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Abstract

AIM: To investigate whether electroacupuncture (EA) at ST25 affects jejunal motility in vivo and if so, whether a sympathetic pathway is involved.

METHODS: Jejunal motility was assessed using a manometric balloon placed in the jejunum ap​proximately about 3-5 cm away from the suspensory ligament of the duodenum in anesthetized animals. The effects of EA at ST25 were measured in male Sprague-Dawley rats, some of which were treated with propranolol or clenbuterol (EA intensities: 1, 3, 5, 7, and 9 mA), and in male transient receptor potential vanilloid-1 (TRPV1) (capsaicin receptor) knockout mice (EA intensities: 1, 2, and 4 mA).

RESULTS: Anesthetized rats exhibited three types of fasting jejunal motor patterns (types A, B, and C), and only type C rats responded to EA stimulation. In type C rats, EA at ST25 significantly suppressed the motor activity of the jejunum in an intensity-dependent manner. The inhibitory effect of EA was weakened by propranolol ( adrenoceptor antagonist) and disappeared with clenbuterol ( adrenoceptor agonist) induced inhibition of motility, suggesting that the effect of EA on motility is mediated via a sympathetic pathway. Compared with wild-type mice, EA at ST25 was less effective in TRPV1 knockout mice, suggesting that this multi-modal sensor channel participates in the mechanism. 

CONCLUSION: EA at ST25 was found to inhibit jejunal motility in an intensity-dependent manner, via a mechanism in which sympathetic nerves and TRPV1 receptors play an important role.
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Core tip: Evidence from clinical studies has shown that acupuncture on the abdomen was effective for both diarrhea and abdominal pain, suggesting that acupuncture at this point may inhibit gastrointestinal motility. However, its mechanism has not been established. In this work, we concluded that abdominal electroacupuncture (EA) (at ST25) may alter jejunal motility via a somatosympathetic reflex, and that transient receptor potential vanilloid-1 may serve as an EA-responsive channel mediating this reflex. 
INTRODUCTION

Intestinal motility is one of the most critical physiological functions for transportation and absorption of food. Intestinal dysmotility occurs in a range of diseases[1-5], including chronic intestinal pseudo-obstruction, chronic constipation, and irritable bowel syndrome (IBS), and symptoms include abdominal pain, nausea, and constipation. As one of the major pathophysiological features of functional gastrointestinal disorders, intestinal dysmotility is becoming a serious public health problem[6] resulting in decreased quality of life of individuals and an economic burden, however, at present, options for treatment are limited[5].

Acupuncture is a traditional medical treatment that has been practiced in China for thousands of years. It is becoming increasingly accepted and has even been practiced in emergency departments to treat gastrointestinal symptoms[7]. Its therapeutic effects on vomiting and nausea were first formally confirmed in November 1997[8]. A considerable number of studies have shown that electroacupuncture (EA) has therapeutic effects on gastrointestinal disorders[9-15]; examples include restoration of impaired gastric accommodation in vagotomized dogs and amelioration of impaired gastric motility and slow waves induced by rectal distension. The mechanism of such effects has mainly been attributed to modulation of the autonomic nervous system[16,17]. 

Evidence from clinical studies has shown that acupuncture on the abdomen was effective for both diarrhea and abdominal pain, suggesting that acupuncture at this point may inhibit gastrointestinal motility and/or reduce gastrospasms[10,18,19]. In animal models, it was found that acupuncture at the hind paw increased gastric and duodenal motility via parasympathetic pathways, whereas application of acupuncture at the abdomen showed an inhibitory effect by increasing sympathetic activity[8]. However, little effort has been made to investigate the effect of EA on jejunal motility.

Activation of A- and C-fibers forms the basis of acupuncture’s effects on autonomic nervous function[20]. The capsaicin receptor or transient re​ceptor potential vanilloid-1 (TRPV1) is a member of the TRP-cation-channel superfamily[21], and it is mainly expressed in A- and C-fibers. TRPV1 acts as a sensor for heat, pH, and inflammation[22], and it has also been shown to participate in mechanosensation[23]; therefore, TRPV1 channels could be affected by the physical stimulation associated with acupuncture, thus producing an autonomic response[24]. 

