GI Pharmacology: see notes for diagrams

Drugs for Peptic Ulcer Disease
	Drug
	Examples
	Mechanism of Action
	Indications
	PK
	Toxicity/Side Effects
	Miscellaneous

	Acid Neutralizing Drugs
	Eating Food
	1. Food increases gastric pH to 5 for ~1 hr

2. Buffering

3. increase bicarb production from increased gut blood flow
	
	
	
	

	
	Antacids

CaCO3: Maalox, Tums
MgOH: Milk of Magnesia
Mg2+/Al3+: Gelusil, Riopan, Kudrox, Mylanta
	1. basic cmpds neutralize HCL

2. incr intralum pH

3. inactivate pepsin and bind bile salts
	· duodenal ulcers

· GERD

· Prophylax for stress ulcers


	· Require frequent administration

· NaHCO3 is very water soluble and RAPIDLY CLEARED

· CaCO3: rapid neutralization, but abdominal distention and belching (due to CO2)

· Mg2+/Al3+ combo: slower absorption and longer activity


	Can interfere with abs/bioavail of other drugs

Can alter gastric motility (Mg/Al), causing diarrhea or constipation

Effects from cation absorption

Milk of Magnesia: diarrhea

Maalox and Tums: bloating and belching
	Caution in renal patients due to cation absorption

	Acid Reduction (Antisecretory)
	H2 Receptor Antagonists:

Cimetidine (tagamet)

Ranitidine (zantac)

Famotidine (pepcid)

Nizatidine (axid)


	1. competitive inhibition of histamine with H2 receptors on parietal cell

2. inhibition of G.Acid secretion stimulated by histamine and other H2 agonists (secretagogues)

3. inhibition of basal acid secretion (fasting)

4. inhibition of physiologic acid secretion (feeding)
	· duodenal and gastric ulcers

· prevention of duodenal ulcer recurrence

· GERD
	· peak concentration in 1-2 hrs

· renal elimination

· short half life (given 2-4x/day)
	Inhibition of P450 (interact w/warfarin, theophylline, phenytoin)

CNS confusion, somnolence

Gynecomastia
	

	
	Proton Pump Inhibitors:

Omeprazole (prilosec, zegerid)

Lansoprazole

Rabeprazole

Pantoprazole

esomeprazole
	1. sulfinyl group protonated in parietal cells ( sulfonamide

2. interacts covalently and irreversibly with H/K ATPase

3. de novo synthesis of proton pumps is required to restore acid secretion
	· esophageal, duodenal, gastric ulcers, esp if not responsive to H2 antagonists

· GERD erosive esophagitis

· ZE Syndrome
	Degraded by stomach acid

Metabolized by liver
	False alarm regarding hypergastrinemia/hyperplasia and ECL carcinoid tumors (gastrin is only trophic for rats)

Bacterial overgrowth of small bowel

Inhibitor of C P450: interacts with diazepam, warfarin, phenytoin

Increased community aquired pneumonia

Increased risk of osteoporosis and fractures
	** Dose related inhibition of of gastric acid secretion long after drug disappears from plasma

Reduces daily acid production by 95%

Ranitidine (H2 antagonist) at bedtime blocks the nocturnal gastric acid breakthrough from omeprazole alone

	Protective Mucosal Barrier
	Sulfated Polysaccharides:

Sucralfate (carafate)
	1. activated by acid: forms viscous adherent gel that binds electrostatically to positive proteins in ulcer craters

2. inhibits pepsin

3. adsorbs bile salts
	· prophylax for stress induced ulcers

· peptic ulcers

· chemical gastritis from bile reflux
	Most of dose excreted unchanged in stool

Accumulation of aluminum with renal failure

Should be taken on an empty stomach to avoid binding to dietary protein and aluminum
	Constipation (from decreased gastric motility)

Reduces bioavailability of phenytoin, digoxin, theophylline, and others 


	

	
	Prostaglandin Analogue:

Misoprostol

Synthetic prostaglandin E analogue
	1. Antisecretory; inhibits basal and nocturnal gastric acid secretion by direct action on parietal cells

2. Cytoprotective; increases production of gastric mucus and secretion of bicarbonate

	Prevention of gastric ulcers in patients requiring long term NSAIDS
	Well absorbed orally
	Uterine contractions – abortifacient

