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Abstract

Gastrointestinal (GI) disorders encompass a variety of conditions ranging from mild occasional heartburn to the more life-threatening colorectal cancer.  They are very common in North America affecting at least 6-7 million Canadians and 60-70 million Americans, every year.  Two of the most common GI disorders are gastroesophageal reflux disease (GERD) and irritable bowel syndrome (IBS).  Although neither condition is life threatening, both are chronic and can seriously impair one’s quality of life.  The treatment of GI disorders comprises one of the largest pharmaceutical markets in the world; in 2004, it grossed over $16 billion in the US alone.  The GERD market is the largest and most mature of the GI markets however, despite the presence of effective pharmaceuticals there are still unmet needs in this patient population.  In contrast, the IBS market is large but under-penetrated.  This lack of effective pharmaceuticals is partially because, until recently, little research had been done to understand IBS pathophysiology.  The following article discusses the advances in our understanding of GERD and IBS, the limitations of currently used pharmaceuticals, as well as the potential utility of pharmaceuticals presently in clinical development for the treatment of these disorders.
Introduction

Gastrointestinal (GI) disorders encompass a variety of diseases and functional disturbances of the GI tract, which can vary in severity from mild and often self-limiting episodes of heartburn to severe and occasionally life-threatening complications of colorectal cancer (1,3).  Two of the most prevalent GI disorders are gastroesophageal reflux disease (GERD) and irritable bowel syndrome (IBS), affecting approximately 40% (9, 104) and 10-15% (3) of the adult US population, respectively. Moreover, many researchers believe that these statistics underestimate the real prevalence of these disorders.  Part of the reason for this is because many of the symptoms are so common that people do not consider them to be indicative of a disease and thus do not seek medical care.  Hence, in many cases, GI disorders are left untreated or are treated inadequately.  Although neither GERD nor IBS are life threatening conditions, both can seriously impair overall quality of life.  In addition to physical pain and discomfort, these disorders are often associated with stress and other psychologically debilitating conditions such as depression and anxiety (71, 72, 139).
The treatment of GI disorders comprises one of the largest pharmaceutical markets in the world. The US market alone was estimated at $16 billion in 2004 and is expected to reach $23 billion in 2009 (1, 5).  By far, the largest and most mature sector of the GI market is the GERD market.  This is a direct result of both the large number of people suffering from GERD and the success of acid suppressing drugs like Astra Zeneca’s proton pump inhibitor, omeprazole (Prilosec®) and its successor, esomeprazole (Nexium®).  However, because of the complex pathophysiology of GERD, approximately 40% of patients do not achieve satisfactory remission of their symptoms with such agents (45).  There is thus considerable opportunity for the development of more efficacious therapies.  In contrast, the IBS market is large but under-penetrated.  That is, although many people suffer from the disorder, few effective pharmaceuticals are available to them.  More specifically, only 6% of the direct drug costs for IBS are attributed to medications, as compared to 63% for GERD (88).  Part of the reason for this is because IBS has long been considered a psychosomatic condition and little research has been done to understand its pathophysiology (44).   Although the precise pathophysiology of IBS still remains unknown, it is generally accepted that disturbances in the brain-gut axis play a role.  Moreover, in the past 10 years, research has identified promising targets within the brain-gut axis for the development of more efficacious pharmaceuticals for IBS.  The following article discusses the advances in our understanding of GERD and IBS, the limitations of currently used pharmaceuticals, as well as the potential utility of pharmaceuticals presently in clinical development for the treatment of these disorders.

Gastroesophageal Reflux Disease (GERD)
Overview

According to an international working group, GERD is defined as the reflux of gastric contents into the esophagus leading to esophagitis (i.e., inflammation of the esophagus), reflux symptoms sufficient to impair quality of life, or risk of long term complications (7, 62).  The most common reflux symptoms are heartburn and acid regurgitation (110).  While an occasional episode of heartburn is generally nothing to worry about, frequent heartburn can be a serious problem and it deserves medical attention.  However, it is important to emphasize that the absence of heartburn does not exclude GERD.  Other symptoms suggestive of GERD include: pain in the chest, hoarseness in the mouth, dry cough, dysphagia, nausea, bad breath and difficulty swallowing (6).  Moreover, GERD can be classified according to whether esophageal damage is present.  That is, if tissue damage is detected during an endoscopic examination, the individual is said to have esophagitis or erosive GERD.  If there is no tissue damage, the patient is said to have non-erosive GERD or NERD (7).  It is estimated that up to 70% of patients with typical GERD symptoms have NERD (92, 103, 129).  

