Drugs for GI Tract Disorders
Autonomic GI Physiology


The digestive tract is lined with smooth muscle.  The PNS stimulates gut muscle contraction.  The SNS inhibits gut muscle contraction.  The smooth muscle of the gut is called the muscularis propria.  It consists of longitudinal and circular muscle layers.  Depolarization goes from muscular to longitudinal, resulting in peristalsis.  
GI Disorders

Peptic Ulcer Disease (PUD)


Peptic ulcer disease (PUD) is characterized by inflamed lesions or ulcers of mucosa and underlying tissue of the upper GI tract.  Ulcers are damage to the mucus membrane that normally protects the esophagus, stomach, and duodenum from gastric acid and pepsin.  Damage can be from excessive acid production, bile acid reflux, advanced age, ischemia, inhibition of PG synthesis (ASA and NSAIDs), prolonged use of glucocorticoids, and H. pylori infection.


Risk factors for H. pylori PUD include smoking, alcohol, NSAIDs, and old age.  The number of people who have H. pylori will increase from less than 5% at birth to 20%.  Only a small amount of these people will develop PUD.  


H. pylori induced gastritis precedes development of peptic ulcers in most individuals.  It is found in the GI tract of almost all patients with duodenal ulcers and 80 of patients with gastric ulcers.


Treatment of PUD increases drugs that reduce gastric acidity (H2 blockers and PPIs), antibiotics against H. pylori, and cytoprotective agents.  
Inflammatory Bowel Disease


Ulcerative colitis is inflammation usually limited to the colon and rectum.  Crohn’s disease is inflammation that can occur anywhere in the GI tract but most commonly in the small intestine.


Symptoms include abdominal cramping, vomiting, and diarrhea.


Treatment includes glucocorticoids, mesalamine, sulfasalazine, immunosuppressants, antibiotics, and immunomodulator drugs (Infliximab).   
GI Motility Disorders


Gastroesophageal reflux disease (GERD) is characterized by esophagitis and reflux of gastric acid into the esophagus.  Associated with excessive secretion of gastric acid and decreased pressure in the LES.  Treatment is done with H2 blockers and PPIs.  Other measures that should be taken include avoidance of certain foods and bedtime snacks, elevation of upper body during sleep, and weight reduction.  

Acute gastroparesis is a delay in gastric emptying time typically seen in patients recovering from surgery, trauma, or abdominal infections.  Chronic gastroparesis is seen in patients with neuropathies that affect the stomach (DM).  Both forms are treated with cholinergic prokinetic agents that increase GI motility.


Irritable bowel syndrome is a common, non-inflammatory disorder characterized by abnormal bowel movements.  May cause constipation, diarrhea, or both.  Treatments include prokinetics, anti-cholinergics, and Tegaserod (Zelnorm).  
Dyspepsia


Dyspepsia is also known as heartburn indigestion.  It is epigastric comfort following meals.  Often associated with impaired digestion and excessive stomach acidity.  Treated with antacids and low dose H2 blockers.
Constipation


Constipation can be acute or chronic.  Can be controlled with increase dietary fiber, adequate fluid intake, and regular exercise.  Fruits, vegetables, and whole gram foods add bulk to the diet.  Various types of laxatives are also available.  Bulk forming laxatives are the safest for long-term treatment.  
Diarrhea


Diarrhea is an increase in the number and liquidity of stools.  May have various underlying causes (disease, viral, bacterial, drugs, and foods).  May be mild or life-threatening.  Most cases are mild and self-limiting which will resolve in 1-3 days without treatment.  If fever and systemic symptoms are absent, most can be controlled with dietary restriction and fluid and electrolyte replacement.  Anti-diarrheals may be given as adjunct treatment.  
Nausea and Vomiting


Vomiting (emesis) is a physiologic response to presence or irritating and potentially harmful substances in the gut or blood stream.  Can also result from vestibular stimulation (motion sickness) or physiologic stimuli such as fear, dread, anxiety, sights, and odors.  Often preceded by nausea.  Various types of anti-nausea and anti-emetics are also available
Drugs that Decrease/Neutralize Gastric Acid Secretion

Normal Gastric Acid Secretion


There are three areas of secretion in the gastric mucosa: 1) cardiac gland area secretes mucus and pepsinogen 2) parietal area (fundus/body) secretes hydrogen ion, pepsinogen, and bicarbonate in response to gastrin, cholinergic, and histamine stimulation 3) pyloric gland area (antrum) secretes gastrin and mucus.