Diarrhea, abdominal cramping; can be used to treat constipation
	

	Eradification of Helicobacter Pylori
	
	H.Pylori decreases antral D cells ( decreased somatostatin ( increased gastrin ( increase in acid production
	
	Effectiveness of pH dependent antibiotics (amoxicillin, clarithromycin) is enhanced by simultaneous acid suppression with a proton pump inhibitor or H2 blocker (add omeprazole and increase success 4 fold)

10-14 day course is more effective than a shorter course
	
	H.Pylori: gram negative rod associated with gastritis, gastric ulcers and duodenal ulcers, gastric adenocarcinoma, gastric B cell lymphoma

50% of world’s population infected

15% of those affected develop a duodenal ulcer

single antibiotic regimens don’t work and lead to resistance


Treating Gastric Motility Disorders

	Drug
	Examples
	Mechanism of Action
	Indications
	PK
	Toxicity/Side Effects
	Miscellaneous

	Cholinergic Agents
	Choline derivatives: Bethantechol (i.e. Ach imitator)

AchE inhibitors: Neostigmine
	Choline derivative: muscarinic receptor activation

AchE inhibitor: increased availability of acetyl choline
	
	
	
	

	Dopamine Receptor Antagonists
	Benzimidazole derivatives: domperidone
	DA receptor antagonism
	
	
	
	Domperidone does not cross BBB; no somnolence or extrapyremidal effects

	Serotonin (5HT) receptor modulation
	Substituted benzamides: Cisapride, metoclopramide

	1. Primary: 5HT4 receptor activation

2. Secondary: DA antagonist and cholinergic agonist

3. Enhances smooth muscle propulsive contractions of upper gut, accelerates gastric emptying

4. Increases LES tone: treats GERD

5. Antiemetic effect by CNS DA antagonism
	· Gastroparesis (diabetic, idiopathic)

· GERD, increases LES tone and promotes emptying

· Nausea/vomiting
	Half life increases in renal failure
	Somnolence, nervousness

Reversible extrapyramidal motor effects (Parkinson like)

**Irreversible tardive dyskinesia
	Cisapide associated with arrhythmias and death



	
	Aminoguanidine indole: tegaserod
	1. Binds with high affinity to 5HT4 receptor; partial agonist

2. Stimulates peristaltic reflex and intestinal secretion; inhibits visceral sensitivity

3. Enhances basal motor activity and motility of entire gut
	· IBS with constipation

· Chronic idiopathic constipation

· Off label: gastroparesis and GERD
	Hepatic metabolism, renal elimination

2/3 dose excreted in stool unchanged; 1/3 excreted in urine as metabolite

coadministration with food reduces bioavailability by 40-65%
	diarrhea
	Has been pulled from FDA

	Motilin like agents
	Macrolides: erythromycin
	Motilin receptor activation
	
	
	
	


Drugs for Nausea and Vomiting

	Drug
	Examples
	Mechanism of Action
	Indications
	PK
	Toxicity/Side Effects
	Miscellaneous

	Serotonin Antagonists
	Ondansetron (zofran)
	1. Block serotonin effect receptors in CNS (chemoreceptor trigger zone and nucleus tractus solitarius of vagus)

2. block vagal afferent fibers in GI tract
	· Chemotherapy induced nausea

· Nausea from upper gut irradiation

· Hyperemesis of pregnancy

· Postoperative nausea

· NOT motion sickness (motion sickness mediated by hist and musc receptors)
	Well absorbed from the gut

Metabolized by P450; dose reduced in liver dysfunction

Antiemetric effect lasts long after drug cleared. Half life is less critical. Dosing once/day works
	Very well tolerated
Constipation/diarrhea, headache, light-headedness

Minor EKG changes not clinically significant

FINANCIAL toxicity (24 mg tablet = $80)
	

	Dopamine Antagonists
	Phenothiazines: prochlorperazine (compazine)
Chlorpromazine (thorazine)
	Block dopamine at CTZ
	
	
	
	Better than ondansetron with MOTION SICKNESS due to antihistamine and anticholinergic action

	Prokinetic Drugs
	Metoclopramide (raglan)

Domperidone (motilum)
	Antidopamine activity in CTZ as well as prokinetic effect
	
	
	
	

	Antihistamines
	Hydroxyzine (vistaril)

Promethazine (phenergan)