GERD is a common condition that affects up to 40% of the adult US population (104) and is the most common acid-related disorder in Canada (43).  Moreover, the prevalence of this disease tends to be underestimated, with unrecognized GERD occurring in more than 50% of patients seen in general practice for unrelated conditions (120).   Part of the reason for this may be the mistaken belief that GERD and its symptoms are benign.   However, leaving GERD untreated—or inadequately treated-- may lead to more serious conditions like ulcers, laryngeal disease, chronic cough, Barrett's esophagus, and esophageal adenocarcinoma (8, 67).  
The primary mechanism underlying the pathophysiology of GERD is believed to be impaired impaired lower esophageal sphincter function (45, 93, 95).  That is, under normal circumstances, this sphincter prevents gastric contents from refluxing into the esophagus.  It relaxes in response to esophageal peristalsis to allow the passage of food into the stomach. However, the sphincter can also relax when there is no esophageal peristalsis and these events are termed transient lower esophageal sphincter relaxations (TLESRs) (117).  In healthy people most of these events are not associated with any acid reflux.  However, in patients with GERD, an increased proportion of TLESRs is associated with exposure to acid for extended periods of time; this further promotes the experience of reflux symptoms and esophageal damage (124).  Interestingly, patients with NERD have less esophageal acid exposure than those with erosive GERD.  It is believed that reflux symptoms in this patient population are a result of esophageal visceral hypersensitivity, abnormal tissue resistance, and/or sustained esophageal contractions (116).
Traditional and Emerging Pharmaceuticals

The objectives of treating GERD patients are to relieve symptoms, restore quality of life, heal esophagitis (if present), and reduce the risk of more serious complications. The pharmaceuticals currently marketed, or in clinical development, for the treatment of GERD can be classified under 3 main categories: acid suppressing agents, promotility agents, and TLESR inhibitors.  

1.  
Acid Suppressing Agents 

Acid is produced by the hydrogen/potassium adenosine triphosphatase (H+/K+-ATPase) enzymes present in the parietal cells of the stomach (111).  Acetylcholine (ACh) (via M3 receptors), gastrin (via CCKB receptors) and histamine (via H2 receptors) can all activate these enzymes.  Such activation causes the acid pump to exchange H+ for K+.  Chloride ions also leave the parietal cell by means of facilitated transport, where they combine with H+ to form hydrochloric acid (HCl) (111).  Since the severity of reflux symptoms is related to the amount of acid refluxed into the esophagus, many GERD treatments are aimed at acid suppression.

1.1  
Antacids

Antacids are probably the most widely used agents for the treatment of GERD.  They are typically bases that perform a neutralization reaction to reduce stomach acidity.  Antacids may be aluminum, magnesium, or calcium based. Some common examples include: aluminum hydroxide and magnesium hydroxide (Mylanta®; Johnson & Johnson), calcium carbonate (Tums®; GlaxoSmithKline), and sodium bicarbonate (Alka-Seltzer®; GlaxoSmithKline) (10).  Antacids are available over-the-counter (OTC) in numerous formulations (e.g., liquids, chewable tablets). One of their main limitations is their short duration of action which necessitates dosing every 1-2 hours.  Antacids are thus recommended for the treatment of mild GERD symptoms (7, 16).  

1.2      Histamine-2 Receptor Antagonists (H2RAs)  
H2RAs inhibit acid secretion by competitively and reversibly blocking parietal cell H2 receptors, thus preventing histamine-induced activation of the acid pump (83).  Many H2RAs are presently available as OTC medications and two common examples are ranitidine (Zantac®; GlaxoSmithKline) and famotidine (Pepcid®; Johnson & Johnson).  The H2RAs have a slower onset of action than the antacids, but have a longer lasting effect as they can suppress gastric acid for 4–8 h.  However, acid suppression, even with full-dose H2RAs, is incomplete, resulting in approximately 70% inhibition (58).  These drugs are therefore, less effective in terms of acid control than proton pump inhibitors (PPIs), which have been shown to reduce acidity by up to 97% (115).  Another disadvantage of H2RAs is that they are subject to the rapid development of pharmacological tolerance (79, 97, 140-141).  In any case, studies have shown that H2RAs relieve symptoms and heal lesions in NERD and mild GERD; but they are not very effective at treating erosive esophagitis (111).  A study also showed that long-term efficacy of gastric acid control with PPIs can be maintained with night-time H2RA use (123).  Thus, when used as monotherapy, H2RAs are usually reserved for patients with mild GERD symptoms; however, they can also be used as adjuncts to PPI therapy in more severe GERD cases (111; 123).  

1.3   
Proton Pump Inhibitors (PPIs)

PPIs act by irreversibly blocking the H+/K+-ATPase, thereby targeting the terminal-step in acid production.  Some examples of presently marketed PPIs are omeprazole (Prilosec®; Procter&Gamble), esomeprazole (Nexium®; Astra-Zeneca) and rabeprazole (Aciphex®; Eisai Inc.).  PPIs produce significantly faster and more complete relief of heartburn symptoms than H2RAs (46, 54, 86, 115); they are thus agents of choice for GERD treatment (54, 87).  A systematic review of the literature confirmed that PPIs provide a significantly lower therapeutic gain in patients with NERD as compared with those with GERD.  For instance, pooled response rates at 4 weeks were 56% for patients with GERD compared with 37% for patients with NERD.  Despite the lower response rates in NERD patients, the PPIs were more still more effective in this patient population than the H2RAs (64).  