Factors mediating gastric acid secretion include cephalic-vagal axis, gastric distention, local mucosal chemical receptors, and different food content.  Negative feedback – the secretion of gastric acid will be inhibited by acid itself, usually the pH reaches 2.5.  
Antacids


Antacids chemically neutralize stomach acid.  It increases the pH of the stomach from 1-2 to over 3, thereby relieving the pain of dyspepsia and acid indigestion.  Can be used to treat hyperacidity and gastritis.  They are not really used anymore for PUD and GERD because large doses at frequent intervals are needed.  


Antacids are made y the combination of an anion and a cation.  Cations carry the anion and the anion neutralizes the acid.  Cations commonly used in antacids include aluminum, magnesium, calcium, and sodium.  Anions commonly used are hydroxide, carbonate, bicarbonate, and citrate.


Calcium (CaCO3) (Tums) can also be used to treat hyperphosphatemia and osteoporosis.  Contraindicated in hypercalcemia, renal calculi, and Hypophosphatemia.  ADRs include constipation, headache, acid rebound with high doses, alkalosis, increase calcium, and decreased phosphorus.  DDIs are decreased absorption of iron.  Patients who need to take iron supplementation for anemia should space out the meds.  


Aluminum (Al (OH)3) (Amphogel) is more reserved for hyperphosphatemia.  Caution should be used in patients with CHF, renal failure, edema, and cirrhosis.  ADRs include increased constipation, chalky taste, stomach cramps, increased risk of fecal impaction in the elderly, and decreased phosphorus.


Magnesium (Mg (OH)2) (Milk of Magnesia) is also used as a laxative.  Caution should be used in patients with CNS depression and impaired renal function.  ADRs include hypotension, cramping, diarrhea, gas formation, and muscle weakness.  DDIs include digoxin and lithium.  


Aluminum and Magnesium are usually used together in products like Mylanta or Maalox.  This is the most common antacid combination.

Simethicone is available alone (Phazyme) or in combination with antacids for relief of gas.
Drugs Interactions of Antacids – 

1) Decreased bioavailability (direct effect via adsorption).

A) Aluminum – phenothiazines, digoxin, tetracyclines, fluoroquinolones, and steroids
B) Calcium – iron, phenothiazine, tetracyclines, and fluoroquinolones
C) Magnesium – coumadin, digoxin, tetracyclines, and fluoroquinolones
2) Alkalinization of urine – changes kinetics

A) Salicylates and Phenobarbital

B) Weak acid has increased excretion in alkaline urine
H2 Receptor Blockers


H2 receptor blockers have a similar structure to histamine.  They bind to H2 receptors on the parietal cells and inhibit the meal stimulating secretion and basal secretion of gastric acid.  This causes a reduction in volume and concentration of gastric acid which in turn decreases pepsin production by blocking the conversion of pepsinogen to pepsin.


Used to treat dyspepsia, PUD, and GERD.  IV is used for stress ulcer prophylaxis and combined with H1 blockers for allergic reactions.  OTC formulations in lower strength are used for treatment and prevention of dyspepsia.  These should be taken 30-60 minutes prior to meals.


H2 receptor blockers are well absorbed PO even though the short half-life can be dosed BID or QD because of longer DOA (12 hours).  For PUD and GERD, QD-BID regimen raised the pH above 4 for 13 hours/day.  HS dosing assures that acid secretion is suppressed all night. 

Drugs in this group include Cimetidine (Tagament), Ranitidine (Zantac), Famotidine (Pepcid), and Nizatidine (Axid).  All are available PO and IV with the exception of Nizatidine which is only available PO.


These drugs must be adjusted in patients with renal impairment.  The dose can be reduced by 50% in patients with CrCl <50ml/min.  DDI – Cimetidine is a CYP450 enzyme inhibitor.  It blocks the metabolism of BDZ, salicylates, phenytoin, and warfarin.  Ranitidine is also a P450 enzyme inhibitor but to a lesser extent.  ADRs – Cimetidine causes gynecomastia, slurred speech, confusion, and lethargy.  All agents in this class cause headache, itching, and dizziness.   
Proton Pump Inhibitors


Proton pump inhibitors inhibit the proton pump (H+, K+, ATPase) located in the membrane of parietal cells and blocks secretion of gastric acid.  They are the most effective drugs against PUD, GERD, erosive esophagitis, hypersecretory conditions, and Zollinger-Ellsion syndrome.  These drugs are fairly well tolerated but have minor GI effects like constipation.