We hypothesized that abdominal EA (at ST25) may alter jejunal motility via a somatosympathetic reflex, and that TRPV1 may serve as an EA-responsive channel mediating this reflex.

MATERIALS AND METHODS

Animals and ethics statement

Sprague-Dawley rats (male, 180-230 g) were pur​chased from the Model Animal Research Center of Nanjing Medical University (Nanjing, China; license number: SCXK 2013-0005). 

TRPV1-/- mice (male, 22-28 g, B6.129X1-TRPV1tm1Jul/NJU, J003770) and their wild-type counterparts (WT male, 22-28 g) were purchased from the Model Animal Research Center of Nanjing University (Nanjing, China).

All animals had free access to food and water, and were housed under controlled environmental conditions (22 ℃, 40%-60% relative humidity, 12/12 h light/dark cycle). After two weeks of feeding adaptation, animals were used for our experiments. 

Drugs

The drugs used in the experiments were urethane (U2500, Sigma, St. Louis, MO, United States), pro​pranolol hydrochloride (P0084, Sigma), and clenbuterol hydrochloride (C5423, Sigma). The concentration and doses of the drugs were as follows: urethane (20%; 0.8 g/kg), propranolol (0.4%; initial dose, 1.0 mL·kg-1; maintenance dose, 40 L·min-1·kg-1), and clenbuterol (0.2%; maintenance dose, 80 L·min-1·kg-1).

Experimental procedure

The animals were fasted overnight with free access to water and then anesthetized with urethane (ip). The trachea was cannulated to keep the respiratory tract unobstructed. A catheter was inserted into the left jugular vein for drug administration. A small incision was made in the jejunum, about 3-5 cm away from the suspensory ligament of the duodenum. A small balloon made of flexible condom rubber was inserted into the jejunal area via the incision. The pressure in the balloon was measured by a transducer (YP201; Chengdu Instrument Factory, Chengdu, China) and the signal was collected with a physiological signal-acquisition system (RM6240; Chengdu Instrument Factory) for further analysis. The jejunal baseline pressure was kept between 0.8 and 1.0 kPa. During the experiment, the animal was kept on an electric heating board to maintain a temperature of 37 ℃ ± 0.5 ℃.

The experimental time course for the EA-only rodent (no drugs) is shown in Figure 1A, while that for rats treated with both EA and drugs is shown in Figure 1B. Different intensities of EA (1, 3, 5, 7, and 9 mA for rats; 1, 2, and 4 mA for mice) were applied at ST25 in an ascending order. The higher intensity stimuli could only be applied when jejunal motility recovered to the baseline. 

EA stimulation

A pair of needles (diameter, 0.3 mm) were inserted (approximately 5 mm deep) into the unilateral Tianshu point (ST25). ST25 was located bilaterally, 5 mm lateral to the intersection between the upper 2/3 and the lower 1/3, in the line between the xiphoid process and the pubic symphysis upper border[25]. EA was performed at unilateral ST25 for 2 min. The needles were connected to a Han electroacupuncture therapeutic apparatus (LH402A; Beijing Huawei Industrial Development Corporation, Beijing, China). The parameters were set as follows: pulse duration: 1 ms; pulse frequency: 2 Hz and 15 Hz alternate; wave form: square wave.

Assessment of jejunal motility

The average amplitude over two minutes of jejunal motility (contractions; kPa) during EA was compared with the basal amplitude (pre EA, average amplitude over two minutes). If a decrease of over 5% was observed versus the basal amplitude[16], the response was considered to be inhibited. Equation (1) was fitted to the percentage decrease of amplitude.

[image: image2.png]y - EA-PreBA 009 (1)
preEA




Statistical analysis 

Data were analyzed using SPSS 18.0 software (SPSS, Chicago, United States). Differences between two groups were compared using an independent-sample t test. P < 0.05 was considered statistically significant. All data are expressed as mean ± standard error (SE). The data-curve fitting for different inten​sities used equation (2):
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where X is log of intensity, Y is response, decreasing as X increases, Top and Bottom are plateaus in the same unit as Y, and LogIC50 uses the same log unit as X.