Although PPIs are clearly more effective than H2RAs, 37% of patients receiving PPIs still feel the need to co-medicate with antacids (111), suggesting that PPIs alone may not always achieve sufficient acid control in the treatment of GERD.  Potential limitations of current PPIs include their short plasma half-life (1-2 hours), instability at low pH, and slow onset of action (133).  Therefore, new compounds are presently being designed to address these limitations.  Amongst the novel PPIs, tenatoprazole (Negma-Gild) appears to be a true advance in acid suppression therapy.  It has the longest half-life among the available PPIs and studies have shown that it produces significantly better and longer-lasting control of overall and nocturnal gastric acidity (69-70, 87) than esomeprazole.  Tenatoprazole is presently in phase III trials with a launch expected in 2007 (111).  Further attempts at enhancing the efficacy of PPIs are to incorporate them into novel drug delivery formulations.  For example, the recently introduced immediate-release (IR) omeprazole formulation quickly increases intragastric pH.  Moreover, when given at bedtime it seems to achieve better control of nocturnal acidity than the original omeprazole. IR formulations of other PPIs will probably be available in the near future (134).

1.4  
Potassium-Competitive Acid Blockers (P-CABs)

There is a similar class of compounds that function as ‘reversible’ PPIs.  These compounds are categorized as potassium-competitive acid blockers (P-CABs) because they block the action of the H+/K+-ATPase by binding to or near the site of the K+ channel (111, 134).  P-CAB binding to the proton pump is competitive and reversible, and these compounds inhibit acid secretion much more rapidly than do PPIs (145).  As a result, P-CABs can potentially be used for the treatment of GERD symptoms on a prn basis.  Agents in this class that are currently in development include CS-526 (R-105266; Sankyo/Novartis), soraprazan (BY359; Altana) and revaprazan (YH1885; Yuhan Pharmaceuticals).  For example, revaprazan has been shown to produce greater inhibition of acid secretion than omeprazole in both rats and dogs (118).  Moreover, in healthy volunteers, revaprazan has been shown to be safe, well tolerated and effective in suppressing acid (with a fast onset and long duration of action) (146); but its efficacy in GERD patients has yet to be evaluated.  Thus, P-CABs are a potentially promising class of compounds, with properties that may confer clinical advantages over existing acid suppression therapies.  However, to more fully understand the role of these agents in the management of GERD, comparative clinical studies with PPIs are needed.  

1.5       Gastrin Antagonists 
A significant proportion of postprandial acid secretion results from the release of gastrin.  Gastrin exerts three main GI effects: direct stimulation of acid production from parietal cells and indirect stimulation of acid secretion via increasing histamine and somatostatin release (122, 126, 134) Therefore, acid blockade via antagonism of the gastrin-cholecystokinin (CCK2) receptor, may be a viable approach for suppressing acid secretion.  Two CCK2 antagonists that have shown some promise are Z-360 (Zeria Pharmaceuticals) and itriglumide (CR2945; Rottapharm).  In preclinical studies, Z-360 was found to be more potent than the H2RA, famotidine, in inhibiting both pentagastrin-stimulated and meal-induced acid secretion (119).  Itriglumide was found to be 3 times more potent than the H2RA, ranitidine, and twice as potent as the PPI, omeprazole, when administered intraduodenally (11, 108).  Presently, both Z-360 and itriglumide are in phase I development (78, 134).  Thus, more studies are clearly needed to more definitively understand the role of CCK2 antagonists in GERD therapy.  

1.6 Gastrin Vaccines

A novel immunological approach to reduce acid secretion is to stimulate the immune system to produce antibodies against gastrin.  The anti-gastrin immunogen, G17DT (Insegia™; Aphton Corporation), consists of a large carrier protein linked to a portion of the human gastrin 17 hormone. When administered to patients, G17DT induces an immune response which stimulates the production of high affinity antibodies that recognize both gastrin 17 and glycine-extended gastrin 17. These antibodies neutralize these target hormones and thereby remove them from the circulation before they can promote gastric acid secretion (12, 17, 134).  Preclinical studies have shown that G17DT significantly inhibits gastrin-17-stimulated acid output (128).  G17DT is presently in phase II development (17).
2.  
Promotility Agents

Although acid suppressing agents form the basis of pharmaceutical therapy for GERD, they do not cure the disease and relapses are frequently observed after their discontinuation (43).  Since it is well recognized that GERD is primarily a motor disorder, promotility agents are intended to restore, normalize, and facilitate gut motility (121) with the hope of correcting the physiological source of the problem.  Unfortunately, the presently marketed promotility agents are ineffective as monotherapy; moreover, they must be taken several times a day and are associated with serious side effects (64, 121, 134).  Thus, improvements in the design of these agents are greatly needed to make use of them in the treatment of GERD.  