Drugs in this group include Omeprazole (Prilosec), Lansoprazole (Prevacid), Rabeprazole (Aciphex), Pantoprazole (Protonix), and Esomeprazole (Nexium).  They should only be used for a maximum of 8 weeks for short term treatment of active disease.  They may be used longer for maintenance at a lower dose.  All are substrates of the CYP450 system, so other drugs will affect their metabolism.
Other Drugs
Cytoprotective Agents


Sucralfate (Carafate) is a viscous polymer that adheres to ulcers and epithelial cells and inhibits pepsin catalyzed hydrolysis of mucosal proteins and stimulates prostaglandin synthesis.  All these actions contribute to the formation of a protective barrier of the GI tract.  Works best in a pH 1-2.  Used for PUD but is less effective than H2 blockers or PPIs.  Should not be taken with antacids.


Misoprostol (Cytotec) is pregnancy category X.  It is a prostaglandin E1 analog.  It inhibits gastric acid secretion and promotes secretion of mucus and bicarbonate.  Primarily used for the prevention of ulcers in patients on long-term NSAID therapy.  Must be given QID with food for the duration of NSAID therapy.  ADRs include n/v/d, abdominal cramping, flatulence, and headache.  It is also used for medical termination of pregnancy under 49 days.  Non-FDA approved for cervical ripening (induce labor)
Treatment of H. Pylori Infection


Single drug therapy is rarely effective, so multi-drug therapy is commonly used.  A PPI or H2 blocker is used in combination with 2 or more of the following: amoxicillin, bismuth, Clarithromycin, Metronidazole, or tetracycline.  The gastric acid inhibitor is used for 6-8 weeks and the antibiotic is used for 2 weeks.  A PPI and two antibiotics produced eradication rates of approximately 90%.  The most effective agent is a PPI, amoxicillin, and Clarithromycin (PrevPack).  
Laxatives

Laxatives stimulate intestinal peristalsis and increase movement of material through the bowel.  They increase intestinal transit time and facilitate defecation.  They are used to treat constipation, evacuate the bowel prior to surgeries or diagnostic procedures, or to eliminate drugs or poisons from the GI tract in cases of overdoses or poisonings.  
Bulk Forming Laxatives


Bulk forming laxatives are indigestible hydrophilic substances that resemble natural dietary fiber.  They induce H2O retention in the GI lumen and increase the mass of intestinal material.  This causes mechanical distension of the intestinal wall and stimulates peristalsis.  Takes 1-3 days to see the effect.


Include Psyllium (Metamucil), methylcellulose (Citrucel), polycarbophil (Fibercon), and bran.  Must be taken with a lot of water because if not it will result in constipation.  These are the only laxatives that can be used safely for a long term basis.  
Osmotic Laxatives


Osmotic laxatives attract and retain water in the lumen, increasing intraluminal pressure and stimulating peristalsis.  May only be taken orally in liquid or chewable tablets or as enemas.  Rapid acting.  They are most often used for bowel evacuation prior to surgery, diagnostic exams, or for drug overdose or poisonings.  Caution should be taken in patients with renal function.  Contraindicated in renal failure.

Include magnesium salts citrate (Citroma), sulfate (Epsom salts), and oxide (milk of magnesia).  Sodium phosphate (Fleet Phospho-Soda) could cause hyperphosphatemia.  Lactulose (Chronulac) is used in chronic hepatic encephalopathy.  Polyethylene Glycol-electrolyte solution (Colyte, Golytely) contains electrolytes that are isotonic, so that there is no electrolyte imbalance.  
Stimulant Laxatives


Stimulant laxatives act directly on intestinal mucosa (irritant) to alter fluid secretion of stimulate peristalsis.  Senna (Senokot) prevents constipation in narcotic patients.  It is plant derived.  Cascara sagrada is derived from dried bark.  Bisacodyl (Dulcolax) is used pre-op.  Castor oil (Ricin) causes the most severe peristalsis, enough to induce uterine contraction during pregnancy.  


ADRs include loss of normal bowel function with excessive use, n/v/d, and malabsorption of nutrients.  Sometimes abused to lose weight.  
Surfactant Laxatives


Surfactant laxatives are a.k.a. stool softeners.  They facilitate incorporation of water into fatty intestinal material and thereby soften the stool.  Useful in patients with hemorrhoids or when straining should be avoided (post surgery).  Anesthesia causes constipation.  Include Docusate (Colace).

