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Abstract

Irritable bowel syndrome (IBS) is a functional intestinal disease characterized by abdominal pain or discomfort and altered bowel habits. It has drawn great attention because of its high prevalence, reoccurring symptoms, and severe influence on patients’ lives. Many clinical studies have demonstrated the efficacy of acupuncture-moxibustion in treating IBS. Increasing attention has been paid to research regarding the action mechanisms of acupuncture-moxibustion for IBS, and the adoption of modern techniques has achieved some progress. This article reviews the latest advances among action mechanism studies from the perspectives of gastrointestinal motility, visceral hypersensitivity, the brain-gut axis, the neuroendocrine system, and the immune system. It is shown that acupuncture-moxibustion can effectively regulate the above items, and thus, this treatment should have a high efficacy in the treatment of IBS. This article also identifies existing problems in current mechanism research and raises several ideas for future studies. Further revelations regarding these action mechanisms will promote the application of acupuncture-moxibustion in treating IBS.
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Core tip: This is a review of the latest advances made towards identifying the action mechanisms of acupuncture-moxibustion in treating irritable bowel syndrome (IBS). How does this ancient therapy affect gastrointestinal motility, visceral hypersensitivity, the brain-gut axis, the neuroendocrine system, the immune system, and other factors involved in the pathogenesis of IBS? This paper details answers to these questions. 

INTRODUCTION

Irritable bowel syndrome (IBS) is a common chronic functional gastrointestinal condition that is majorly characterized by abdominal pain, bloating, and disturbed defecation and is coupled with psychological conditions. Falling under the scope of “abdominal pain”, “diarrhea”, or “constipation” in traditional Chinese medicine (TCM), it exists worldwide with a relatively high prevalence[1-3]. Because its recurrent symptoms severely affect the quality of life (QoL) of patients, driving them to consult extensive medical resources, IBS has drawn great global attention. A great amount of epidemiological research from various countries at different times has revealed that the prevalence and distributing characteristics of IBS vary according to different countries, regions, and populations. According to the Rome Ⅲ diagnostic criteria, the global IBS prevalence is between 5% and 20%[4,5].

The pathogenesis of IBS remains unknown. However, during recent years, pathophysiological research has increasingly indicated that multiple factors, such as genetic factors, psychological factors, diet, infections, immunity, and the brain-gut axis, can combine in a complex manner, leading to the visceral hypersensitivity and gastrointestinal dysmotility that are manifested by corresponding symptoms[6-9].

Acupuncture-moxibustion is a crucial part of TCM, comprising both acupuncture and moxibustion methods. As external treatments of TCM, acupuncture and moxibustion act by stimulating acupoints to unblock the meridians and collaterals, regulating the function of qi and blood, supporting health and expelling pathogens. When acupuncture needles are inserted into acupoints, needling manipulations, such as twirling and lifting-thrusting needles, are usually adopted to treat diseases. After the acupoints are targeted, moxibustion allows for the further treatment of diseases by the thermal stimulation generated by ignited moxa. Thus far, a large number of studies have proven the efficacy of acupuncture-moxibustion in attenuating the symptoms of IBS without producing obvious adverse effects[10]. Meta-analyses have also revealed that the therapeutic efficacy of acupuncture plus moxibustion is better than that of Western medications for IBS[11-14]. One clinical study also showed that acupuncture enhanced and extended the prescribed regimen’s efficacy in treating IBS[15]. As its therapeutic efficacy has been confirmed, the action mechanisms of this traditional therapy have become the focus of much current research. 

REGULATION OF GASTROINTESTINAL MOTILITY

The gastrointestinal dysmotility in IBS can be further classified into four groups based on their clinical features: spastic colon syndrome, functional diarrhea, diarrhea-predominant spastic colon syndrome, and midgut dysmotility[16]. Stress reactions can either enhance or attenuate dysmotility as well as subsequent symptoms. The pathophysiology of IBS involves dysmotility of both the colon and the small intestine, and the migratory motor complex (MMC) cycles have been reported to be shorter in diarrhea-predominant IBS (D-IBS) patients but longer in constipation-predominant IBS (C-IBS) patients[17]. 