Serotonin (5-HT) receptors are among the most compelling targets for promotility agents given the excitatory role that 5-HT plays in the enteric nervous system (ENS) (e.g., initiating the peristaltic reflex) (68). For example, the agent cisapride (Propulsid®; Johnson & Johnson) acts by stimulating 5-HT4 receptors to increase ACh release in the ENS.  Increased levels of ACh increase tone and amplitude of gastric contractions and increase peristalsis of the duodenum and jejunum, resulting in accelerated gastric emptying and intestinal transit (14, 63, 134).  Despite its efficacy in facilitating intestinal motility, cisapride use has been associated with serious cardiotoxic side effects.  As a result, the drug was withdrawn from the market in 2000 but is still available to patients who meet specific eligibility criteria for a limited-access protocol (13, 14). 
Several next-generation 5-HT receptor agonists are presently being developed with the hope of minimizing the severity and frequency of side effects. For example, ATI-7505 (ARYx Therapeutics), an analog of cisapride, is in phase I development. Unlike the originally marketed version of cisapride, this agent is said to have prokinetic activity without the metabolic and cardiac liabilities (11). Another promising candidate is the selective 5-HT4 partial agonist, tegaserod (Zelnorm®; Novartis) which has been shown to enhance intestinal motility and produce more than 50% reduction in postprandial esophageal acid exposure, in patients with mild-to-moderate GERD (94).  Tegaserod is presently undergoing phase II clinical trials in GERD patients (45).  

Metoclopramide (Raglan®: Schwarz Pharma) is another well known promotility agent whose activity is mediated by its muscarinic agonist, D2 receptor antagonist and 5-HT4 receptor agonist activities (15, 130).  It increases GI motility and although its use is not associated with potentially life threatening side effects, metoclopramide still has an extensive side effect profile (e.g., sedation, increased prolactin secretion, involuntary movements of the limbs, spasms of the neck, face, and jaw muscles), which limits its clinical utility (15).  Thus, this agent is generally used as a short-term adjunct to H2RA and PPI therapy (16).  Domperidone (Motilium®; Janssen-Cilag) is a D2 receptor blocker with similar promotility actions as metoclopramide.  However, it does not easily cross the blood brain barrier and thus has fewer central nervous system (CNS) effects.  Despite its favourable safety profile, this drug is only marketed outside the US (45).
3.   
Transient Lower Esophageal Sphincter Relaxation (TLESR) Inhibitors
As mentioned previously, inappropriate TLESRs are believed to be the major mechanism responsible for gastroesophageal reflux (121).  These relaxations are mediated by a vago-vagal reflex (117) and efforts to develop drugs that would reduce the amount of inappropriate relaxations are thus based on an understanding of the agents involved in this reflex (134).  Fortunately, recent advances have identified some agents capable of influencing the rate of TLESRs and these have subsequently become the focus of new drug development.  

3.1
 γ-Aminobutyric Acid (GABA) Agonists

The GABAB agonist, baclofen (Lioresal®; Novartis), is one of the most potent inhibitors of TLESRs identified to date (47).  In healthy volunteers (102), as well as in patients with GERD (55, 137), baclofen significantly reduced the rate of TLESRs as compared with placebo (135, 148).  Moreover, this GABAB agonist has been shown to decrease distal esophageal acid exposure (142) and to improve acid reflux symptoms (137) in patients with GERD.  Unfortunately, baclofen has many drawbacks which limit its clinical utility.  One of its major drawbacks is the severity of its side effects (e.g., drowsiness, nausea, lowered threshold for seizures) (142).  Secondly, baclofen has a short half-life which necessitates dosing several times a day.  In addition to hindering compliance, such a dosing regimen can produce substantial peaks and troughs in the level of patient exposure to the drug, which may bring on significant side effects like drowsiness and weakness (18).  Furthermore, because baclofen is poorly absorbed in the colon, it cannot be effectively administered in a sustained-release dosage form (19).  There is thus extensive research to find a baclofen-like agent that can effectively inhibit TLESRs without the above limitations.  

Studies have shown that the therapeutic properties of baclofen are attributable to its R-isomer (18).  XP19986 is a transported prodrug of R-baclofen which was designed to overcome the deficiencies of baclofen.  One of the major improvements of XP19986 is its ability to engage natural transport mechanisms in the GI tract to facilitate efficient entry into the bloodstream.  By targeting these transporters, XP19986 can be formulated in a sustained-release pill and thereby require much less frequent dosing than baclofen.  In fact, phase I testing of the sustained-release formulation of XP19986 demonstrated a much longer half-life than that for baclofen.  In addition, a phase IIa trial indicated that single doses of XP19986 were well tolerated and produced statistically significant reductions in the number of reflux episodes in patients with GERD.  XP19986 is presently in phase IIb trials (19).
3.2 CCK Antagonists
The hormone cholecystokinin (CCK) has also been hypothesized to influence the rate of TLESRs.  Studies in healthy volunteers showed an increase in TLESR frequency with CCK infusion during gastric distension and a reversal of this increase with CCK1 antagonists (48).  For example, loxiglumide, a highly specific CCK1 antagonist, (125) has been shown to attenuate increases in TLESR frequency in both healthy volunteers (147) and patients with GERD (132). However, by April 2002 its development had been discontinued in favor of its active enantiomer, dexloxiglumide (96).  Dexloxiglumide (CR 2017; Rottapharm) is a much more potent CCK1 receptor antagonist and studies indicate that it effectively inhibits TLESRs and accelerates gastric emptying (80).  However, its developing company has not yet submitted an investigation new drug application (11).  Thus, future studies are needed to determine if dexloxiglumide will provide clinically meaningful symptom relief in GERD patients.