Diphenhydramine (Benadryl)
	H1 receptor antagonists
	Motion sickness

Post-op emesis
	
	
	

	Anticholinergics
	scopolamine
	Antimuscarinic receptor (M receptor) activity
	Motion sickness
	
	
	

	Cannabinoids
	Dronabinol (marinol)
	Unknown exact mechanism of action; probably stimulation of cannabinoid receptors in vomiting center
	
	4-6 doses/day
	
	Also stimulates appetite, so often used in AIDS patients

$70 per day


Anti-Diarrheal Drugs

Basic information: fluid content is the principal determinant of stool volume and consistency (water is 70-85% of stool weight); extent of fluid absorption parallels transit time; Absorptive capacity of colon is 4-5 L/day. Normally absorbs 1.4 L.

	Drug
	Examples
	Mechanism of Action
	Indications
	PK
	Toxicity/Side Effects
	Miscellaneous

	Intraluminal Agents
	Hydroscopic Agents:

Psyllium (Metamucil), polycarbophil (Fibercon), carboxymethylcellulose (Citrucel), kaolin clay and pectin (kaopectate or pepto bismol)
	Absorbs excess water
	
	
	
	

	
	Bile Salt Binders: cholestyramine (questran)
	Bind excess bile salts to avoid colon secretion
	
	
	
	

	
	Bismuth Compounds: bismuth subsalicylate (pepto bismol)
	Anti-secretory

Anti-inflammatory

Anti-microbial
	
	
	
	

	Antimotility and Antisecretory Agents
	Opioids: loperamide (Imodium AD), difenoxin (motofen- includes atropine), diphenoxylate (lomotil- includes atropine)
	Action at several types of opioid receptors to:

1. increase fluid absorption

2. increase fluid secretion

3. decrease motility (increase transit time) by decreasing longitudinal activity (propulsive) and increasing segmentation activity (nonpropulsive)
	Diarrhea
	Limited ability to penetrate CNS in normal doses

Loperamide: 40-50 times more potent than morphine; quick onset after oral dosing; peak plasma levels in 3-5 hours, half life is 11 hours, hepatic metabolism
	Overdose: sedation and paralytic ileus
	


Treatment of Constipation: Laxatives and Cathartics

General MOA: (1) retention of intraluminal fluid by hydrophilic or osmotic mechanisms (2) decreased net absorption of fluid (3) effects on motility by inhibiting segmenting (nonpropulsive) contractions and by stimulating propulsive contractions

	Drug
	Examples
	Mechanism of Action
	Indications
	PK
	Toxicity/Side Effects
	Miscellaneous

	Emollients or Stool Softeners
	Dioctyl sodium sulfosuccinate (docusate sodium = colace)
	Anionic detergent lowers surface tension of stool permitting penetration of water and fats
	More for hard stools than for constipation
	
	
	

	Bulk forming laxatives
	
	Hydrophilic compounds hold water in stool and might inhibit absorption of bile acids stimulating water secretion by colon
	IBS mostly (sometimes constipation)
	
	
	

	Mg Salts
	
	Osmotic effect: Mg is poorly absorbed leading to increased water retention by stool

Might stimulate CCK secretion, which stimulates bowel motility and secretion
	
	Hypertonic solutions more effective than isotonic solutions
	
	Most commonly used

	Stimulant Cathartics
	Bisacodyl (correctol, dulcolax, feen-a-mint)
Anthraquinone laxatives (aloe, cascara, senna)

Ricinoleic acid (castor oil)
	1. Irritate the gut, turning it into a secretory organ which increases intestinal motility
2. direct effect on enterocytes, enteric neurons, and muscle
	
	Don’t use anthraquinone laxatives long term
Ricinoleic acid: can produce laxative effect in 1-3 hrs
	Anthraquinone laxatives” reversible melanosis coli, “cathartic colon” with years of laxative abuse, dilated and ahaustral colon, neuron loss and atrophy of muscularis propria)
Ricinoleic acid: unpleasant taste and potential toxic side effects on intestinal epithelium and enteric neurons
	Ricinoleic acid: derived from bean of castor plant.

	Nonabsorbable Sugars
	Lactulose, glycerin, sorbitol, mannitol 
	Osmotic effect of FA causes fluid secretion and increased motility in colon
	
	Not absorbed by small intestine; reach colon where metabolized to osmotically active organic FA
	
	


