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Drugs Used in Gastrointestinal Diseases

Mary Lord sent an e-mail to us concerning a diagnostic/practice COMLEX exam.  Kaplan scores this and returns the results to let you know where you stand.  She’ll send out another note because they’re considering extending the deadline for this. This test is in the library to be checked out.
I.
Introduction

· This is the 1st part of this information.  The rest will be covered on Thursday (same ppts).  Dr. Martin provided a set of comprehensive syllabus notes because so many areas are covered.
A.
Student Performance Objectives

· Peptic Ulcer Disease (PUD)

· Gastroesophageal Reflux Disease (GERD)

· Constipation and Diarrhea

· Antiemetic and Prokinetic Agents

· Inflammatory Bowel Disease*
· Antibiotic Associated Colitis*
· Irritable Bowel Syndrome*
· Drugs and Liver Disease*
· Relate characteristics of the disease process to the rationale for drug therapy
· *More topics included this year because Dr. Dubin wanted better coverage of the drugs.
B.
Hepatic Portal Circulation
· Entire GI tract venous drainage is into the hepatic portal vein → liver → then systemic circulation
· Important for oral drugs because not all of drug makes it into body.
· Oral bioavailability = amount of drug entering systemic circulation.  It’s usually < 100% of the total amount of drug taken.
· Realize impact of drugs on liver.  Number of toxic reactions.  Many are idiosyncratic—unpredictable.  Others occur with excess drug to the liver, i.e. Tylenol toxicity.
C.
Key Facts –Drugs & GI System

· Most drugs taken p.o. – Oral bioavailability
· All blood from GI tract goes directly to liver via hepatic-portal vein
· Liver is key site of drug metabolism, including cytochrome P450 system
· Many p.o. drugs are metabolized by first pass through liver before reaching general circulation.  First pass metabolism.
· Decreased liver function (cirrhosis, hepatitis, etc.) or deceased liver blood flow may lead to decreased drug metabolism, and thus, elevated drug levels

· adjustment in dose are required. ↓ metabolism → ↑ levels
· Look at the therapeutic window
· Gastrointestinal irritation –nausea, vomiting, diarrhea, constipation, etc.-is a very common side effects of many drugs.  Almost all drugs cause nausea and vomiting.
· Liver toxicity can be caused by many different drugs.

· Cholestasis

· Fatty Liver

· Hepatitis

· Necrosis

· Granulomas

II.
Peptic Ulcer Disease (PUD) and Gastroesophageal Reflux Disease (GERD)

A. Cellular Pharmacology of Gastric Secretion
· Gastric Parietal Cells - have a proton pump (H+, K+-ATPase) responsible for acid secretion in response to:

· histamine

· acetylcholine

· gastrin

· Acid secretion is inhibited by prostaglandins
· Epithelial cells - secrete HCO3- and mucus

B. Anatomy
· Slide 7:  Oxynic glands line stomach with parietal cells—endocrine cells and chief cell—surface mucous producing cells.
· Slide 8
· Parietal cells make the acid.  
· Major player is H+, K+ ATPase pump.  
· Churns out protons =  acid entering the stomach lumen.
· pH = 2.  10,000x more acidic than plasma
· Superficial epithelial cell provides protective layer for stomach 
· Formed by phospholipids, mucus, and bicarb—secreted by epithelial cells.  Helps neutralize acid near cell surface.
· Balance of protective and aggressive factors.  Imbalance → ulceration.
· Helicobacter pylori is another causative (aggressive factor) agent.
· Histamine = major acid stimulant.
· Produced by ECL cells in response to acetylcholine and gastrin.
· Acts on H2 receptors on parietal cells → activates proton pump thru cAMP path → acid
· H2 receptor blockers block via competitive inhibition.
· Other stimuli
· Gastrin can activate parietal cell through its own receptor
· Acetylcholine 
· Prostaglandins—phospholipid derived signaling cells
· Act on own receptors on parietal cells to inhibit acid production
· Stimulate superficial epithelial cells to make mucous and bicarb
· NOT ON PICTURE:  Stimulate vasodilation in mucosal vasculature to improve blood flow through mucosa.
· NSAIDS inhibit PG production.  
· Take these & inhibit positive effects of PG:  ↑ acid production, ↓ protection, no ↑ blood flow. 
· NSAIDS (prototype:  aspirin) are ulcerogenic & are 1 of major causes of peptic ulcer disease. (This was repeated several times in the lecture.)
· Stimulate muscarinic cholinergic receptors→ produce acid.  Muscarinic blocker should be good acid blocker.  Does work; not used because of bad side effects.
· Slide 9
· Resting parietal cell:  Has membrane vesicles containing proton pump. These must be recruited to surface membrane when activated.
· Note canaliculus.
· Major stimulus is histamine acting thru  cAMP dependent pathway.
C.
Etiology of PUD and GERD

· Peptic ulcers occur in areas of the GI tract exposed to acid and pepsin when there is an imbalance of aggressive versus protective factors.