Summary

In the world of pharmaceuticals, acid suppression forms the basis of GERD management.  Nonetheless, because approximately 40% of patients are not fully satisfied with their acid suppressing therapies, the pharmaceutical industry has pursued a number of alternative therapeutic strategies.  Some of these include improving the efficacy of current PPIs (i.e., improving their formulation), creating faster and longer acting agents like P-CABs, and targeting other mechanisms of acid secretion (i.e., CCK2 receptor antagonists, and gastrin vaccines).  Moreover, because acid reflux is not the underlying cause of GERD, future therapeutic strategies are being explored that target the mechanical dysfunctions associated with GERD.  For example, the development next-generation 5-HT receptor agonists (which promote motility with diminished severity and frequency of side effects) (e.g., tegaserod) and GABAB agonists (which reduce TLESRs) (e.g., XP19986), may prove to be important advances in the treatment of GERD.  Which of the above drugs, if any, will become the next GERD blockbuster, is unknown.  In fact, because GERD is such a complicated disorder, it is possible that a combination of medicines may be required.  Whatever the case, it is certain that improved pharmaceutical treatments for GERD will parallel a more comprehensive understanding of its pathophysiology.

Irritable Bowel Syndrome (IBS)

Overview
IBS is classified as a "functional" disorder, in which the primary abnormality is an altered physiological function rather than an identifiable structural or biochemical cause.  It is characterized by a group of symptoms which typically include abdominal pain, bloating, and altered bowel habits such as constipation or diarrhea.  While nearly everyone has experienced an occasional bout with abdominal pain and diarrhea or constipation, people with IBS experience these symptoms far more frequently and intensely. IBS patients are typically classified into 3 subgroups according to their predominant bowel habit.  That is, those who primarily experience frequent watery bowel movements (diarrhea) belong to the diarrhea-predominant IBS subgroup (IBS-D).   Those who primarily experience a delay in the transit of the stool (constipation) belong to the constipation-predominant IBS (IBS-C) subgroup. Finally, those who experience alternating bouts of diarrhea and constipation belong to the IBS-A subgroup (20-24).

IBS is one of the most prevalent medical conditions in North America, affecting more people than asthma or diabetes (25).  Approximately 10-15% of the population experiences IBS and the prevalence among the three subgroups is more or less equal.  Interestingly, more than 70% of those affected are female (3, 45).  For both men and women, IBS usually begins in early adult life, most often during times of emotional stress (20-21).  Although not life threatening, the physical and psychological impact of this condition can seriously compromise an individual's quality of life. Pain, bloating and abnormal bowel movements make school, work, and social situations difficult.  Moreover, more than 50% of patients with IBS experience comorbid psychological disturbances (e.g., depression and anxiety) (71, 72, 139).  Surveys have also shown that IBS symptoms cause patients to lose time from work (absenteeism) (77, 85, 127) and to be less productive while at work (77).  In fact, IBS is second only to the common cold as a cause of absenteeism from work (26).  Despite the seriousness of these symptoms, only 25–30% of patients with IBS actually seek medical care (65) and those that do usually wait an average of 5.2 years (89).  One of the reasons for this delay is because many patients feel there are no effective treatment options for their condition (65, 89).  
The factors that contribute to IBS are still inadequately understood but psychosocial factors, abnormal GI motility and secretion, and visceral hypersensitivity, are all thought to contribute (107, 131).  That is, as part of normal digestion, food enters the colon from the small intestine, where strong muscle contractions begin moving it toward the rectum.  The colon absorbs water and nutrients from the food and the remaining mass leaves the body as stool. In order for the stool to be expelled normally, the muscles of the colon, sphincters, and pelvis must synchronize their contractions.  This synchronization is achieved through interaction between the CNS and ENS (the brain-gut axis).  That is, sensory and motor nerves exchange information among the GI tract, the spinal cord, and the brain (27).  Thus, the various symptoms of IBS can be viewed as dysregulations at multiple levels of the brain-gut axis, leading to alterations in colonic reactivity, sensation, motility and secretion (75).

Traditional and Emerging Pharmaceuticals
Since the pathophysiology of IBS has long been unknown, traditional treatments have been centered on relieving the predominant bowel symptom (i.e., constipation, diarrhea, pain).   Nonetheless, such a symptom-targeted approach is unsatisfactory in terms of patient satisfaction (84).   In fact, consensus recommendations in 2002 specified that the goal of IBS therapy should be to provide improvement in the multiple symptoms of IBS (41, 49).  The successful development of such therapies is dependent on a comprehensive understanding of IBS.  While the precise pathophysiology of IBS remains unknown, it is well accepted that disturbances in the brain-gut axis play a role.  In the past decade years, major advances have identified promising targets within the brain-gut axis and clinical trials are presently evaluating the effectiveness of several compounds directed at these targets.  
1. Laxatives

The different kinds of laxatives are bulking agents, osmotic agents, stimulants, lubricants, and stool softeners.  Although these agents are effective in facilitating the movement of stools and are widely used in clinical practice, no randomized controlled clinical trials have assessed their effectiveness in treating the global symptoms of IBS-C (41, 49).  In fact, they have been shown to both worsen the abdominal pain associated with IBS and promote diarrhea (41).  Therefore, there is a lack of systematic data to fully assess the safety and usefulness of laxatives in IBS patients.

