND METHODS
Materials
Thirty-two Sprague–Dawley rats (150 ± 20 g, 16 female and 16 male) were provided by the Laboratory Animal Center of China Medical University. Rat IL-8 and IL-10 ELISA kits were purchased from Shanghai Yueyan (China). Rat anti-mouse TLR9 antibody and rat anti-mouse NF-κB p65 antibody were purchased from Santa Cruz Biotechnology (Santa Cruz, CA, United States). Goat anti-goat anti-rabbit IgG/HRP antibody was purchased from Beijing Biosynthesis Biotechnology Co. Ltd. (China). Protein Miniprep kit was purchased from Tiandz (Beijing, China). Protein assay kit was purchased from Beyotine Institute of Biotechnology (Shanghai, China).
Rat model of UC 

The rat model of UC was established using an immunological method. Acute colitis was induced by rectal administration of 100 mg/kg 2,4,6-trinitrobenz- enesulfonic acid in 50% ethanol. After the fecal occult blood test showed “1+”, rats with acute colitis were treated with 5% dextran sulfate sodium solution or normal saline to induce inflammation for the second time. UC was induced after 21 d. Colonic tissue stained by HE was examined by light microscopy (Olympus BX41, Tokyo, Japan). Morphology of colonic mucosa was studied by electron microscopy (Olympus CHA). The colonic tissue and mucosal epithelium indicated successful establishment of UC.

Moxibustion treatment 
Home-made moxa cones (refined mugwort floss: 6 mm in diameter, 7 mm in base diameter, 8 mm in height, 50 mg in weight) were placed on Daheng (SP15, bilateral) and Tianshu (ST25, bilateral) and ignited. UC rats received moxibustion treatment for 3 min (3M group), 6 min (6M group), and 9 min (9M group). Three, six and nine moxa cones were used for each treatment session in the 3M, 6M and 9M groups. The whole treatment course comprised 14 sessions. 

Study design
Figure 1 shows the study design for moxibustion treatment of UC rats. Thirty-two normal rats (16 male and 16 female) were randomly assigned to two groups. One was named the blank control (BC) group and consisted of six normal rats without moxibustion treatment. The other was the model replication (MR) group that consisted of 26 rats with UC. Establishment of the UC model lasted 21 d. After that, two rats were randomly selected to determine whether UC had been induced. The observation of disease activity, reflected in DAI, started from day 3 and ended after the moxibustion course. After UC was induced, the MR group was further randomly assigned into three subgroups (3M 6M and 9M) with six rats each. 3M, 6M and 9M were named according to the timespan of moxibustion treatment in each session, which was 3, 6 and 9 min, respectively. Each session lasted 2 d, in which UC rats only received moxibustion treatment. The whole moxibustion course included 14 sessions (28 d in total). After the entire treatment course, all rats were killed simultaneously. The assessments including IL-8, IL-10, TLR9, and NF-κB p65 were conducted on the next day. 

DAI

The disease activity of UC rats was observed from day 3 to the last day of 14 moxibustion sessions (Figure 1) and was evaluated based on the index shown in Table 1. The index assessed four variables, which included rate of body mass loss, fecal viscosity, rectal bleeding, and the corresponding disease activity in terms of each variable. Normal fecal viscosity means solid shaped feces, medium fecal viscosity indicates semi-formed feces, and low fecal viscosity represents watery loose feces that can attach to the anus. The physician’s overall assessment of disease activity was determined by the average rating of body mass loss, fecal viscosity and rectal bleeding, which is expressed as equation: DAI = (body mass loss + fecal viscosity + rectal bleeding)/3
Detection of IL-8, IL-10, TLR9 and NF-κB p65
The levels of IL-8 and IL-10 in the serum were detected by typical enzyme-linked immunosorbent assay, according to the manufacturer’s instructions (Shanghai Yueyan, China). Expression of TLR9 and NF-κB p65 in the colonic tissue were detected by western blotting, according to the protocol available in the Protein Miniprep kit and protein assay kit.

Statistical analysis
Data analysis was performed using SPSS version 12 software. Least significant difference was used to evaluate the differential efficacy of moxibustion treatment in UC rats. P values < 0.05 (two-sided) were regarded as statistically significant.