RESULTS

Characteristics of the fasting jejunal motility 

In anesthetized rats, three types of fasting jejunal motor patterns were generally observed under resting conditions (Figures 2 and 3). Type A showed a quiescent period with virtually no contraction when balloon pressure was increased to 0.8-1.0 kPa by expanding the volume of the balloon to 0.1 mL with warm water. Type B showed arrhythmic contractions at a frequency of 1-2/min, and the contractile amplitude was about 0.4-0.8 kPa. Type C showed cyclic contractions at a frequency of 3-8/min, and the contractile amplitude was about 0.5-1.0 kPa.

In the resting condition of anesthetized mice, no typical jejunal motor patterns described above but arrhythmic jejunal contractions at a frequency of 12-30/min were observed in the TRPV1-/- and WT mice, and the contractile amplitude was approximately 0.05-0.15 kPa, when balloon pressure was maintained at about 0.1-0.2 kPa by filling the balloon with 0.05 mL of warm water (Figure 4A and B). The jejunal motility observed in TRPV1-/- and WT mice showed no visible difference.

Effect of EA at ST25 on the jejunal motility of types A and B rats 

To investigate the effect of EA at ST25 on jejunal motility, different stimulation intensities (1, 3, 5, 7, and 9 mA) were applied to the needles inserted in the rat abdomen. EA stimulation showed no effect on jejunal motility at any intensity in types A (n = 8; Figure 3A) and B rats (n = 8; Figure 3B). 

Effect of EA at ST25 on the jejunal motility of type C rats

Compared to type C rats (n = 8), EA at ST25 significantly suppressed jejunal motor activity at all intensities except 1 mA (Figure 5A), and the logIC50 value of the stimulation was 2.90 ± 0.15 mA (Figure 5B). An important feature of the EA effect was its dependence on stimulation intensity. Jejunal contraction amplitude decreased with increasing EA intensity, in a sigmoidal manner down to a plateau at intensities ≥ 5 mA. 

Effect of propranolol and clenbuterol on EA-induced inhibition of jejunal contraction

To determine whether sympathetic pathways were involved in the effect of EA at ST25 in regulating jejunal motility, either the  adrenoceptor antagonist, propranolol (n = 8), or the  adrenoceptor agonist, clenbuterol (n = 8), was administered before EA on type C rats. After administration, different EA intensities (1, 3, 5, 7, and 9 mA) were applied to rats in an ascending order. The propranolol results produced a curve with a similar shape to that for the drug-free rats, but the logIC50 value was about 6% higher at 3.06 ± 0.18 mA (Figure 5C and D). Propranolol significantly reduced the EA effect at all intensities above 1 mA (Figure 6A-D). On the other hand, clenbuterol alone almost completely inhibited motility, and EA at ST25 did not modify this effect significantly (Figure 5E, 5F, 6A-D). Taken together, these results suggest that sympathetic pathways may mediate the inhibitory effect of EA.

Effect of EA at ST25 on jejunal motility in TRPV1 knockout mice 

To explore the afferent pathway underlying the EA stimulation in regulating jejunal motility, TRPV1 knockout mice were used in the study. In WT mice (n = 8), an intensity-dependent decrease in jejunal motility was also observed as the result of EA stimulation at ST25 in the rats. At an intensity of 1 mA, EA produced no significant effect, but at 2 mA, a slight inhibitory effect was observed, and then at 4 mA the effect increased significantly in magnitude. In TRPV1-/- mice (n = 8), the effect of EA at 2 mA and 4 mA was significantly reduced when compared to that for WT mice (Figure 4A-C); what’s more important, it showed no significance between 2 mA and 4 mA, that is, intensity-dependent inhibition did not occur between them, suggesting that TRPV1 receptor may serve as one of the afferent pathways underlying the EA stimulation in regulating jejunal motility.