2. Antispasmodics 

Antispasmodics have been used for decades in the treatment of IBS because they help to control colon muscle spasms and to reduce the abdominal pain in IBS-D (42, 66).  There are two broad classes of antispasmodics:  direct smooth muscle relaxants (e.g., pinaverium or Dicetel®) and anticholinergics that block the excitatory effects of ACh (e.g., dicyclomine or Bentylol®).  Both appear to be generally well tolerated except for the nonspecific anticholinergic side effects (e.g., increased heart rate, dry mouth).  Moreover, because they can worsen constipation, they should be used with caution in patients with IBS-C or IBS-A.  Newer anticholinergic agents are presently being developed to specifically target the muscarinic type-3 receptor (M3) in the intestinal smooth muscle. Two such agents that have shown promise in early clinical trials are zamifenacin (Pfizer Inc.) and darifenacin (Enablex®; Novartis).  Both agents inhibited bowel motility with less nonspecific anticholinergic side effects than older anticholinergics (50, 138)

3. Opioid Agents

There are three types of opioid receptors, mu (µ), kappa (κ), and delta (δ), located in the ENS and on the nociceptive pathways of the CNS.  Opioid receptor activation reduces visceral pain and inhibits motility through decreased ACh release (42).
3.1    
Mu (µ) opioid receptor agonists 

Opiates decrease intestinal motility and secretion and have been used to treat diarrhea for years (50).  A well known example of an opioid used in the treatment of IBS-D is the µ opioid receptor agonist, loperamide (Imodium®; McNeil PPC, Inc.).  As an antidiarrheal agent, loperamide is 47 times more potent than morphine and because it does not cross the blood-brain barrier, patients do not exhibit morphine-like CNS side effects.  Its safety and efficacy have been well established, and it is available OTC for diarrhea (50).  Although widely used in clinical practice, there is no evidence that loperamide improves the global symptoms of IBS such as abdominal pain/discomfort or bloating (131).  

3.2    
µ-opioid receptor antagonists 

Alvimopan (Adolor Corporation) is a novel, peripherally restricted µ opioid antagonist, which has shown to be effective in the treatment of opioid-induced constipation (60, 143).  In healthy patients, it was shown to reverse the peripheral effects of opioids without influencing the pain relief desired by concomitant opioid administration (76).  Future trials to test the efficacy of alvimopan in IBS-C patients are thus warranted.

3.3   
Kappa (κ) opioid agonists 

The κ-opioid receptor agonist, asimadoline (Tioga Pharmaceuticals), was shown to reduce sensation in response to colon distensions and to relax colonic and gastric tone during fasting (61).  A phase IIa study suggested that the drug may be effective in treating IBS pain in both men and women, and phase IIb trials are expected to begin soon (28). There are no examples of κ opioid agonists on the market today, so asimadoline may become the first in its class.

4. Serotonergic agents 

As previously mentioned, research findings strongly suggest that the symptoms of IBS are largely a result of a dysregulation in brain–gut communications.  Of the many neurotransmitters and hormones that mediate this bi-directional brain–gut communication, 5-HT has been found to play a pivotal role in the modulation of multiple gut functions such as motility, sensation, blood flow, and secretion (73, 74).  

4.1    
5-HT3 receptor antagonists

5-HT3 receptors are thought to play a role in intestinal reflexes and modulation of painful and non-painful (e.g. nausea) sensations (75).  Alosetron (Lotronex®; GlaxoSmithKline) was the first 5-HT3 antagonist approved for the treatment of IBS-D in women. At least six large, multi-centre, randomized, placebo-controlled, phase III clinical trials have demonstrated that alosetron is effective in reducing stool frequency and urgency, in increasing stool consistency and in improving abdominal pain and discomfort in IBS-D patients (93% female) (59). Alosetron was also shown to be effective in treating men with IBS-D (53).  The FDA approved alosetron in February 2000 but it was withdrawn from the market later that year after incidents of ischemic colitis and severe constipation were reported to the FDA (112).  Interestingly, because of the limited number of effective treatment options for people with IBS-D, public pressure from patient advocacy groups led to the reintroduction of this drug in 2002.  Presently, alosetron is available for restricted use in women, with severe IBS-D, who have failed to respond to conventional IBS treatments (52).  Another example of a selective 5-HT3 antagonist is ramosetron (YM060; Astellas).  This agent is presently in clinical development in Japan and Europe.  Phase III clinical trials in Japan indicated that ramosetron was very effective in relieving symptoms of IBS-D, without any severe adverse events (i.e., no reports of ischemic colitis), in both male and female patients.  In fact, Astellas filed a new drug application for the use of this drug in Japan in January 2006 (29).  It is unknown when clinical development of this drug will commence in US/Canada.
4.2   
5-HT4 receptor agonists