ADRs include bitter taste, mild cramping, diarrhea, and dependence with long term use.  In children, glycerin suppositories cause local irritation of the colon.
Antidiarrheals

Diarrhea is often a symptom of an underlying disease.  If bacterial in origin, the diarrhea should be allowed to run its course so the bacteria can be expelled from the body (self-limiting).  The bacteria can also be attacked with antibiotics.  The most serious side effect of diarrhea is dehydration and subsequent electrolyte disturbances, so fluid replacement is paramount, especially in the very young and very old.  Pedialyte, Rehydralyte, or Gatorade can be used.


Opiods are all morphine and Meperidine related compounds.  They are the most efficacious Antidiarrheals.  They induce a segmental contraction which prevents normal peristalsis.  An opiod which selectively activates intestinal opiod receptors with little effect on CNS opiod receptors should be chosen for use.  Diphenoxylate + Atropine (Lomotil) is useful.  Diphenoxylate is the opiod component.  It is related to Meperidine and is about 10x more potent than morphine as an anti-diarrheal.  Atropine prevents the abuse of diphenoxylate and assists via its anti-cholinergic side effects.  Ioperamide (Imodium) is 40x more potent than morphine as an anti-diarrheal.  Available OTC.  These should not be used in c. difficile colitis.  


Locally acting drugs either adsorb water and toxins or inhibit intestinal secretions.  They are not as effective as opiods as anti-diarrheals but can be used safely in infectious diarrhea including c. difficile.  Bismuth subsalicylate (Pepto-Bismol) is contraindicated in sulfa allergy.  It inhibits intestinal secretions.  Good for infectious diarrhea and traveler’s diarrhea.  Others are kaolin-pectin (Kaopectate) and activated charcoal.  

Antibiotics such as Bactrim and fluoroquinolones are effective for traveler’s diarrhea.  Metronidazole and vancomycin are used for c. difficile colitis.


Octreotide (Sandostatin) inhibits motility and fluid secretion.  Used for diarrhea caused by tumors of the GI tract and AIDS-related diarrhea.  
Emetics


Ipecac Syrup directly stimulates the CTZ and also irritates the gastric mucosa.  Used to induce vomiting in poisonings for children and adults.  It is contraindicated in semi-comatose or unconscious patients, severely inebriated patients, seizures, shock, or in loss of the gag reflex.  DO NOT se after ingestion of gasoline, kerosene, volatile oils, or other caustic substances.  

ADRs include depression, drowsiness, bradycardia, hypotension, cardiac arrhythmias, and potentially fatal myocarditis with excessive doses
Anti-Emetics


Emesis is initiated by a nucleus of cells in the medulla called the vomiting center.  The vomiting center is activated by vagal impulses from the gut via the solitary tract nucleus, the CTZ, cerebral cortex, and vestibular apparatus.
Receptors Involved in Emesis

1) Gut – 5-HT3 (serotonin)

2) Solitary tract nucleus – 5-HT3, D2, M1, H1
3) CTZ – 5-HT3, D2, M1.  Activated by blood-borne substances, including chemotherapy agents

4) Vestibular apparatus – M1, H1
Antihistamine Anti-Emetics


Antihistamine anti-emetics block peripheral stimulation of the H1 receptor from the vestibular apparatus to the vomiting center.  They are most effective in relieving nausea and vomiting associated with motion sickness.


Includes Dimenhydrinate (Dramamine), Diphenhydramine (Benadryl), and Meclizine (Antivert).  

ADRs include drowsiness, headache, blurred vision, dry mouth, and constipation 
Anticholinergic Anti-Emetics


Anticholinergic anti-emetics will decrease secretions, GI motility, and block muscarinic receptors at the pathways which stimulate the CTZ.  Scopolamine patch (Transderm-Scop) is used to prevent motion sickness.  Should be applied before a cruise, drive, or flight.  Lasts for 3 days.  ADRs include disorientation, drowsiness, headache, blurred vision, dry mouth, and constipation.  


Antispasmodics primarily decrease GI motility and decreases gut stimulation of CTZ.  Primarily used as antispasmodics in GI disorders, especially for IBS.  Hyoscyamine (Levsin), Dicyclomine (Bentyl), and Hyoscyamine + Atropine + Phenobarbital (Donnatal).  
5HT3 Receptor Antagonists 


5HT3 receptor antagonists block 5-hydroxytryptamine (Serotonin) receptors.  5HT3 receptors are found in the gut, solitary tract nucleus, and CTZ.


