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Abstract




Objective: To correlate the effects of the Electroacupuncture (EA) with the levels of TNF-α and the gastric contractility in both ulcerated and non-ulcerated control rats.


Methods: Before the experiments, a magnetic marker was surgically implanted in the gastric serosa of all animals used in this study. Ten days after the surgical procedure, the animals were randomly assigned in groups (n=9 per group) whose received by gavage phosphate buffered saline (non-ulcerated control groups) or ethanol (ulcerated groups). EA treatments were applied every three days during 16 consecutive days in both control (C) and ulcerated (U) groups at sham (S) point (CS and US) and ST-36 acupuncture point (CST-36 and UST-36). Magnetic and electrical gastric activity recordings were also performed. TNF-α was measured by ELISA and all data were statistically analysed by ANOVA. Results: In the ulcerated animals which received sham EA (US), the frequency and amplitude of contractions were reduced, whereas the levels of TNF-α were increased. EA applied at UST-36 group had significantly increases in the frequency and in the amplitude of contractions. A clear inverse correlation (p=0.9) between motility parameters and TNF-α levels in ulcerated rats was observed.



Conclusion: EA in ST-36 had improves the gastric contractility in ulcerated rats by a pathway that involves decreases in the levels of TNF-α.
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Introduction

Gastric ulcer is a common disease with multiple etiologist and results of an imbalance that occurs between aggressive and protective factors in the gastrointestinal (GI) mucosa [1-3]. Besides, this condition is associated with increased secretion of pro-inflammatory cytokines such as the tumor necrosis factor- alpha (TNF-α) [4,5]. At least 4 million people worldwide suffer from peptic ulcer and its complications such as GI motor disturbances, indigestion and gastroparesis (i.e., slowed gastric emptying in the absence of obstruction) affects 10-20% of the patients [3,6,7]. Proton pump inhibitors are the most commonly drugs prescribed for the treatment of peptic ulcer disease. Despite their safety and tolerability, the adverse effects associated with long-term use, lack of curative effects and high costs of the new drugs have renewed public interest in complementary and alternative treatments including Electroacupuncture (EA) [8,9]. Studies have shown that the needle-stimulation of Zusanli point (stomach 36, ST-36) outcomes preventive effects, which includes improvements in the immune function, decreasing the gastric acid secretion [10], and also in the levels of pro-inflammatory cytokines in the rat's serum [11,12]. 




In terms of motility, EA improves the gastric slow-wave rhythmicity and antral contractile activity [13]; however, there is still a lack of scientific background available to evidence on the clinical significance of EA in the treatment of peptic ulcer disease. Electrogastrography (EGG) and Alternating Current Biosusceptometry (ACB) have been proposed as innovative and minimally invasive techniques for the study of GI motor activity [14]. ACB is a magnetic technique that was previously validated to register mechanical contractility resulting of the GI wall movements generated directly by the smooth muscle [14, 15]. EGG is employed towards monitoring gastric myoelectrical activity using cutaneous electrodes placed on the abdominal surface [16,17]. Both techniques in association enable to register electrical and mechanical activity simultaneously and in real time [18]. As the evidences concerning the benefits of EA in the improvement of gastric function in the peptic ulcer disease still need to be confirmed, the aim of our study was to correlate the effects of the EA with the levels of TNF-α and the gastric contractility in both ulcerated and non-ulcerated control rats.



Methods and Methods 


Animals and Surgical Procedures


All experiments were approved by the Institutional Animal Care and Use Committee (Protocol number 23108.002959/13-3 - Federal University of Mato Grosso) and were conducted in accordance with animal ethics guidelines consistent with the National Research Council 'Guide for the Care and Use of Laboratory Animals'. Male Wistar rats (body weight 200-300g) were housed individually in polypropylene cages under controlled lighting conditions (12h/12h light/dark cycle) at room temperature (22-26 °C) with free access to water and food. After 12-hours long fasting, a laparotomy was performed in order to implant a magnetic marker. For this surgical procedure, all the animals were anesthetized with an intramuscular injection of ketamine (30 mg/kg) and xylazine (15 mg/kg). A magnetic marker (diameter 3.5 mm; height 3.0 mm) was implanted in the seromuscular layer by suturing it in the gastric corpus, using a 6/0 thread, 3 cm far from the pylorus [18]. The recovery period for all animals lasting up to 10 days and they were acclimated to restraint by the same researcher before the experiments.