As previously seen, 5-HT4 receptor agonists strengthen prokinetic pathways, such as the peristaltic reflex (42, 75), thus promoting GI motility. Tegaserod (Zelnorm®; Novartis) was the first 5-HT4 receptor agonist to show efficacy in IBS-C patients.  At least five large, multi-center, randomized, double-blind, placebo-controlled, phase III clinical trials have evaluated the efficacy of tegaserod in mostly female patients with IBS-C. Unfortunately, too few male patients were enrolled in the clinical trials to definitively assess the efficacy of this agent in men.  Overall, the studies showed significant improvements in the overall assessment of relief as the primary endpoint, and of abdominal pain, bowel frequency and consistency, as secondary endpoints (42, 51, 113).  Although tegaserod appeared to be well tolerated in the trials, post-marketing reports showed that this agent caused ischemic colitis, which prompted an FDA advisory in April 2004 (30).  Presently, tegaserod is approved for use, for up to 12 weeks, in women with IBS-C (113).  Interestingly, recent studies have also shown that tegaserod is safe and effective in treating the overall symptoms in IBS-A patients.  Therefore, tegaserod may become the first potential treatment option for patients with IBS-A (31). 

4.3    
Mixed 5-HT4 Agonist/5-HT3 Antagonist/5-HT2B Antagonist

Renzapride (Alizyme Therapeutics Ltd.) is a unique agent in that it is a full agonist of the 5-HT4 receptor and an antagonist of both 5-HT3 and 5-HT2B receptors.  Renzapride has completed extensive phase I and phase II studies in both IBS-C and IBS-A patients, resulting in a safety database of more than 1,100 subjects.  Phase II data showed up to 25% improvement in the global symptoms of IBS, as compared with placebo; which is greater than the improvement seen with Zelnorm® (32).  Phase IIb trials also showed renzapride’s efficacy in the relief of IBS-C symptoms in both males and females (33, 109).  Moreover, in a pilot study of male and female IBS-C patients, renzapride reduced overall GI transit times and abdominal pain and improved stool consistency. Thus, renzapride may be beneficial in both males and females with IBS-C or IBS-A; further investigations of its efficacy are presently being explored in phase III trials (131). 

4.4 Selective serotonin reuptake inhibitors (SSRIs)
One of the main regulators of 5-HT signaling is the transmembrane 5-HT transporter (SERT), which clears 5-HT from the synaptic cleft and thereby ends its activity (75).  Interestingly, the expression of SERT has been shown to be reduced in mucosal biopsies of patients with IBS-C and IBS-D (57), suggesting that local control of 5-HT levels may play a role in the physiological manifestations of IBS.  In fact, because IBS is comorbid with psychiatric conditions like depression and anxiety, patients are often treated with SSRIs (agents that inhibit SERT activity).  Although many such patients report improvements in their IBS symptoms, it is unclear whether SSRIs improve symptoms through their central (i.e., improved overall mood) or peripheral (i.e., normalized 5-HT activity) effects (42).  Thus, more controlled studies with SSRIs are needed to more clearly define the role of these agents in the IBS population. 
5. CCK1 antagonists

Because CCK plays a significant role in GI motility (which is believed to be dysregulated in IBS patients), CCK antagonists may hold some promise as pharmaceuticals.  For example, the CCK1 receptor antagonist, dexloxiglumide (CR 2017; Rottapharm), was shown to accelerate gastric emptying and colonic transit time in healthy volunteers (98, 136).  Furthermore, phase II studies in female patients with IBS-C showed that dexloxiglumide was associated with improvements in abdominal pain and discomfort, as compared with placebo (136).  Nonetheless, two large placebo-controlled phase III studies in patients with IBS-C could not show the efficacy of dexloxiglumide (34).  Similarly, a pharmacodynamic study in IBS-C patients showed that dexloxiglumide had no effect on overall colonic transit or satisfactory relief of IBS symptoms (59).  The development of dexloxiglumide for the treatment of IBS-C has been discontinued in the US, but phase III clinical trials are still being pursued in Europe (35).

6. Chloride (Cl-) Channel Activators

Volume regulated Cl- channels are found in the GI tract where they contribute to several cellular functions including cell volume regulation and fluid secretion (56).  Lubiprostone (Amitiza®; Sucampo) is a selective Cl- channel activator that has been shown to increase intestinal fluid secretion.  Such a property has promising applications for patients with constipation, as increased fluid levels soften stools and promote spontaneous bowel movements (36, 106).  In fact, in January 2006, Amitiza® was approved for the treatment of chronic idiopathic constipation (90, 91).  Recent studies have also showed this drug to be effective in improving several symptoms of IBS-C such as abdominal pain, bloating and discomfort (37).  Studies that further explore lubiprostone’s uses in the IBS-C population are presently underway in phase III (2).
7. Neurokinin Antagonists

The two most active tachykinins identified in the GI tract are substance P (SP) and neurokinin A (NKA).  SP preferably binds to the NK1 receptor which plays a role in nociception; whereas NKA binds primarily to the NK2 receptor, which influences gut motility and smooth muscle contractility (81, 82).  In a small pharmacodynamic study of IBS patients, the NK1 receptor antagonist, ezlopitant (CJ-11974; Pfizer Inc.), reduced the emotional response to rectosigmoid distension and produced a trend toward decreased rectal sensitivity (114).  NK2 antagonists have also shown promise.  Extensive preclinical data from rodent models showed that NK2 antagonists can attenuate increased intestinal motility, secretion and visceral sensititivity (38, 99, 100).  Moreover, results from a phase I clinical trial with the NK2 antagonist, nepadutant (MEN 11420; Menarini) demonstrated an inhibitory effect on human intestinal motor responses and IBS-like symptoms induced by intravenous administration of NKA (105).  Nepadutant is presently in phase IIa (38), so the effectiveness of this agent in the IBS population is yet to be established. 