In a clinical study, 10 patients with D-IBS conforming to the Rome Ⅲ diagnostic criteria received acupuncture and were observed for the changes in their borborygmus frequency and colonic peristalsis after acupuncture intervention. Compared with 10 healthy controls, the borborygmus frequency and colonic peristalsis were significantly higher before acupuncture (P < 0.01). However, after the acupuncture treatment, the two metrics of the IBS patients had been downregulated (P < 0.05). These results indicate that acupuncture can immediately regulate colonic peristalsis in D-IBS patients[18]. An electrocolonogram (ECOM) revealed that acupuncture at Zusanli (ST 36) (Figure 1A) was able to produce a virtuous bidirectional regulation of the ECOM in IBS cases of different TCM syndromes. Before treatment, IBS patients with splenic deficiency due to dampness had a decreased frequency of peak (Fp) in the sigmoid colon, suggesting that the tension of sigmoid colon should be low. The amplitude of peak (Ap), Fp, and the average zero-crossing frequency (Fz) increased after acupuncture, revealing that acupuncture at ST 36 can enhance colon contraction. In contrast, Ap, Fp, and Fz were abnormally high in IBS patients due to liver-intestine qi stagnation before acupuncture, suggesting that the sigmoid colon was hyperactive and the intestine wall was extremely contracted. After acupuncture, Ap, Fp, Fz dropped significantly, revealing that acupuncture at ST 36 downregulated colonic motility[19].

In animal experiments, IBS rat models were designed to observe the effect of electroacupuncture on intestinal dysmotility. Bilateral ST 36 and Shangjuxu (ST 37) (Figure 2A) were treated with electroacupuncture by selecting sparse-intense waves [100 Hz/2 Hz; 1, 2, 3 mA (increased by every 10 min)]. Each session lasted 30 min, and sham electroacupuncture was adopted in the controls. Compared with normal controls before treatment, the colonic peristalsis was significantly higher in adult IBS rats (P < 0.05). After 30 min of electroacupuncture treatment, the colonic peristalsis of the IBS rats had dropped (P < 0.05), while the IBS rats in the sham electroacupuncture group showed no obvious changes in colonic peristalsis (P > 0.05). The above study showed that IBS rat models had an abnormally increased intestinal motility that was significantly suppressed by electroacupuncture[20]. Another experiment revealed that herb-partitioned moxibustion can enhance gastric emptying and small intestinal propulsion in rats with functional gastrointestinal disorders (FGIDs) due to liver depression and spleen deficiency[21]. 

The above studies all illustrate that acupuncture-moxibustion has positive regulatory effects on gastrointestinal dysmotility, constituting one of the most crucial mechanisms of acupuncture-moxibustion in treating IBS.

REGULATION OF VISCERAL HYPERSENSITIVITY
Visceral hypersensitivity refers to the decreased pain threshold of inner organs and more intense experience of stimuli. IBS patients of various subtypes and healthy volunteers underwent rectal noxious stimulation with an air balloon and a water balloon. IBS patients were found to have significantly lower thresholds for abdominal discomfort than healthy volunteers, and the hypersensitivity subgroups had significantly lower thresholds than the normosensitive subgroups[22,23]. Another study discovered that hypersensitive IBS patients had more severe gastric conditions than normosensitive patients[24]. 

