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			Abstract

			Duchenne Muscular Dystrophy (DMD) is the neuromuscular disorder caused by mutations in the gene encoding dystrophin protein, which connects the cytoskeleton with the extracellular matrix of skeletal muscle. Visceral smooth muscle cells contain the same levels of dystrophin, consequently, it can be associated to absence of dystrophin in smooth muscle with degeneration of gastrointestinal (GI) tract. Complications related to GI tract are common in DMD, and include chronic constipation, gastro-esophageal reflux, delayed gastric emptying, swallowing impairment, collection of gastric air and heartburn. Although studies have been associated gastrointestinal dysfunctions in DMD to absence of dystrophin in smooth muscle, in mice models, alterations of the enteric nervous system it has also been suggested. In general, the enteric nervous system to determinate gastrointestinal motility and regulates local blood flow, interacts with the endocrine and immune systems of the intestine. Advances in studies that consider the disease a mix of smooth muscle and enteric nervous system impairments are required to future breakthrough in the pharmacological interventions to restore normal motor function of GI tract and improve the quality of life in DMD patients.
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			Introduction  

			Duchenne Muscular Dystrophy (DMD) is the neuromuscular disorder, affecting approximately 1 in 3700-10.000 newborn males [1]. This disorder is caused by mutations in the gene encoding dystrophin protein, which connects the cytoskeleton with the extracellular matrix of muscle [2]. The absence of dystrophin leads to progressive skeletal muscle wasting associated with increased inflammation, oxidative stress, Ca2+ influx and loss of nitric oxide synthase (NOS) function [3]. DMD is a multi-systemic disease because affects skeletal muscle, heart, brain and smooth muscles, due to expression of dystrophin in these organs [4].

			Dystrophin is a component of the dystrophin-associated protein complex (DAPC) localized in sarcolemma of skeletal, cardiac and smooth muscular fibers. Visceral smooth muscle cells contain the same levels of dystrophin comparable to those found in striate muscle cells [5]. Consequently, it can be associated to absence of dystrophin in smooth muscle with degeneration of gastrointestinal (GI) muscles [6] and disturbances in the GI tract [7]. Due to dystrophin expression in smooth muscle, visceral defects are a primary manifestation of dystrophyn 

deficiency in smooth muscle [5]. Because of this, gastric dilatation and intestinal pseudoobstruction [8] may occur and the complications related to GI tract are common in DMD, and include chronic constipation, gastro-esophageal reflux, delayed gastric emptying, swallowing impairment, collection of gastric air [9,10] and heartburn [11].

			According to Boland et al. [8], smooth muscle failure of the gastrointestinal tract is characterized by abdominal pain, vomiting or dysphagia associated to dilatation/dysfunction of digestive tract in the absence of fecal impaction or structural cause of digestive obstruction. The same authors consider gastrointestinal involvement occurs most commonly as “secondary” events in DMD, for example, caused post-surgery or bouts of respiratory distress or pain.

			Dysphagia has been found to be the most frequently reported symptom in DMD because impaired function of the pharynx and oesophagus. Both the upper part of oesophagus (striated muscle) and the lower (smooth muscle) are affected by dystrophyn deficience and the amplitude of the contraction waves and coordination of swallow are also affected and sometimes resulting in aspiration [7]. Already chronic intestinal pseudoobstruction is characterized by ineffective intestinal peristalsis like mechanical obstruction. Chronic intestinal pseudoobstruction is characterized by ineffective intestinal peristalsis, producing a clinical picture indistinguishable from true mechanical obstruction and may be produced by abnormalities of the intestinal smooth muscle or myenteric plexus [7]. However, according to Rönnblom & Danielsson [12], diarrhoea is more common due to bile acid malabsorption, small-bowel bacterial overgrowth and reduced levels of pancreatic isoamylase and collagenous sprue. 

			All cited gastrointestinal problems might lead to nutritional problems with advancing age in DMD patients [13]. Undernutrition and weight loss are common in patients with DMD in their late teens and require adequate nutrition and medication therapy to alleviate symptoms [9]. These patients in long-term ventilation demonstrate metabolic acidosis related to chronic constipation and nutritional monitoring is essential in this stage [10].

			Although studies have been associated gastrointestinal dysfunctions in DMD to absence of dystrophin in smooth muscle, in mice models, alterations of the enteric nervous system it has also been suggested. The human enteric nervous system contains many neurons, approximately 107 to 108 [14] and consists of neurons, glial cells organized in interconnected ganglia and nervous fibers that innervate effectors tissues as smooth muscle in the intestinal wall, epithelial coating, intrinsic blood vessels and endocrine, gastric, and pancreatic cells [15]. Ganglia and nervous fibers form a network in the gastrointestinal tract, constituting a ganglionar plexuses, of which stand out myoenteric plexus and submucosal plexus [16]. Myoenteric plexus is primarily involved in control of the smooth muscle motor pattern (peristalsis), on the other hand, submucosal plexus coordinates secretions and absorption reflexes, as well as motor control of the mucosa smooth muscle [17]. In general, the enteric nervous system to determinate gastrointestinal motility and regulates local blood flow, interacts with the endocrine and immune systems of the intestine [15].

			The mdx (x-chromosome-linked muscular dystrophy) mice are the most commonly employed experimental model in DMD research and has deficiency in the gene responsible for coding dystrophin, as observed in human DMD [18]. Smooth muscles from adult mdx mice showed neither cell necrosis nor fibrosis, but the thickness of the mdx smooth muscle was significantly reduced in the digestive layers [6,8]. However, in addition to alterations in smooth muscle in this mice model, modifications of the enteric nervous system have also been reported associated with slow wave activity. Vannucchi et al. [19] indicated that myenteric neurones express several dystrophin isoforms in murine model and its lack might cause the intestinal motor abnormalities reported in DMD patients. In an mdx mice immunohistochemical study, interstitial cells of Cajal (ICC), enteric neurons, and smooth muscle expressed full-length dystrophin [20]. Ultrastructural evaluation of mdx mice, all the ICC sub-types underwent important changes: coated vesicles were significantly more numerous and caveolae significantly fewer than in control mice, but the networks were maintained [21]. In the same study, electrical activity investigation shows slow waves in a highly dysrhythmic fashion.

			Conclusion

			Previous life expectance of DMD patients was on average 24 years old [22]. In the last twenty years, treatments have been established that have significantly improved patients’ quality of life and life expectancy on average 30 and 40 years old [23]. This improve represents a challenge to healthcare multiprotection team because multi-systemic impairment. Especially for gastrointestinal dysfunctions in DMD, advances in studies that consider the disease a mix of smooth muscle and enteric nervous system impairments are required to future breakthrough in the pharmacological interventions to restore normal motor function of GI tract. Finally, the integration between clinical and nutritional care to gastrointestinal dysfunction treatment, are crucial to control secondary DMD systemic diseases and improve the quality of life in DMD patients.
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