8. Benzodiazepines 
Another agent with the potential to treat IBS is the 2,3-benzodiazepine (2,3-BZ), dextofisopam (Pharmos Corporation).  This drug is unique in that it binds to atypical 2,3-BZ receptors in the CNS.  Binding to these receptors has been shown to reduce colonic motility and visceral sensitivity in animal models (42).  Unlike most benzodiazepines, which are often accompanied with sedating side effects, phase I data showed that dextofisopam was very well tolerated in healthy volunteers (4).  Moreover, phase II data, from both male and female patients with IBS-D or IBS-A, showed that subjects receiving the drug reported “global symptom relief” significantly more often than subjects receiving placebo (39, 101). The drug was also very well tolerated and did not cause significant constipation in these IBS patients (39).  Phase IIb studies are expected to begin in early 2007 (40).  

Summary

IBS is a very common disorder; unfortunately, few pharmaceuticals are presently available for treating its global symptoms.  Although not life threatening, IBS symptoms are chronic and unsettling, have an intensely negative effect on quality of life, and impose a substantial economic burden on patients and society.  While the precise pathophysiology of IBS remains unknown, it is well accepted that disturbances in the brain-gut axis play a role.  In the past 10 years, major advances have identified promising targets within the brain-gut axis and clinical trials are presently evaluating the effectiveness of several novel compounds directed at these targets.  Contrary to the earlier focus on peripherally restricted (i.e., GI specific) drugs, many of these new compounds (e.g., agonists and antagonists of the opioid, 5-HT4, and 2,3-BZ receptors) also have a partial, or predominant, central effect. There are many advantages to such compounds in a syndrome like IBS.  For example, they are likely to affect both the reflex responses involving GI functions as well as the abnormal perception of, and autonomic responses to, visceral stimuli.  Thus, they are likely to treat more than one of the symptoms of IBS (i.e., both GI-specific (e.g., altered bowel habits) and non-GI-specific (e.g., fatigue, excessive worry) symptoms).  In conclusion, as the molecular aspects of the brain-gut axis become better understood, the development of pharmaceuticals, to treat the global symptoms of IBS, will continue to grow.
Conclusions

What Can The Biopharmaceutical Industry Offer Patients With GERD?

To date, the prescription market for GERD is one of the most mature of the pharmaceutical markets, worth several billion dollars per year. This market is largely dominated by acid suppression agents however recent surveys have shown that approximately 40% of patients do not achieve symptomatic relief with such treatments.  The pharmaceutical industry is presently assisting these unresponsive patients by doing the following: improving the efficacy of currently marketed PPIs (i.e., extended release formulations), creating faster acting agents like P-CABs, and targeting different mechanisms of acid suppression (e.g., CCK2 receptor antagonists and gastrin vaccines).  Furthermore, because acid reflux is not the underlying cause of GERD, future therapeutic strategies are presently being explored that target the mechanical dysfunctions associated with GERD.  For example, next-generation 5-HT receptor agonists (which promote motility) (e.g., tegaserod) and GABAB agonists (which reduce TLESRs) (e.g., XP19986) are presently in clinical development for the treatment of GERD.  In conclusion, although the GERD market is considered one of the more mature pharmaceutical markets, there are still many unmet needs, in this patient population, that the biopharmaceutical industry is aiming to fulfill.    

What Can The Biopharmaceutical Industry Offer Patients With IBS?

The IBS market is large and under-penetrated and is therefore attractive for novel and efficacious therapies.  As the pathophysiology of IBS becomes better understood, one of the most important things the pharmaceutical industry can offer to IBS patients is the development of compounds that provide global symptom relief.  Moreover, because recent advances have helped to identify compounds that target the underlying pathology of IBS (e.g., abnormal GI motility and secretion, visceral hypersensitivity), many such agents are presently in clinical development.  In addition, since many IBS patients do not seek medical care because they feel there are no effective treatment options, advances made by the biopharmaceutical industry can help encourage these patients to seek therapy instead of “suffering in silence.”  Finally, many pharmaceutical companies are now in the process of developing drugs with indications for both men and women (e.g., dextofisopam, ramosetron).  This is a major improvement for male IBS patients because up until now the majority of new medications have only been tested, and approved for use, in women (e.g., tegaserod for IBS-C and alosetron for IBS-D).  In conclusion, since there is still a high level of unmet needs in the IBS population, the biopharmaceutical industry has a very strong incentive to invest in the development of more efficacious therapies.  Thus, in terms of pharmaceuticals, patients with IBS have many things to look forward to.
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