RESULTS

Disease activity observation
DAI has been widely used for the evaluation of disease activity, allowing the integration of various aspects of the disease into a single value[27,28]. To investigate whether moxibustion is effective in improving the disease activity of UC rats, we evaluated the DAI by continuously observing the rate of body mass loss, fecal viscosity, and rectal bleeding for 14 sessions with 2 d/session. Figure 2 shows DAI of UC rats in the different groups before and after moxibustion treatment, and comparison of disease activity between the moxibustion-treated rats (3M, 6M and 9M groups) and moxibustion-free rats [waiting list control (WLC) group]. The values given were the average of DAI scores obtained in 14 sessions. From the pre-treatment data, DAI was relatively static among the different groups (3.20 for WLC, 3.20 for 3M, 3.60 for 6M, and 3.40 for 9M), which indicated the legitimacy of sampling randomization. In contrast, DAI represented a significant change between each moxibustion group and the moxibustion-free group (3M vs WLC, 6M vs WLC, and 9M vs WLC, all P < 0.05). The significant decrease in DAI between the moxibustion-free and moxibustion-treated groups indicated the efficacy of moxibustion in UC rats. In the moxibustion-treated groups, the duration of treatment gradually increased from 3 to 6 and 9 min. We also noticed that DAI decreased from 1.80 to 0.60 as the duration of treatment increased from 3 to 9 min. This implies that 9 min moxibustion probably yields better improvement of UC disease activity, with taking physical tolerance into account.

Observation of colonic tissue and mucosal epithelia
In order to visualize the efficacy of moxibustion treatment in UC rats, we compared the condition of colonic tissue stained by HE and observed by light microscopy (Figure 3A). For normal rats in the BC group, colonic tissue showed intact mucosal epithelia, ordered glands, clear structure, and no ulceration, as well as inflammatory cell infiltration. In contrast, for rats in the WLC group, colonic tissues showed ulcers, damaged mucosa, disordered glandular structure, apparent edema in and underneath the mucosa, and infiltration of inflammatory cells. The above symptoms were gradually improved after moxibustion treatment, as shown in the right three pictures in Figure 3A. The 9M group showed the best improvement: epithelial mucosa and glands had an ordered structure; ulcer surface had new epithelial cells; and most of the infiltrating inflammatory cells disappeared. The condition of the colonic tissue in the 9M group was close to that in the BC group. 

We further scrutinized the morphology of colonic mucosal epithelia by electron microscopy (Figure 3B). Our observations under electron microscopy were consistent with those of colonic tissue under light microscopy. For normal rats in the BC group, colonic mucosal epithelia showed intact microvilli in good order, tight junctions between cells, and clear mucous granules in the cytoplasm. On the contrary, colonic mucosal epithelia in the WLC group (without moxibustion treatment) contained damaged microvilli with uneven length, loose cell junctions, and unclear dissolved mucous granules in the cytoplasm. Symptoms of UC were greatly improved after moxibustion treatment. In particular, in the 9M group, colonic mucosal epithelia showed a similar condition to that in the rats without UC: relatively intact and ordered microvilli, tight cell junctions, and even cellular matrix. 

Effect of moxibustion on secretion of IL-8 and IL-10 
In order to determine whether the effectiveness of moxibustion treatment on inflammation of UC was linked to immunological abnormalities, we measured the levels of two inflammatory mediators, IL-8 and IL-10, which are genetically related to the immune system[20,21]. Serum levels of IL-8 and IL-10 in normal and UC rats are summarized and shown in Figure 4. IL-8 level in the WLC, 3M, 6M and 9M groups was significantly increased compared with that in the BC group (P < 0.01). In order to quantify the efficacy, we compared the IL-8 level among the different groups. The results in the 3M vs 6M and 3M vs 9M groups indicated significant differences in IL-8 (P < 0.01), and a tendency to decrease gradually to the normal level when UC rats received 9 min moxibustion treatment. The difference between the 6M and 9M groups was no longer significant (P > 0.05). 

The results for IL-10 levels were similar to those for IL-8, except for the increasing/decreasing tendency. IL-10 level showed a tendency to increase to the normal level as the duration of moxibustion treatment increased, whereas IL-8 level had a tendency to decrease to the normal level. For the parallel comparison of 6M vs 9M, although the difference was no longer significant (P > 0.05), the tendency for the level of IL-10 to approach the normal level was still noticeable when the duration of treatment increased from 6 to 9 min. Due to the physical tolerance of UC rats, we reached 9 min of moxibustion treatment and did not increase the duration.