· Aggressive factors: Acid, Pepsin, Helicobacter pylori
· Protective factors: 

· bicarbonate and mucus secretion and phospholipids
· prostaglandin formation
· Picture
· Have aggressive factors.  Mucous gel overlies cells to protect them.  Must have the balance.
· Must have good blood flow—reason PG are important.  When NSAIDs are used, this is inhibited. 
C.
Ulcers

· Duodenal ulcers 

· Frequently associated with high acid output

· especially at night
· Inadequate duodenal bicarbonate secretion and insufficient neutralization of acid are important contributing factors

· Gastric ulcers

· normal or reduced acid output suggesting altered mucosal resistance as a primary factor.  Key because it’s a change in protective factors
D.
Gastroesophageal Reflux Disease (GERD)

· Heartburn is reported by ~90% of people at some time
· Chronic GERD & episodic heartburn are extremely common (10%-50% of US).

· Patients often self-medicate with over-the-counter antacids.

· GERD is associated with repeated transient relaxation of the lower esophageal sphincter, incompetence of the sphincter, delayed gastric emptying, and impaired resistance of the esophageal mucosa to injury.
· Reflux of stomach contents into esophagus causing heartburn.  Can be serious.  Chronic → Barrett’s esophagus, a precancerous condition.
E.
Etiological Factors

· Aspirin and other NSAIDs inhibit prostaglandin synthesis

· Alcohol in excess

· Smoking
· Helicobacter pylori infection
· Many people carry the bacterium, but not all get ulcers.
· Took a long time to prove this as a causative factor.
· Eliminate H. pylori, ↓ incidence & recurrence of ulcers.
F.  Prostaglandins & NSAIDS

· Picture shows mechanism

· Prostaglandins (PG) and leukotrienes (LT) produced in path shown.

· Derived from membrane lipids.

· Tails off membrane are fatty acids (FA).

· Phospholipase A2 hydrolyzes and releases free fatty acids.

· Key FA is arachidonic acid.  Arachidonic acid pathway.
· Stimulated by hormones (bradykinin, angiotensin) & others.

· Occurs in almost all body tissues, but each produces different PG.

· 2 paths shown:  1 to produce LT & the other to make PG. 

· Cyclooxygenase pathway takes arachidonic acid & turns it into PGG2, a precursor to all other PGs.

· NSAIDS bind to cyclooxygenase & inhibit it.  Aspirin binds irreversibly.

· 2 types of cylooxygenase:  Cox 1 & Cox 2.  NSAIDS inhibit both forms.  Cox 2 inhibitors only inhibit Cox 2, which is found only in tissues with inflammatory response.  

· NSAIDS don’t affect LT path.

· PG Path

· Cox 1 in almost all tissues, especially stomach, kidney, endothelium, platelets.  Functions listed.

· Inflammation → induction of Cox 2.  Cox 2 inhibitors ↓ GI irritation, ↓ platelets.  Good for chronic treatment.
F.
Therapeutic Strategies

· Overall goals:

· Relief of symptoms

· Healing of ulcers

· Prevention of recurrence

· Prevention of complications (hemorrhage, perforation, and obstruction).
· Can be severe:  microhemorrhage  → frank hemorrhage → perforation → obstruction
· Undiagnosed internal bleeding is very bad.
G.
Life Style Changes
· Can be sufficient in uncomplicated ulcers.  Poor compliance.
· Raise the head of the bed.—put 2 cinder blocks under head of bed
· Stop smoking

· Decrease alcohol consumption

· Avoid caffeinated and acidic drinks

· Three balanced meals per day

· Do not lie down until 2-3 hours after meals

Pharmacological therapy
III.
Proton Pump Inhibitors (PPIs) (Inhibitors of H+,K+-ATPase)

A.  
Drugs

· Fairly new.  All equally efficacious with few side effects. All end in ‘prazole’
· Omeprazole (Prilosec)—Prototype.  
· 1st made.  Racemic mixture
· Found OTC now.  Dose is ½ prescription strength dose.
· Big difference is in cost.  30d treatment of H2 blockers: $113. 30d treatment of PPIs: $129.  OTC PPI 30d treatment: $19.20.
· Lansoprazole (Prevacid)

· Rabeprazole (Aciphex) 

· Pantoprazole (Protonix) 

· Esomeprazole (Nexium)—most recently developed
· Purified S-enantomer of omeprazole.
· Very efficacious inhibitors of acid production 

· promote the healing of ulcers in the stomach, duodenum, and esophagus. 