DISCUSSION

Two distinct patterns of small intestinal motility were found after fasting and feeding[17]. The typical motor pattern in the interdigestive state is the migrating motor complex (MMC)[26]. The MMC consists of three phases: I, a period of motor quiescence; Ⅱ, a period of irregular low amplitude contractions; and Ⅲ, a period of regular high amplitude contractions. Compared to human and dogs, the MMC cycle in rodent is more irregular. It has been shown in rats and mice that the MMC was observed in the small bowel[27,28], but it is rather difficult to distinguish three phases, so they are denoted as phase-Ⅰ-like contractions, phase-Ⅱ-like contractions, and phase-Ⅲ-like contractions in rats, and no phases denoted in mice. In the present study, three relatively fixed types of fasting jejunal motor patterns were generally observed in the rats: A (phase Ⅰ-like contractions), B (phase Ⅱ-like contractions), and C (phase Ⅲ-like contractions). However, in the anesthetized mice, no fixed motor pattern described above but arrhythmic jejunal contractions were observed in the TRPV1-/- and WT mice, which was similar to a previous study[28]. 

In contrast to this traditional description of gastric waves, Tatewaki et al[29] reported two fixed types of gastric contraction patterns in rats. The difference between the fasting motor patterns observed in types A and B rats may be due to the difference in vagal efferent activity that mediates the phase Ⅲ gastric contractions. Since the stomach and jejunum are innervated by the same segment nerves[30], it is possible that the difference in the fasting jejunal motor patterns was due to the same nervous activity that produces the gastric contraction patterns mentioned above. Tatewaki’s work suggests that manual acupuncture could shift one contraction pattern to another, whereas in our study, EA stimulation at ST25 did not have this effect, in fact, it had no effect at all on type A or B rats. However, EA did show a significant intensity-dependent inhibition of motility in type C rats.

Acupuncture has been reported to be efficacious in the treatment of gastrointestinal motility disorders in numerous clinical and animal studies[17]. More specifically, acupuncture at ST25 has been shown to be advantageous in these cases[19,31,32], yet the mechanism of its effect on motility remains unclear. A series of studies demonstrated that acupuncture at the abdominal area inhibited gastric and duodenal motility by increasing sympathetic activity[33]; whether the effect of EA at ST25 on jejunal motility shares the same mechanism has not been reported. To determine whether sympathetic pathways are involved in the mechanism of the EA effect, we used propranolol ( adrenoceptor antagonist) and clenbuterol ( adrenoceptor agonist). Our data show that EA at ST25 still inhibited jejunal motility in propranolol-treated type C rats, but that this effect was significantly reduced (Figure 6). Clenbuterol blocked jejunal motility almost completely and EA had no effect in its presence. Taken together, these results suggest that a sympathetic pathway is involved in the effect of EA. 

Sato et al[16] and Noguchi et al[33,34] concluded that acupuncture of the abdomen altered gastrointestinal motility and secretion via a somatovisceral sympathetic reflex and its afferent nerve pathway was composed of abdominal cutaneous and muscle afferent nerves. Somatic afferent nerve fibers are composed of A- (group Ⅰ), A- (group Ⅱ), A- (group Ⅲ) and C-fibers (group Ⅳ). According to a number of studies[35,36], the mean stimulation threshold for induction of firing in rat A- and C-fibers are approximately 2 mA and 5 mA, respectively, whereas in mice they are 2 mA and 3 mA. To determine which somatic afferent nerve fibers participate in the effect of EA at ST25, we used a range of EA stimulation intensities (currents). It was found that EA at ST25 significantly suppressed the jejunal motor activity at all intensities in the drug-free group, except at 1 mA. In all cases, the effect increased sigmoidally with intensity to a plateau. 

It has been reported that TRPV1 is mainly coex​pressed with A- and C-fibers, rather than with myelinated nociceptors[22]. To confirm the role of A- and C-fibers in the EA effect, we repeated the experiment in TRPV1 knockout mice. Compared with the wild-type mice, EA at ST25 had a significantly reduced effect on jejunal motility. This suggests that TRPV1 in A- and C-fibers is involved in the action of EA at ST25, and these results are in agreement with previous reports[37]. On the other hand, recent studies showed that the vast majority of the sympathetic neurons were TRPV1-positive[38], and sympathetic denervation could reduce significantly the expression of TRPV1, calcitonin gene-related peptide and/or phosphorylated PKC, suggesting that the activation of TRPV1 receptors is modulated sympathetically by the action of ATP released from sympathetic efferents to activate the PKC cascade[39]. Therefore, further studies exploring TRPV1 receptor will provide new insights into the mechanism(s) underlying the acupuncture-induced jejunal motility via a sympathetic pathway.