Effect of moxibustion on expression of TLR9 and NF-κB p65
The other two factors that play significant roles in immune responses, TLR9 and NF-κB p65, are also intrinsically associated with the inflammatory reaction of UC[22,23,29]. In order to investigate the intrinsic connection between effectiveness of moxibustion treatment in UC rats and expression of those two factors, we compared their expression among the different groups of normal and UC rats. Figure 5A and 5B show direct visualization of the differences of both TLR9 and NF-κB p65 expression in colonic tissue of normal rats (BC), moxibustion-free UC rats (WLC), and moxibustion-treated UC rats (3M, 6M and 9M). 

We further summarized and compared such differences quantitatively, as shown in Figure 6. Expression of both TLR9 and NF-κB p65 in UC rats (WLC, 3M, 6M and 9M) showed a significant decrease (P < 0.01), compared to that in normal rats (BC). For UC rats, the differences of 3M vs WLC, 6M vs WLC, and 3M vs WLC were also significant (P < 0.05). The above results implied that moxibustion had an effect on expression of TLR9 and NF-κB p65 in UC rats. We further compared their expression in UC rats receiving different durations of moxibustion treatment. As the duration of moxibustion treatment in UC rats increased, the amount of TLR9 and NF-κB p65 expression decreased simultaneously. Significant differences (P < 0.05) still existed among all different comparisons (3M vs 6M, 3M vs 9M, and 6M vs 9M). The level of expression in UC rats that received 9 min moxibustion was the lowest, which was closest to the levels in normal rats without UC. On the contrary, the level of expression in UC rats without moxibustion treatment was the highest, which differed most from the level in normal rats. The above comparisons of TLR9 and NF-κB p65 among different groups regardless of moxibustion imply that moxibustion is an effective alternative treatment for UC in rats.  

DISCUSSION

The significant decrease in DAI indicates that moxibustion is effective in improving the disease activity of UC rats. To be specific, moxibustion treatment can increase body mass, improve fecal viscosity, and reduce rectal bleeding. Our comparison of DAI among moxibustion-treated groups suggests that the efficacy of moxibustion depends on the duration of treatment, and 9 min treatment gave the best improvement of disease activity. 

Our histological observations of colonic tissue and mucosal epithelia agree with the disease activity results: (1) without moxibustion treatment, ulcers, damaged mucosa, disordered glandular structure, edema, and infiltration of inflammatory cells appeared in the colonic tissue of UC rats; (2) damaged microvilli with uneven length, loose cell junctions, and unclear dissolved mucous granules in the cytoplasm were seen in colonic mucosal epithelia; (3) with moxibustion treatment, the above abnormalities showed significant improvements (P < 0.05); and (4) after 9 min treatment in each session, the features of colonic tissue and mucosal epithelia of UC rats showed the closest similarity to those of normal rats without UC.

UC is one type of nonspecific inflammatory bowel disease. A combination of genetic and environmental factors is widely accepted as the main cause of UC. The pathogenesis of UC is closely associated with immune and inflammatory responses. Inflammatory mediators IL-8, IL-10, TLR9 and NF-κB p65 are closely connected with immune and inflammatory responses[29-38]. 

IL-8 is a proinflammatory cytokine and a major chemoattractant and activator of neutrophils. IL-8 is closely connected to neutrophil recruitment, activation of the immune response, and promotion of inflammation. It activates immune responses through recruiting neutrophils to a site of inflammation as well as inducing neutrophils to bind to the extracellular matrix of cells, leading to inflammation[30,31]. IL-10 is an anti-inflammatory molecule that can suppress in vitro production of cytokines, and is involved in regulating immune and inflammatory responses[32]. Our comparison of the levels of IL-8/IL-10 among different groups suggest: (1) IL-8 level is correlated positively with severity of UC, whereas IL-10 level has a negative correlation; (2) moxibustion is effective in treating UC by significantly reducing IL-8 level while increasing IL-10 level; (3) within the physical tolerance limit of rats, a longer duration of moxibustion treatment achieves better efficacy; and (4) moxibustion treatment suppresses secretion of proinflammatory cytokine IL-8 while activating secretion of anti-inflammatory cytokine IL-10, thereby inhibiting the release of inflammatory cells and further interrupting the inflammatory response of UC.