Include Ondansetron (Zofran), Granisetron (Kytril), Dolasetron (Anzemet), Palonosetron (Aloxi).  ADRs for all include headache, drowsiness, diarrhea, and rarely bradycardia. 


Used primarily for the prevention of chemotherapy induced n/v.  Ondansetron and dolasetron are also FDA approved for prevention of post-op n/v.  Ondansetron and granisetron are also FDA approved for prevention of radiation induced n/v.  Dolasetron is FDA approved for treatment of post-op n/v in the IV form only
Dopamine (D2) Receptor Antagonists

Phenothiazines (PTZ) primarily block dopamine (D2) receptors at the CTZ, thereby decreasing stimulation of the vomiting center.  Also block D2 receptor in the solitary tract nucleus.  As a class, PTZ have anti-emetic, anti-psychotic, anticholinergic, antihistamine, and sedative properties.  Include Prochlorperazine (Compazine), Promethazine (Phenergan), and Trimethobenzamide (Tigan).  ADRs include sedation, confusion, anticholinergic, orthostatic hypotension, hematologic SEs, and extrapyramidal SEs.


Metoclopramide (Reglan) performs the same action of PTZ except than can also inhibit vomiting by blocking 5HT3 receptors in the gut and CTZ.  Also a prokinetic agent.  Available PO/INJ.  ADRs include CNS depression, restlessness, hematologic SEs, potentiates anticholinergic SEs, and EPS.  Rarely causes suicidal ideation and seizures.
Miscellaneous


Dronabinol (Marinol) is an oral formulation of tetrahydrocannabinol (THC).  Approved for the treatment of chemotherapy induced nausea and vomiting and as an appetite stimulant in AIDS anorexia.  The exact MOA is unknown.  Has CNS effects.


Aprepitant (Emend) has FDA approved use in combination with other anti-emetics for prevention of acute and delayed n/v associated with initial and repeat courses of highly emetogenic chemotherapy.  It is a selective high-affinity antagonist of human substance P/neurokinin 1 receptors.  Has little or no effect on other receptors involved in the emesis pathway.


Emetrol is a phosphorated carbonated solution (OTC).  Used to relieve nausea caused by intestinal flu, stomach flu or food and drink indiscretions.  It has direct local action on the GI tract that reduces smooth muscle contraction.  Should be avoided in DM because of high sugar content.  
Prokinetic Agents


Prokinetic agents are used to treat GI motility disorders (GERD, gastroparesis, IBS).  They increase GI motility in the esophagus, stomach, and small intestine.  Cisapride stimulates 5HT4 receptors.  Metoclopramide blocks D2 receptors.
Irritable Bowel Syndrome


Treatment for IBS includes prokinetics, anticholinergic antispasmodics, and Tegaserod.  Tegaserod (Zelnorm) is FDA approved for short-term treatment of IBS with constipation as the primary symptom.  It is a partial agonist of 5HT4 receptor in the GI tract, stimulating peristalsis and intestinal secretion.  It has NO affinity for 5HT3 or dopamine receptors.


ADRs include headache, migraine, and CVS.
Inflammatory Bowel Disease


The mainstay of IBD treatment is 5-aminosalicylates.  Sulfasalazine (Azulfidine) is a combination of sulfapyridine and 5-ASA.  ADRs include n/v and headaches.  Mesalamine (Pentasa, Asacol) targets 5-ASA so it avoids sulfapyridine reactions.  Can be used in sulfa allergic patients.  Also available as suppository (Canasa) or enema (Rowasa).

Treatment can also include glucocorticoids and immunosuppressants.  
Infliximab (Remicade)


Infliximab (Remicade) is FDA approved for Crohn’s disease and rheumatoid arthritis.  It is a monoclonal antibody which binds to TNF-alpha to neutralize its activity and inhibit its binding with receptors, reducing the infiltration of inflammatory cells and TNF-alpha production in inflamed areas of the intestine.


TB, invasive fungal infections, and other opportunistic infections can occur.  Should not be given in doses greater than 5mg.kg in CHF.  Infusion related reactions can be controlled by adjusting concentration and infusion rate.


ADRs include headache, fatigue, insomnia, musculoskeletal, and URTI.  