A clinical study on D-IBS found that transcutaneous electrical acustimulation (TEAS) at Neiguan (PC 6) (Figure 1B) and ST 36 significantly increased the threshold for the rectal sensation of gas, the desire to defecate, the sensation of pain, improved rectal perception, and attenuated visceral hypersensitivity[25]. D-IBS patients usually experienced the urge to defecate and a decreased pain threshold. Short-term transcutaneous electrical nerve stimulation (TENS) was able to increase the threshold of rectal perception. After a 2-mo TENS intervention, the threshold of rectal perception had obviously increased in the D-IBS patients, while the defecation frequency and pain intensity had obviously decreased. The psychological scores dropped to a normal level[26]. In animal experiments, the abdominal withdrawal reflex (AWR) and abdominal myoelectric activity (AMA) were adopted to evaluate intestinal sensitivity. Studies on electroacupuncture or moxibustion as IBS interventions all showed that the acupuncture-moxibustion effectively alleviated visceral hypersensitivity in IBS rats[27-30].

REGULATION OF THE BRAIN-GUT AXIS AND THE NEUROENDOCRINE SYSTEM

The role of the brain-gut axis has drawn great attention regarding the pathogenesis of IBS. Because the inducing factors of IBS, such as gastrointestinal dysmotility, visceral hypersensitivity, infection, and mental conditions, are all included in this system, the potential for breakthroughs in studying the pathogenesis of IBS is considerable. The brain-gut axis is a complex, bidirectional signaling system between the central nervous system (CNS) and the gastrointestinal system. The regulation of gastrointestinal function via the brain-gut axis is called brain-gut interaction. 

Regulation of brain-gut peptides

Brain-gut interaction is realized by multiple neural transmitters that reside in the endocrine cells of the CNS, enteric nervous system (ENS) and the gastrointestinal tract. They work as both neurotransmitters and hormones and are termed brain-gut peptides. Brain-gut peptides work extensively to regulate gastrointestinal activities and are thus closely related to IBS. The major excitatory neurotransmitters include histamine, 5-HT, substance P (SP), calcitonin gene-related peptide (CGRP), and corticotropin-releasing factor-related peptide (CRF). The major inhibitory neurotransmitters include cholecystokinin (CCK), NO, norepinephrine (NE), and vasoactive peptide (VIP)[31]. 

Approximately 95% of 5-HT arise from the enterochromaffin cells (EC) of the intestinal mucosa, which are involved in the regulation of intestinal movement and perception. Changes in the 5-HT signal system are among the pathophysiological feature of IBS[32]. A clinical study was conducted to observe the change in colonic mucosal 5-HT among D-IBS patients and to assess the efficacy of herb-partitioned moxibustion. The results showed that IBS patients had a significantly increased expression of 5-HT in the colonic mucosa, while herb-partitioned moxibustion simultaneously improved IBS symptoms and downregulated the level of 5-HT[33]. Meanwhile, herb-partitioned moxibustion has been shown to downregulate the concentration of serum 5-HT in IBS patients[34]. Laboratory studies[35,36] also discovered that electroacupuncture enhanced the pain threshold of rats with chronic visceral hypersensitivity (CVH), downregulated the abnormally increased 5-HT level in colons, and enhanced the expression of 5-HT4 receptor and serotonin transporter (SERT), although the 5-HT3 receptor was insignificantly influenced. Therefore, we can conclude that electroacupuncture improves visceral hypersensitivity and stress-induced colonic dysfunction via the 5-HT signal system. Another study also showed that both herb-partitioned moxibustion and suspended moxibustion can increase the pain threshold and relieve hypersensitivity in CVH rats[37]. 

CRF and its receptor both play important roles in the onset and development of IBS and may work synergistically via the CNS and peripheral systems[38]. As a key factor in the pathogenesis of IBS[39], CRF can induce repeated defecation in rats and mice, although this activity can be blocked by its antagonist[40]. CRF also alters the rectal perceptions of human beings[41]. Anxiety, depression, altered colonic movement, and visceral algesthesia are involved in the CRF/CRF1 signal pathway in the brain, whereas the activation of central and peripheral CRF2 receptor can inhibit this pathway[42]. We discovered that electroacupuncture effectively downregulated the hypothalamic CRF concentrations of CVH IBS rats[43]. The TENS-related experiment also confirmed that TENS can downregulate the hyper-expression of CRF in the PVN of rats[44].