· Especially useful for treating patients with gastrin-producing tumors (Zollinger-Ellison syndrome).

C. Mechanism of Action

· Inhibit H+,K+-ATPase proton pump

· Prodrug mechanism—all 5 of these
· Enteric coating - release of prodrug in intestine

· Acid environment causes release of prodrug.
· At neutral pH of intestine, prodrug is chemically stable, lipid soluble, and devoid of inhibitory activity.  Still a prodrug.
· Neutral weak base (Henderson-Hasselbach) absorbed & carried by blood stream to parietal cells in stomach, diffuse into secretory canaliculi, acid pH causes protonation & trapping of drug near proton pump

· Covalently modifies (phosphorylate) sulfhydryl groups on proton pump which irreversibly inactivating H+ secretion.
· Decrease acid production ~100%.  H2 blockers ↓ acid production ~70 – 80%.  Muscarinic blockers ~30%.
· Specificity 

· selective distribution of H+,K+-ATPase in parietal cells

· requirement for acidic pH for drug activation

· trapping of the drug at its site of action.

D. Adverse Effects and Drug Interactions of PPIs

· Very selective, so not many side effects.  Long acting—QD dosing
· Generally well tolerated

· Occasional side effects include nausea, diarrhea, abdominal colic, headache, dizziness, or skin rash.

· These drugs inhibit cytochrome P450.

·  Omeprazole may reduce the metabolism of phenytoin, warfarin, and diazepam.
· Watch dosing of drugs metabolized by P450 enzymes.
· Safe enough that FDA approved (June, 2003) Prilosec OTC (omeprazole), the first over-the-counter PPI treatment for frequent heartburn as a 20 mg dose

D.
PPIs: Absorption, Fate, Excretion
· More of pharmacokinetics “blah, blah, blah,…blah, blah, blah”
· Oral bioavailability about 70% if not chewed prior to swallowing

· Extensively protein bound

· Cleared by hepatic metabolism and renal excretion

· Elimination half-time  30-90 min, but because of noncompetitive mechanism, inhibition lasts much longer
· Usually requires 2-4 days before full effects are manifested—won’t help heartburn right now.
IV.
H2 Histamine Receptor Antagonists

A.  Drugs

· All are OTC.  Dose is ½ prescription dose.
· Ranitidine (Zantac)

· Cimetidine (Tagamet)—1st developed.  10 years ago was 2nd most prescribed drug in the world.
· Famotidine (Pepcid)

· Nizatidine (Axid)

B.  Uses
· Treatment of duodenal and gastric ulcers, GERD, stress ulcers, and hypersecretory states.

· Also used as preanesthetic medication to reduce the danger of aspiration pneumonitis.  Can’t have oral foods/drugs before surgery, but still have stuff in stomach.  The H2 blockers will neutralize contents.
C.
Mechanism of Action
· All have structure allowing them it fit into histamine receptor & block it.
· Gastrin and ACh stimulate histamine release from enterochromaffin-like  (ECL) cells.

· Histamine activates H2 subtype of receptor on parietal cells and stimulates H+,K+-ATPase activity and acid secretion into the lumen.

· Remember, there are 2 types of Histamine receptors.  Drugs only work on H1 or H2.
· H2 blockers competitively inhibit histamine-mediated acid secretion and also blunt the response to gastrin and ACh.  Occassionally used to control blood pressure with massive histamine release of anaphylactic shock.
· Classic antihistamines, H1 receptor blockers, do not inhibit acid secretion.
· highly selective for the H2 histamine receptor

· minimal side effects

· inhibit basal, food-stimulated, and nocturnal acid secretion.

· reduce both the volume and H+ concentration of gastric secretions.

· The four H2 antagonists are equally efficacious but differ in potency.

D.
Absorption, Fate, Excretion

· Rapidly and well absorbed after oral doses.  Decrease acid production in about an hour.
· Half-time of elimination is about 2-3 hr

· Subject to hepatic metabolism, but largely excreted unchanged in the urine.  Renal or hepatic dysfunction requires adjustment of dose.

E.
Adverse Effects and Drug Interactions

· Adverse side effects are infrequent and mild.

· All agents that inhibit gastric acid secretion may alter the bioavailability or rate of absorption of certain drugs secondary to changes in gastric pH.

· Cimetidine inhibits the activity of cytochrome P450 and thus slows the metabolism of many drugs.  If drug interactions are to be avoided, choose an H2 blocker other than cimetidine.
V.
Helicobacter pylor
A.
Eradication of Helicobacter pylori
· H. pylori is a gram (-) rod bacterium which is found colonizing the mucus on the luminal surface of the gastric epithelium.

· Both normal patients and patients with ulcers have the bacterium.