In conclusion, the present study has found that EA stimulation at ST25 inhibits jejunal motility in an intensity-dependent manner via a sympathetic pathway, and that TRPV1 receptors in A- and C-fibers seem to play an important role in the mechanism.
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Background

Intestinal dysmotility is one of the major pathophysiological features of functional gastrointestinal disorders. Although electroacupuncture (EA) at abdominal acupoint, ST25, is widely used in the clinical setting to treat intestinal dysmotility disease, the underlying mechanisms of its action remain unexplained.

Research frontiers

In animal models, it was found that acupuncture at the hind paw increased gastric and duodenal motility via parasympathetic pathways, whereas application of acupuncture at the abdomen showed an inhibitory effect by increasing sympathetic activity. However, little effort has been made to investigate the effect of EA on jejunal motility.

Innovations and breakthroughs

In this study, the authors found that anesthetized rats exhibited three types of fasting jejunal motor patterns. Only type C (phase-Ⅲ like contractions) rats responded to EA stimulation and the effect of EA on motility is mediated via a sympathetic pathway.

Applications

An important feature of the inhibitory effect of EA on jejunal motility, its dependence on stimulation intensity, was uncovered, that is, jejunal contraction amplitude decreased with increasing EA intensity, in a sigmoidal manner down to a plateau at intensities ≥ 5 mA. This work may help acupuncture practitioners select stimulation intensities for the treatment of patients with gastrointestinal disorders. 

Peer-review

The effects that electroacupunture have on jejunal motility were investigated in healthy rats in the presence or absence of either a beta-adrenoceptor agonist or an antagonist, and in TRPV1 k/o mice relative to wild-type counterparts. These interesting experiments revealed that electroacupunture suppressed jejunal motility, and that beta-adrenoreceptors and TRPV1 mediate components of this effect.
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Figure 1  Experimental procedure. Time course of interventions in rodents without drugs (A); Time course of interventions in the rats with drug administration (B). In the electroacupuncture (EA) period, different intensities of EA (1, 3, 5, 7, and 9 mA for rats; 1, 2, and 4 for mice) were applied at ST25 acupoint in an ascending order.
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Figure 2  Three types of basal (untreated) jejunal motor patterns observed in the experiment. Representative examples of types A (A), B (B), and C (C) jejunal motor patterns.
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Figure 3  Jejunal response of types A and B rats to electroacupuncture stimulation at ST25 acupoint. Representative examples of electroacupuncture (EA) stimulation at ST25 with different intensities in types A (A) and B (B) rats (n = 8).
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Figure 4  Jejunal responses to electroacupuncture (EA) stimulation at ST25 in WT and TRPV1-/- mice. Representative examples of EA at ST25 with different intensities in wild-type (WT, A) and TRPV1-/- mice (B); Percentage inhibition of jejunal motility after EA at ST25 with different intensities (C). aP < 0.05 vs WT; bP < 0.01 vs WT; cP < 0.05 vs 1 mA; dP < 0.001 vs 1 mA; eP < 0.05 vs 2 mA (n = 8).
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Figure 5  Jejunal response of type C rats to electroacupuncture stimulation at ST25, and effect of propranolol and clenbuterol on electroacupuncture- induced inhibition of jejunal contraction in type C rats. Representative examples of electroacupuncture (EA) stimulation at ST25 with different intensities in type C rats (A); The fitting curve of the inhibitory effect of EA stimulation at ST25 on jejunal motility in type C rats (B); Representative examples of EA stimulation at ST25 with different intensities after administration of propranolol administration (C); The fitting curve of inhibitory effect of EA stimulation at ST25 on jejunal motility in the presence of propranolol (D); Representative examples of EA stimulation at ST25 with different intensities after administration of clenbuterol (E); The fitting curve of inhibitory effect of EA stimulation at ST25 on jejunal motility in the presence of clenbuterol (F). ∆: Time of drug administration (n = 8).
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Figure 6  Effect of propranolol and clenbuterol on electroacupuncture-induced inhibition of jejunal contraction in type C rats. 3 mA (A), 5 mA (B), 7 mA (C), and 9 mA (D). aP < 0.05 vs drug-free, bP < 0.01 vs drug-free (n = 8).
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