Moreover, the concentrations of other brain-gut peptides, e.g., SP, VIP, and neuropeptide Y (NPY), are also changed in IBS patients, and these changes all play crucial roles in the pathogenesis of IBS[45]. It has been reported that electroacupuncture can regulate the secretion of colonic SP, SP receptor, and VIP in CVH IBS models[46]. It has also been found that acupuncture at ST 37 can reduce the concentrations of serum motilin (MTL) and somatostatin (SS) in CVH IBS rats[47]. A D-IBS model was developed by chronic mild restraint stress plus neonatal maternal separation and gastric administration of Fan Xie Ye (Folium Sennae) to observe the effect of acupuncture at bilateral ST 36 and Taichong (LR 3) (Figure 2B). The results showed that acupuncture at ST 36 and LR 3 inhibited the production of SS, SP, and VIP while increasing the level of NPY, which may be related to the efficacy of acupuncture in treating IBS[48,49]. Moreover, the effect of acupuncture on brain-gut peptides may be specific. A study observed the effect of electroacupuncture at ST 36 and Hegu (LI 4) (Figure 2B) on colonic NPY and SS of IBS rats prepared by the rectal administration of acetic acid (AA). The results showed that, after electroacupuncture, the hypothalamic NPY increased significantly in both electroacupuncture groups, while the colonic NPY level showed no obvious change. The colonic SS decreased in both electroacupuncture groups after intervention, while the plasma SS level only dropped significantly in the electroacupuncture group of ST 36, not in the LI 4 group[50]. 

The above results indicate that acupuncture-moxibustion can improve intestinal motility and visceral sensitivity by regulating brain-gut peptide levels in the CNS, intestines, and blood. 

Regulation of nervous system

Effect on brain activation: IBS patients all experience visceral hypersensitivity of different levels. Over the recent years, studies on CVH IBS have proven that the abnormal activities of pain processing systems, including the anterior cingulate cortex (ACC), prefrontal cortex, insular cortex, thalamus, dorsal pons, and periaqueductal gray matter, are more or less associated with the IBS pathogenesis[51-53].

Functional magnetic resonance imaging (fMRI) has realized its capacity for non-invasive study on the effect of acupuncture-moxibustion on brain activation in IBS patients. By using PET to observe the functional changes of the visceral sensory center under rectal distension in D-IBS patients and the effect of electroacupuncture at Tianshu (ST 25) (Figure 1C) on the visceral sensory center, the study revealed that IBS patients had an increased glucose metabolism in the bilateral superior temporal gyri, right middle occipital gyrus, right superior frontal gyrus, and bilateral middle frontal gyri, but not in the visceral sensory center. Rectal distension enhanced the glucose metabolism in the prefrontal cortex, left cingulate gyrus, anterior and posterior central gyri, and temporal gyrus and also activated part of the visceral sensory center, including the anterior cingulate gyrus. Electroacupuncture at ST 25 significantly downregulated the glucose metabolism in the left cingulate gyrus, right insula, right parahippocampal gyrus, precuneus, and right caudate nucleus[54]. SPECT was adopted to observe the effects of eye acupuncture on cerebral blood flow in D-IBS patients. It was discovered that the blood flow in bilateral thalamus dropped significantly after eye acupuncture, indicating that a reduction of the blood flow in specific brain regions was involved in the action mechanisms of eye acupuncture in treating D-IBS[55]. Researchers once used fMRI to observe the effect of electroacupuncture and sham electroacupuncture on brain activities in IBS patients in different sessions (pre-intervention, during intervention, and post-intervention). A blank control group was set up for comparative study. Of the participants who underwent rectal distention, there was no regional difference in brain activation between the electroacupuncture and sham electroacupuncture groups at baseline. In the electroacupuncture group, increased brain activation from the baseline was observed in the perigenual cingulate cortex, the bilateral prefrontal cortex and the temporal lobes, while high activation was noted at the right insula and bilateral somatosensory cortex during intervention. In the sham electroacupuncture group, increased brain activity was observed only in the anterior cingulate cortex, bilateral prefrontal cortex and left somatosensory cortex. The electroacupuncture group had significantly higher brain activation in the right insula and thalamus than the sham electroacupuncture group. After intervention, the brain activation in the electroacupuncture group significantly dropped in all regions; however, in the sham electroacupuncture group, the brain activation decreased in the temporal lobes and anterior cingulate gyrus but increased in the prefrontal cortex. No significant difference in brain activation was detected between the two groups. Of the participants who did not receive a rectal distension, there was no significant difference in the brain activation between the electroacupuncture and sham electroacupuncture groups, regardless of the different sessions[56]. 