Induction of Gastric Ulcer and Electroacupuncture Treatment



Ten days after the surgical procedure, the animals were randomly assigned in four groups (n=9 per group): ulcerated and treated to EA at ST-36 acupuncture point (UST-36); ulcerated and treated to EA at sham point (US); control and treated to EA at ST- 36 acupuncture point (CST-36); control and treated to EA at sham point (CS). Gastric ulcer was induced in 18 animals (ulcerated groups) with 1 mL of absolute ethanol orally administered. For the control groups, animals (n=18) received 1 mL of phosphate buffered saline (PBS) by the same route [19]. EA treatments were applied every three days during 16 consecutive days in both control (C) and ulcerated (U) groups at sham (S) point (CS and US) or at ST- 36 acupuncture point (CST-36 and UST-36) [13]. ST-36 acupuncture point was located at the anterior tibial muscle, 5mm lateral to and below the anterior tubercle of the tibia [11]. Two stainless-steel needles (0.25 x15mm, DongBang Acupuncture, Inc., Chungnam, Korea) were inserted bilaterally (0.5-1mm deep) in the ST36 acupuncture point and in sham point. Sham point was located at 5 mm posteriorly and inferiorly to the point ST-36 based on needling off point and was confirmed by absence of electrical detection. The anode and cathode lead from an electrical stimulator (WQ IOD1; Donghua, China) were connected to the two acupuncture needles. A direct current with an intensity range of 4 mA and stimulation frequency of 15 Hz was applied during 20 min.



ACB and EGG Techniques



ACB sensors consist of assemble of induction coils composed of an excitation coil (outer) and a detection coil (inner) in a first- order gradiometric configuration. Details on the instrumentation were described elsewhere and the sensor has been improved for laboratory animal studies [14]. Briefly, the magnetic signals detected by the sensor are derived from the magnetic marker implanted in the gastric serosa [15]. As the signal detection depends on the distance between the sensor and the magnetic material, the signal recorded by the sensor is modulated by the changes in the position of the marker during the contraction and relaxation of the gastric wall. Electrogastrography (EGG) provides non-invasive monitoring of gastric myoelectrical activity through cutaneous electrodes placed on the abdominal skin over the stomach.



Gastric Activity Recordings


Simultaneous recordings ofboth mechanical (ACB) and electrical (EGG) activities were performed as follows. After the ingestion of 2 g of standard chow, animals were anesthetized by intraperitoneal injection of pentobarbital sodium (30 mg/kg, Abbott Laboratories, Chicago, USA) and they were kept supine during the 40-minute recordings period. The magnetic sensor (Br4Science®, Sao Paulo, Brazil) was placed on the anterior surface of the abdomen and a continuous ACB signal recording was acquired. For EGG recordings, surface electrodes in a bipolar configuration were placed near to the ACB sensor in the abdomen and were connected to the BIOPAC amplifier system. Simultaneous signals were acquired at a 20 Hz/ channel rate digitized using a multi-channel recorder (MP100 System; BIOPAC Inc., Santa Barbara, USA) and stored for further analyses. ACB and EGG recordings (R) were performed three times (Figure 1): R1, at the first day before the EA treatment; R2, at the seven day, after the third EA treatment; and R3, at the sixteenth day, after the sixth EA treatment. In addition, in order to verify the influence of EA treatment on the recovery of the animals during the experiments, weight gain percentage (%) was determined from the first to the third recording session.
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Figure 1:  Schematic timeline for ACB and EGG recordings and for EA treatment scheduled for the animals.







 
Immunological Analysis

At the end of the R3 measurements, all the animals were killed by decapitation under overdose anaesthesia towards collecting gastric tissue sample. TNF-α (product number 558535) was quantified in the gastric tissue by ELISA according to manufacturer's instructions (R&D Systems, Minneapolis, USA) in order to detect cytokine with a minimum detection limit of 10 pg./mL. Values were expressed as cytokine picograms per millilitre (pg./ml).