In mammals, TLR9 plays a role in recognizing conserved pathogen-associated molecular patterns and further in inducing the inflammatory innate immune responses[33,34]. More specifically, TLR9 mediates CpG-DNA signaling involved in signal transduction pathways[37,38]. NF-κB p65, as a subunit of the NF-(B transcription complex, plays a crucial role in inflammatory and immune responses[29,35,36]. Activation of NF-κB p65 is the last step of the intracellular signaling pathway from the cell surface to the nucleus. Increased expression of NF-κB p65 has been reported in patients with UC[39]. By comparing the expression of TLR9 and NF-κB p65 in rat colonic tissue among different groups, several observations were made: (1) expression of NF-κB p65 in colonic tissue of UC rats was higher than in normal rats, indicating activation of NF-κB p65 in UC; (2) moxibustion treatment reduced expression of TLR9 and NF-κB p65 in UC; and (3) the degree of expression decreased significantly with duration of treatment, and 9 min treatment yielded the best results. In addition to its effectiveness and efficacy, our results suggest that moxibustion treatment inhibits activation of NF-κB p65, thereby blocking the signal transduction pathways of TLR9.


In summary, in this study, we investigated the effectiveness of moxibustion treatment in UC rats, and quantitatively assessed the efficacy from a modern medicine perspective. In addition, we established the relation between moxibustion therapy and immune or inflammatory responses by observing IL-8, IL-10, TLR9 and NF-κB p65 expression. Our results indicate that moxibustion treatment improves disease activity, repairs damaged colonic mucosa, suppresses secretion of serum IL-8 while activating that of IL-10, inhibits activation of NF-κB p65, and decreases expression of TLR-9 in UC rats. We propose that the effect of moxibustion therapy in UC rats is probably related to inhibition of inflammatory cells by suppressing secretion of proinflammatory cytokine IL-8 and activating secretion of anti-inflammatory cytokine IL-10, and blocking of the inflammatory signaling transduction pathway by inhibiting activation of transcription factor NF-κB p65 and repressing the pattern-recognition receptor TLR9. Our results provide direct evidence of why moxibustion is effective in the treatment of UC from a modern medicine perspective.

COMMENTS
Background

Moxibustion, as an alternative and complementary medicine, has been widely used for treating inflammatory bowel disease, due to its relatively low level of clinical side effects and higher compliance in patients compared to drug therapy or surgical procedures. Ulcerative colitis (UC) is a nonspecific inflammatory bowel disease that afflicts millions of people worldwide. Many studies have reported that moxibustion is effective in UC. Nevertheless, there is little or insufficient information for evaluation of the effectiveness and therapeutic mechanism of moxibustion.

Research frontiers

The combination of genetic and environmental factors is widely accepted as the cause of UC. In the area of moxibustion treatment of UC, the research hotspot is to establish whether moxibustion is effective, and only rarely do studies focus on the underlying mechanisms of its therapeutic effects. 

Innovations and breakthroughs

The authors quantitatively investigated the efficacy of moxibustion in the treatment of UC rats by observing the changes in physical and biological parameters related to the immune system: disease activity index, colonic epithelial glandular arrangement, interleukin (IL)-8, IL-10, Toll-like receptor (TLR)9, and nuclear factor (NF)-κB p65. The results indicate that moxibustion improves disease activity of UC rats, repairs damaged colonic mucosa, suppresses secretion of serum IL-8 while activating that of IL-10, inhibits activation of NF-κB p65, and decreases expression of TLR-9 in UC rats. We also propose a connection between the therapeutic efficacy of moxibustion therapy effect and inflammatory responses. The results provide direct scientific evidence of why moxibustion is effective in the treatment of UC.

Applications 

This study provides quantitative information about the efficacy of moxibustion for future clinical practice. The efforts to probe into the comprehensive theoretical system of moxibustion treatment for UC offer direct scientific evidence of its therapeutic effects from a modern medicine perspective.

Terminology

Moxibustion is a traditional Chinese medicine technique that involves burning of mugwort (a small spongy herb) to facilitate healing, strengthen the blood, stimulate the flow of qi, and maintain general health. UC is one of the most common types of inflammatory bowel disease. UC affects the colon and rectum. The pathogenesis of UC mainly involves erosion and ulceration, with common clinical manifestations of diarrhea, weight loss, abdominal pain, bloody stools, fever, and fatigue.