The locus ceruleus is a nucleus located on the brain stem and plays an important role in producing norepinephrine. It is also closely related to stress reactions. When observing the effects of electroacupuncture at ST 37 on the neuronal discharge of the locus ceruleus in rats with acute restraint stress undergoing noxious rectal distension, scholars found that acupuncture at ST 37 inhibited the neuronal discharge that was activated by noxious rectal distension (P < 0.01). This result indicates that electroacupuncture may regulate rat colonic functions by downregulating the activation of neurons in the locus ceruleus[57]. A novel study observed the excitability of visceral sensory neurons in the rostral ventromedial medulla (RVM) and the N-methyl-D-aspartate receptor 1 (NR1) in IBS rats, before and after electroacupuncture at ST 36 and ST 37. It was noted that electroacupuncture significantly inhibited the hyper-excitability of the neurons and the expression of NR1 in RVM. This result suggests that the inhibition of NR1 should be an important factor in reducing the hyper-excitability of the neurons in RVM, as well as one of the action mechanisms of acupuncture in alleviating visceral hyperalgesia[58]. 

Regulation of neuronal excitability in spinal cord: The dorsal horn of the spinal cord is a crucial contributor to visceral and somatic perception. Thick myelinated primary afferent fibers (A, ) and thin myelinated/unmyelinated primary afferent fibers (A and C), projection neurons (T), and inhibitory interneurons in the substantia gelatinosa form a neural web for the segmental regulation of the spinal cord. In IBS, the increased response of dorsal horn cells to the current afferent impulses and old under-threshold afferent impulses leads to an increased response to non-noxious stimulation, enlarged perception region, and decreased activation threshold. An action mechanism study on acupuncture-moxibustion for alleviating visceral hyperalgesia adopted colorectal distension (CRD) as the noxious stimulation. The study found that CRD activated the convergent neurons in the dorsal horn; the mechanical stimulation to contra-lateral body surface and hand acupuncture at ST 36 inhibited this noxious response. Thus, acupuncture and noxious stimulation are believed to meet and interact on the level of the spinal cord, and acupuncture can inhibit the neuronal activation induced by noxious stimulation in an action involving the spinal cord at even higher levels[59]. C-Fos is a proto-oncogene that is the human homolog of the retroviral oncogene v-fos. The expression of the c-fos protein is strengthened during neuronal activation, and its production is considered the biological marker for the activation of nociceptive neurons[60]. Compared to normal rats, CVH IBS rats had significantly more activated c-fos neurons in the superficial laminae (SDH, laminae Ⅰ and Ⅱ), nucleus proprius (NP, laminae Ⅲ and Ⅳ), and neck of the dorsal horn (NECK, laminae Ⅴ and Ⅵ) in the spinal segments of L6-S2 and in the neck of the dorsal horn of T13-L2 (P < 0.05). Electroacupuncture significantly downregulated the number of activated neurons of c-fos in the SDH, NP, and NECK of L6-S2 and in the sub-region of NECK of T13-L2 (P < 0.05). Sham electroacupuncture produced no notable effects on the expression of c-fos protein. Therefore, electroacupuncture can significantly inhibit the hyper-excitability of visceral sensory neurons in the dorsal horns of IBS rats, which qualifies as one of the action mechanisms of acupuncture in attenuating chronic visceral hyperalgesia[61]. 