Data Analysis


Gastric activity recordings were initially analysed in MATLAB (MathWorks, Inc., Natick, USA) by visual inspection and thereafter using bi-directional Butterworth band-pass filters by Fast Fourier Transform (FFT) and by Running Spectrum Analysis (RSA). The signals were also analysed using band-pass filters with a cut off frequency of 0.03- 0.15 Hz (1.8-9.0 cpm - cycles per minute) to determine the frequency ofcontractions. To determine the amplitude of contractions, area under contraction (AUC) was calculated using the same filters described above. The normality of continuous variables was tested using the Kolmogorov and Smirnov’s test. For variables normally distributed, data were analysed using the oneway analysis of variance (ANOVA) followed by the Ttikey’s multiple comparisons test. Pearson correlation coefficient was adopted to assess the relationship between variables. A value of p<0.05 was considered significant. Data were expressed as mean±standard deviation (SD).




Results



Gastric activity signals registered by ACB in the ulcerated rat before and after the EA treatment are shown in the Figure 2. In comparison with EA at ST-36 acupuncture point, it was identified irregular patterns of amplitude and frequency in ulcerated rat before EA treatment. The frequency and amplitude of gastric contractions recorded for all groups during EA protocol is showed in Table 1. A significant decrease in the frequency of contraction in the ulcerated rats was observed (p<0.01). Moreover, the UST- 36 rats showed increases in the frequency of contraction similar to that observed in the control group, but significantly higher than that observed in the US group (p<0.001). Our results also indicate that the effects of EA on the frequency of contraction for CST-36 animals were significantly reduced when compared with those observed for UST-36 group. The amplitude of contractions tends to be lower in the ulcerated non-treated rats. However, in the UST- 36 group it was observed a significant increase in the amplitude of contraction compared with non-treated groups.
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Figure 2:  Typical ACB contractility recordings obtained for control (A) and for ulcerated (B) groups. The signals were acquired before and after EA treatment in the control group (CS and CST-36) and in the ulcerated group (US and UST-36).







 

Table 1: Frequency (cpm) and Amplitude (mv.s) of Gastric Contractions Obtained by ACB and EGG Techniques during the Recordings at R1, R2 and R3 Protocols for All Control and Treated Groups.
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Data are expressed as mean±SD (n=9 per group). CS: Control Sham, CST-36: Control ST- 36, US: Ulcer Sham, UST-36: Ulcer ST-36.
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Figure 3:   Levels of TNF-α obtained in the gastric tissue of rats enrolled in all groups analysed. *p<0.05, compared to US.









Weight gain along the experiments was significantly increased in the ulcerated rats treated with EA compared with ulcerated rats without treatment (21.2 ± 2.9% and 12.0 ± 3.3%, respectively) (p<0.05). For control group, weight gain was not affected by EA treatment (18.0 ± 3.3% after treatment and 22.5 ± 3.2% without treatment). Figure 3 shows the TNF-α levels obtained in the gastric tissue for all animal's groups. In ulcerated rats the levels of TNF-α were increased in comparison with non-ulcerated control animals. However, a significant decrease in the TNF-α levels was obtained in UST-36 group compared with the US group. The correlation with TNF-α and contractility parameters (frequency and amplitude of contractions) for all groups is shown in Table 2. There is no correlation between TNF-α levels and contractility parameters for untreated control groups (CS). Interestingly, a strong inverse correlation with contractility parameters and TNF-α levels was obtained for ulcerated rats (US). This negative correlation is maintained even with treatment in ulcerated animals (UST-36) and a positive correlation between TNF-α levels and frequency of contractions registered by ACB in CST-36 group was also found.




Table 2: Correlation between TNF-α Levels with Motility Parameters Recorded from All Groups by ACB and EGG.
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Discussion



Our results suggest that EA in ST-36 acupuncture point was able to improve the gastric contractility in ulcerated animals by a pathway that seems to involve decreases in the TNF-α levels obtained in the gastric tissues. EA also improved significantly the weight gain in the ulcerated animals (p<0.05). Besides, a strong inverse correlation with TNF-α levels and gastric contractility was obtained for ulcerated rats. Otherwise, EA applied to the control animals showed positive correlation with TNF-α and the frequency of contractions. The differences observed in this study reinforces that acupuncture points are pathophysiologically dynamic entities connected with homeostasis fluctuations, which contributes to the improvements from the baseline [20,21]. The effects of acupuncture treatment on the gastric contractility in ulcerated animals are still unclear. In general, gastric mucosa injuries induced by ethanol and non-steroidal anti-inflammatory drugs (NSAIDs) are linked to increases in the gastric motility [22,23]. However, the gastric motor patterns depending on the model of ulcer induction. The ethanol exposure seems to inhibit both slow wave activity and small intestinal motor activity in rats [24,25]. Our data corroborate those previous studies, showing that in ulcerated animals the frequency and amplitude of gastric contractions were smallest than those obtained in non-ulcerated control rats (Table 1).