· Eradication of H. pylori can improve and hasten healing of ulcers and prevent recurrence.
· Difficult to wipe out.  No single antibiotic is sufficient.
B.
Combination Therapy for Ulcers involving H. pylori
· Antisecretory Drug--↓ acid production
· PPI or Ranitidine bismuth subcitrate (RBC)

· Antibiotic—given in combinations to attack organism.
· Clarithromycin (a macrolide)

· Amoxicillin (a penicillin, β-lactam)

· Metronidazole (a nitroimidazole, miscellaneous)  very good against anaerobic bacteria & in GI infections
· Tetracycline (a tetracycline)

· Mucosal Protective Agent

· Pepto-Bismol

C.
Current Combination Therapy for Eradication of H. pylori

· Use >1 antibiotic due to H. pylori resistance to antibiotics.  Resistance varies locally.
· Complex therapies.  So have prepacked therapies (Prev-Pac, Heli-Pac).  Very expensive.
· Triple Therapy (14 days—minimum)

· PPI or RBC (BID)

· Clarithromycin (BID) (or metronidazole (Flagyl))

· Amoxicillin (BID) (or metronidazole)

· Quadruple Therapy (14 days—minimum)

· PPI (BID)

· Tetracycline (QID)

· Metronidazole (TID/QID)

· Pepto-Bismol (QID)—protective agent
· Combination Therapy for Eradication of H. pylori  -- Key Points

· Doctors don’t always try to eradicate H. pylori, even when tests are positive for it
· No single drug is adequate, triple therapy is preferred

· Resistance to metronidazole and clarithromycin is increasing

· Many regimens available: 3,4,5,7,10 & 14 d

· Also short-term quadruple therapies have been shown to be effective and may reduce cost

· Eradication rates >90% expected
· There will be a test question about H. Pylori and treatment of it.  Recognize these particular (4) antibiotics.  If you see PCN-G, you know it’s not right because it’s not orally effective & isn’t 1 of the listed 4.
VI.
Antacids
A. Therapeutic Use

· Simple dyspepsia

· Adjuncts to primary therapy with PPIs or H2 blockers 

· Primary therapy in uncomplicated GERD

B. Mechanism

· Antacids are weak bases that chemically neutralize acid

· Goal is to raise gastric pH above 4 & keep it there.
· Advantage:  immediate relief
C.
Antacids

· Many prescription & OTC.  Don’t have to memorize all of these.  Because these are OTC, pts tend to over do it & can get electrolyte overload.
· Aluminum hydroxides - constipation

· Magnesium hydroxides – diarrhea
· Usually have 2 bases (Al & Mg) to counteract each other’s side effects.
· Decrease bowel motility
· Calcium carbonate – CO2 gas and acid reflux—Tums.  
· Sodium bicarbonate - gas,  excess systemic absorption of electrolytes.  Avoid if pt is on low sodium diet.
· Simethicone – surfactant to cut surface tension of stomach contents.
· Gaviscon - alginic acid - floating gel on stomach contents.  Reflux it, and gel coats esophagus to protect it.
· Combinations of aluminum and magnesium hydroxides are the most popular

· the combination minimizes disturbance of bowel motility

D.
Dosing and Adverse Effects

· Prescribe according to neutralizing equivalents

· 1 hr and 3 hr after a meal and at bedtime

· Adverse effects include changes in bowel motility, alkylosis

· Significant effects on the absorption of other drugs

· Do not take antacids within 1-2 hr of other drugs.
· Other drugs are formulated to react to pH of stomach.  May not be effective in the presence of antacids.
VII.
Cytoprotective Agents

A.
Pepto-Bismol, bismuth subsalicylate
· There are other bismuth containing agents.
· Pepto-Bismol is your friend.  Found in many households.
· Enhances secretion of mucus and HCO3-  protective factors
· Inhibits pepsin activity

· Chelates with proteins at the base of ulcers and forms a protective barrier against acid and pepsin

· May inhibit H. pylori directly
· An effective adjunct for treatment and prophylaxis of duodenal and gastric ulcers, GERD, and diarrhea (routine type, i.e. traveler’s diarrhea).

B. Sucralfate (Carafate)

· forms sticky, viscous gel that adheres to gastric epithelial cells protecting them from acid and pepsin

· 1 hr before meals and at bedtime promotes healing 

C. Misoprostol (Cytotec)

· Slowly metabolized analog of PGE1
· PGs last only seconds before they are metabolized.
· Stimulates mucus and HCO3- production, inhibits acid
· Causes diarrhea  in 30% of patients.  Not well tolerated 
· Primarily used for patients who must use NSAIDs (chronic arthritis, inflammatory disorder)
· Contraindicated in pregnant patients prior to cervical ripening.