In addition, the N-methyl-D-aspartic acid (NMDA) receptor (NR) also participates in the sustainment of functional chronic visceral hyperalgesia. As an excitatory neurotransmitter receptor in the CNS of mammals, the NMDA receptor mediates the excitability of glutamic acid and other endogenous acidic amino acids. A hetero-oligomer composed of NR1 and NR2, NMDAR is widely distributed in the brain, spinal cord, and peripheral nervous system. NR1 is an essential component, while NR2 modulates the functional feature of the whole receptor[62]. The phosphorylation site of the NMDA receptor is located on serine-896, a sub-unit of NR1. Its phosphorylation is involved in the regulatory effect of orphanin on pain perception in the spinal cord, and the activated receptor plays a specific role in the development of visceral hyperalgesia[63]. Zhou et al[64] prepared IBS CVH models using neonatal SD rats at the age of 9 d. The study showed that the rat models had significantly higher expressions of NR1 mRNA in the lumbar enlargement of the spinal cord than normal controls (P < 0.05). While pre-treatment with electroacupuncture downregulated these expressions to a normal level, sham-electroacupuncture had no obvious effect. These results indicate that electroacupuncture could realize its efficacy in treating IBS CVH by regulating the expressions of NR1 mRNA in the spinal cord. Tian et al[65] conducted a controlled study by giving electroacupuncture and sham electroacupuncture to rat models of IBS CVH, discovering that electroacupuncture downregulated the phosphorylation of NR1 in rats’ L4-5. Hence, the effect of electroacupuncture in alleviating CVH should be related to the downregulation of the phosphorylation of the NMDA receptor in the spinal cord. 

Regulation of the ENS: The ENS plays an important role in the pathogenesis of IBS. The ENS is embedded throughout the intestine wall, from the mucosa to the serosa. Its sensory neurons report on the mechanical and chemical conditions, while the motor neurons control peristalsis and secretion[66]. ENS is composed of submucosal and myenteric plexuses. The submucosal plexuses are located in the submucosa, with motor neurons producing acetylcholine (ACh) and VIP; the myenteric plexuses are located between the inner and outer layers of the muscularis externa and contain excitatory neurons (transmitted by ACh, SP, etc.) and inhibitory neurons (transmitted by VIP, NO, etc.). The ENS is mainly in charge of peristalsis and secretions, as well as the regulation of visceral sensitivity. The reduction of neurons in the submucosal and myenteric plexuses has been discovered to be the plausible common pathogenic factor of D-IBS and C-IBS[67,68]. Electroacupuncture can increase the number of neurons in the myenteric plexuses of C-IBS rats[69], but the effect of acupuncture-moxibustion on the ENS neurons of D-IBS rats requires further study. ENS also regulates certain gastrointestinal activities via neurotransmitters, such as 5-HT, Ach, norepinephrine (NE), ATP, and multiple neuropeptides. Acupuncture-moxibustion produces a positive regulatory effect on the intestinal secretion of 5-HT, SP[36], SPR, VIP[46], SS[48], NPY[49], and AchE[70]; therefore, this procedure is able to correct the gastrointestinal dysmotility and visceral hypersensitivity.

Regulation of intestinal endocrine cells

EC is the predominant endocrine cell in the intestine. With the largest number and broadest distribution, ECs work to synthesize and contain 5-HT and produce peptides such as SP. Many studies[71,72] have shown that IBS patients can significantly increase the number of active ECs. C-IBS rat models were developed by the gastric administration of normal saline at 0 ℃-4 ℃ to observe the effects of electroacupuncture on the activation of colonic EC. The mean optical density (MOD) of the colonic EC has also been found to be significantly increased in the model rats (P < 0.05), and electroacupuncture has been shown to downregulate this increased MOD (P < 0.05). These results indicate that the correction of the abnormal status of the colonic EC may be one of the action mechanisms of electroacupuncture in treating C-IBS[73]. A study with IBS rat models developed by restraint and stress also showed that IBS rats increased the expression of the colonic EC, while eye acupuncture effectively downregulated these levels[74]. 