The bradygastry observed in ulcerated animals can be associated to several symptoms of peptic ulcer such as pain, indigestion, early satiety, loss of appetite and vomiting [3,26]. The acupuncture treatment seems to be able to normalize the acid secretion and GI motility with improvements in the visceral pain [27, 28]. Studies have shown that EA at ST36 point can improve the blood flow in gastric mucosa. EA at ST36 also regulates the gastric motility by rising frequency and amplitude of contractions in rats [25]. Moreover, this acupuncture point is often associated with the recovery of the damaged networks of Interstitial Cells of Cajal (ICC) and pacemakers towards propagating slow waves in the stomach of rats [29]. In our study, for the UST-36 rats the frequency of contractions was similar to that observed in non-ulcerated controls (CST-36) with a significant increase when compared with US group (P<0.05). The amplitude of contractions was lower for the US animals during all experiments. On the other hand, higher amplitude values for the UST-36 rats compared with US (P<0.05) was obtained. Ethanol-induced gastric ulcer in experimental animals plays an important role towards understanding the mechanisms of mucosal injury and secretion of pro-inflammatory cytokines such as TNF-α, Interleukin (IL)-1p and IL-6 [22,30]. Gastric ulcer induced by ethanol in rats increased the level of TNF-α in gastric tissue compared with control groups (Figure 3).



It is known that the production of pro-inflammatory cytokines such as IL-6 and TNF-α is notably increased in the serum and in the gastric tissue of the ethanol-induced ulcer model [31,32]. As an inflammatory cytokine with pleiotropic functions, TNF-α is associated with the induction and progression of inflammatory disorders [32]. These pro-inflammatory mediators are regulated by nuclear factor kappa B (NF-KB) signaling pathway [2], one ofthe most widely recognized intracellular signaling pathway in inflammatory responses [32]. Evidences suggest that the inhibition of NF-kB activity may lead to reduce the severity of inflammatory diseases [33]. Under inflammation conditions, studies also showed that decreases in the levels of TNF-α after EA [11, 34] is associated with anti-inflammatory effects [35]. Our data suggest that EA treatment had an effective effect in the reduction of the inflammatory process, since the levels of TNF-α in the gastric tissue was decreased. Our study also revealed that the increase in the TNF-α levels led to impairment of the gastric motility parameters (Table 2). However, after the treatment with EA at ST-36 acupuncture point, there was observed an improvement in gastric motor function. These data suggest that the effect of EA may be mediated, at least in part, by the inhibition of the expression of TNF-α and by other unknown mechanisms. This fact becomes more evident considering that the CST-36 group also had the motor function altered. Our data showed that the correlation with TNF-α obtained in gastric tissue and the mechanical recordings (ACB) was more consistent than that observed with electrical (EGG) recordings.


As the interpretation of electrical findings can be rather controversial [36], and their relationship with mechanical activities is still difficult to understand [37], the use of EGG and ACB techniques simultaneously can contribute to enhancing the knowledge about motility issues [14,16]. This approach allowed us inferring that the recovery of the gastric tissue after EA treatment led to further improvement in motility parameters. Potential weaknesses of our study were the multiple handling of the animal and the effects of stress [38]. However, some approaches were adopted towards minimizing predictable interferences. Firstly, the animals were trained by the same researcher and they were handled gently several times a day in order to reduce the impact of stress on the experimental data [39]. Several clinical and laboratory studies had been conducted in order to clarify the mechanisms behind systemic effects of EA treatment on the GI motility. However, such effects rely on several variables including species, acupuncture procedures, different signaling pathways and, mainly, initial motor activity [40]. In summary, our study showed that EA treatment improves the gastric contractility of ulcerated rats and decreases pro- inflammatory cytokine TNF-α levels in gastric tissue. As the exact mechanism that explains how EA treatment acts is still unclear, further studies are needed in order to investigate complimentary pathways and critical factors associated to the electroacupuncture to explain those outcomes.
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