Peer review

This was an interesting study about the roles of moxibustion in regulating IL-8, IL-10, TLR9 and NF-(B p65 in UC. The paper is well written. 
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Figure 1 Study design of moxibustion treatment in ulcerative colitis rats. Blank control (BC) indicates blank control group with normal rats. Model replication (MR) was model rats with UC. Waiting list control (WLC) was the waiting list control group in which UC rats did not receive moxibustion treatment. 3-min moxibustion (3M), 6-min moxibustion (6M) and 9-min moxibustion (9M) were 3-moxa, 6-moxa, and 9-moxa groups in which UC rats received different durations of moxibustion (3, 6 and 9 min) in each session (2 d). The whole moxibustion treatment course included 14 sessions from days 22 to 49.
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Figure 2 Comparison of disease activity index in ulcerative colitis rats before and after moxibustion treatment. Ulcerative colitis (UC) rats in the waiting list control (WLC) group did not receive moxibustion treatment. UC rats in the 3-min moxibustion (3M), 6-min moxibustion (6M) and 9-min moxibustion (9M) groups received 3, 6 and 9 min, respectively, in each treatment session. Values were the average of 14 sessions. Before treatment, there was no significant difference in disease activity index (DAI) among the groups. After treatment, significant differences (P < 0.05) in disease activity were found. In the 3M, 6M and 9M groups, DAI markedly decreased after moxibustion treatment. Error bar represents SD, and significance was assessed using least significant difference. 
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Figure 3 Histological feature and morphology of colonic tissue. A: Histological analysis of colonic tissue sections stained with HE. The finer details of the epithelial cells can be seen clearly; B: Morphology of colonic mucosal epithelia observed by electron microscopy. From left to right in both A and B: Blank control, waiting list control, 3-min moxibustion, 6-min moxibustion and 9-min moxibustion (9M) groups. Treatment in the 9M group gave the best results, which were close to the normal rats without ulcerative colitis. Black arrow: representative features of colonic tissue (magnification: A: 400 ×; B: 2000 ×).
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Figure 4 Interleukin-8 and interleukin-10 serum levels in normal rats (blank control), ulcerative colitis rats without (waiting list control) and with (3-min, 6-min and 9-min) moxibustion treatment. The measurements were done by ELISA. Moxibustion treatment increased secretion of interleukin (IL)-8 and inhibited that of IL-10. Significant differences in IL-8 and IL-10 of 3-min moxibustion (3M) vs blank control (BC), 6-min moxibustion (6M) vs BC, 9-min moxibustion (9M) vs BC, 3M vs waiting list control (WLC), 6M vs WLC, and 9M vs WLC were found with P < 0.01 for each comparison. For parallel comparisons, the differences in IL-8 and IL-10 levels were significant for 3M vs 6M (P < 0.01) and 3M vs 9M (P < 0.01). For better presentation, only partial comparisons are marked here. For 6M vs 9M, although the difference was no longer significant (P > 0.05), the tendency for IL-8 level to decrease and IL-10 level to increase was still noticeable.  

[image: image5.jpg]NF-«B P65 m 65 kDa




Figure 5 Expression of Toll-like receptor 9 (A) and nuclear factor-κB p65 (B) in colonic tissue of rats. A–E corresponds to the expression in colonic tissue of rats from blank control, waiting list control, 3-min, 6-min and 9-min moxibustion groups, respectively. Extracts of colonic tissues (approximately 25 μg) from normal or ulcerative colitis rats were assessed by sodium dodecyl sulphate polyacrylamide gel electrophoresis and were probed with Toll-like receptor (TLR) 9 as well as nuclear factor (NF)-κB p65 antibody. Antibody against β-actin was used as a loading control. 
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Figure 6 Effect of moxibustion on expression of Toll-like receptor 9 as well as nuclear factor-κB p65. Expression of Toll-like receptor (TLR)9 as well as nuclear factor (NF)-κB p65 showed significant differences among all moxibustion-treated groups [3-min moxibustion (3M), 6-min moxibustion (6M) and 9-min moxibustion (9M)] and moxibustion-free groups [blank control (BC) and waiting list control (WLC)] with P < 0.01 for each comparison. For parallel comparisons between the moxibustion-treated groups, the differences were still significant for 3M vs 6M (P < 0.05), 3M vs 9M (P < 0.05), and 6M vs 9M (P < 0.05). The results for ulcerative colitis (UC) rats in the 9M group were the closest to the normal rats (BC). The results implied that 9 min moxibustion treatment resulted in the best improvement of UC within the physical tolerance of UC rats.

Table 1 Ulcerative colitis disease activity index
	Rate of body mass loss 
	Fecal viscosity
	Rectal bleeding
	Rating

	None
	Normal
	None
	0

	1%–5%
	Low to medium
	Concealed hemorrhage
	1

	5%–10%
	Medium
	Concealed hemorrhage
	2

	10%–15%
	Slightly low
	Revealed hemorrhage
	3

	> 15%
	Low
	Revealed hemorrhage
	4
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