REGULATION OF IMMUNOLOGICAL FUNCTION

The activation of the immune system is deeply involved in IBS[75] and is majorly manifested by the abnormal expression of immune cells and active substances, e.g., T-lymphocytes and the subgroups, immunoglobulins, inflammatory cytokines, etc. A study determined the concentrations of serum IgM, IgG, IgA, C3 and C4, as well as the subgroups of T-lymphocytes in IBS patients, before and after herb-partitioned moxibustion. The results showed that IBS patients had significantly higher serum IgM concentrations than the normal controls, while the IgG, IgA, C3, and C4 concentrations were statistically equal between the two groups. The IgM levels remarkably decreased after herb-partitioned moxibustion, while the concentrations of the other items remained the same. The lymphocyte transformation of the IBS patients was significantly lower than that of the normal controls, and moxibustion restored the lymphocyte transformation to approach normal levels. Herb-partitioned moxibustion also significantly increased the T8+ in peripheral blood (P < 0.01), and the abnormal ratio of T4+/T8+ was effectively corrected. These results indicate that herb-partitioned moxibustion can correct the abnormal immune dysfunction of IBS[76]. IL-18, IL-23, and TNF- are pro-inflammatory mediators. It has been reported that acupuncture-moxibustion can downregulate the expressions of serum IL-18, IL-23, and TNF- in elderly IBS patients[77]. 

As a key cell in inducing intestinal dysfunction and paresthesia, the mast cell (MC) plays a crucial role in the immunopathological changes of IBS. The activated intestinal mucosal MC participates in the formation of visceral hypersensitivity in IBS, which constitutes a key portion of the pathogenesis of IBS[78]. It was found that CVH IBS rats had significantly lower visceral pain thresholds and an increased number of colonic mucosal MC compared to normal controls. Concurrently, electroacupuncture markedly reduced the number of MC, indicating that electroacupuncture can effectively regulate the production of colonic MC[27,46].

INTESTINAL FLORA IMBALANCE

The composition of the intestinal flora varies in individuals. IBS patients have been shown to lack Lactobacilli and Bifidobacterium[79]. Other scholars have found that the over-growth of small intestinal bacteria may also represent an important factor in inducing IBS[80]. Little research has reported on acupuncture-moxibustion interventions for IBS. However, Wang et al[81] found that the prevalence of Lactobacilli and Bifidobacterium increased in rats with ulcerative colitis (UC) after herb-partitioned moxibustion, indicating that moxibustion can produce certain regulatory effects on the intestinal flora. However, further evidence supporting this indication is required. 

OTHER ACTION MECHANISMS

Aquaporins (AQP) are integral membrane proteins from a larger family of major intrinsic proteins (MIP) that form pores in the membranes of biological cells. AQP3, AQP8, and AQP4 are broadly resident in human intestinal tissues, where they work to regulate the absorption and secretion of the intestines. By developing diarrhea-predominant IBS rat models with chronic stress and restraints, scholars found that IBS rats had significantly lower expressions of colonic AQP8 and AQP3 mRNA and protein. However, as eye acupuncture significantly increased the expressions of colonic AQP8 and AQP3 mRNA and protein, we believe that fluid transportation disturbances mediated by AQP8 and AQP3 could possibly be an important factor in developing diarrhea-predominant IBS models. The action mechanisms of eye acupuncture for IBS may involve the regulation of the expressions of colonic AQP8 and AQP3[82,83]. 

Due to the shortage of free radical scavengers in the blood of IBS patients, gastrointestinal nerves are easily damaged by free radicals. Scholars have investigated the relationship between free radicals and IBS, as well as the effects of acupuncture-moxibustion treatment, by determining the levels of spasm superoxide dismutase (SOD), malonyldialdehyde (MDA), and NO in IBS patients. The results showed that acupuncture-moxibustion is effective in treating IBS. Spasm SOD was significantly increased, while MDA and NO were significantly decreased after acupuncture-moxibustion. These data suggest that acupuncture-moxibustion can enhance the antioxidant capacity of the body, eliminating the accumulated free radicals and maintaining the stability of the intracellular environment and the functional status of the body[84]. 

CONCLUSION

Despite the high prevalence and vast influence of IBS, its pathophysiological action mechanisms have not been clearly understood. None of the theories put forth in the past, including intestinal dysmotility, visceral hypersensitivity, interaction of brain-gut, and dysimmunity, can fully explain the pathogenesis of IBS, as this entity is likely due to the interactive contributions of multiple factors. This article has reviewed the action mechanisms of acupuncture-moxibustion for IBS regarding the regulation of gastrointestinal motility, visceral hypersensitivity, brain-gut axis, neuroendocrine, and immunity and suggests that the treatment efficacy should be closely related to the regulation of the above aspects (Figure 3). Based on the current research, we can see that the study of the mechanisms used by acupuncture-moxibustion to treat IBS has been thoroughly pursued. The particular accomplishments of this research have provided scientific evidence to elucidate IBS’s action mechanisms. 

As acupuncture-moxibustion treats the body as a whole system through acupoints, its action mechanisms for the treatment of IBS could involve multiple segments, layers, and targets. Indeed, the current literature supports this perspective. These mechanisms were studied from various disciplinary perspectives and the variety of acupuncture-moxibustion methods makes it impossible to study systemic and comprehensive issues related to the action mechanisms of this method. Meanwhile, separate from medications, acupuncture-moxibustion is efficacious because it stimulates acupoints on the surface of body. Current studies have mainly focused on the regulation and mechanisms of the target organs after acupuncture-moxibustion has stimulated the appropriate acupoints. However, the precise action mechanisms of acupuncture-moxibustion used to stimulate the acupoints and the pathways through which IBS can be managed remain unknown. These questions still require further research to properly address them. Furthermore, both acupuncture and moxibustion, either in combination or alone, are effective in attenuating the symptoms of IBS. Is there actually any difference between these two treatments in activating acupoints and intervening in IBS? Although acupuncture and moxibustion both act through acupoints, they stimulate the acupoints in different ways, acupuncture through mechanical stimulation and moxibustion through thermal stimulation. Each of these questions should be kept in mind during further investigations. Moreover, we lack a universally approved IBS animal model[85]. The current models cannot fully reflect the clinical manifestations and pathogenic mechanisms of IBS. The use of different animal models and varying acupuncture-moxibustion methods has also caused the current research to be open to doubt and difficult to replicate. The ideal IBS animal model must integrate all of the associated factors of IBS, including its physiology, cognition, emotion, behavior, etc.[86,87]. 

By clarifying of the etiology and pathogenesis of IBS, establishing an ideal IBS animal model, standardizing an acupuncture-moxibustion intervention, and applying modern medical research methods and results, we should be able to better study the action mechanisms of acupuncture-moxibustion in the treatment of IBS and in the activation of acupoints, which will also help promote the application of acupuncture-moxibustion in the treatment of IBS.
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FIGURE LEGENDS
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Figure 1  Acupoints of human. A: Acupoint Zusanli (ST 36); B: Acupoint Neiguan (PC 6); C: Acupoint Tianshu (ST 25). 
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Figure 2  Acupoints of rat. A: Acupoint Zusanli (ST 36) and Shangjuxu (ST 37); B: Acupoint Taichong (LR 3) and Hegu (LI 4). 
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Figure 3  Multiple regulating channels of acupuncture-moxibustion in treating irritable bowel syndrome. IBS: Irritable bowel syndrome; AQP: Aquaporins.
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