Pharmacology 5 – Heart and GI

Lipid Therapy:

· Lipid abnormalities are very common, and the drugs used to treat them are among the most widely used drugs in the world.  

· There are three types of lipids in fasting serum (after meals there are also chylomicrons to transport fat).  VLDL carries mostly triglycerides (increases coronary heart disease risk…commonly elevated in diabetics).  LDL carries most of the cholesterol in the blood (markedly increases CHD risk).  HDL carries mostly protein and a mixture of all of the lipids (decreases CHD risk).  

· The goals of treatment are to lower total cholesterol, lower LDL cholesterol, lower triglycerides and raise HDL levels.  

· Dietary measures are always a first-line response, but drugs may be used when the response or adherence to diet isn’t optimal.  

· The classes of lipid-lowering drugs include:  Statins (inhibit cholesterol synthesis at HMG-CoA reductase), Bile acid sequestrants (inhibit bile acid reabsorption/recycling – bile acids are synthesized from cholesterol), Ezetimibe (inhibits cholesterol reabsorption), Niacin (inhibits VLDL synthesis by blocking release of fatty acids from tissues), and Fibrates (speed conversion of VLDL into LDL – LDL isn’t made de novo in the liver, but from VLDL breakdown).  

· Drug combinations usually have additive effects since they affect different mechanisms.  

Drugs That Lower LDL (statins, bile acid sequestrants, Ezetimibe)

· The liver produces triglyceride-rich VLDL.  These then get converted to intermediate particles called IDL (intermediate density lipoprotein) or VLDL-remnants (atherogenic, and rich in cholesterol…this is why triglycerides are so atherogenic), which are converted to LDL, which can be taken back up by the liver or modified and taken up by macrophages in the intestinal wall.  Uptake of LDL leads to plaque formation and atherosclerosis.  Oxidation of the LDL is usually what allows it to be taken up by macrophages, so it was hoped that anti-oxidants would help reduce coronary heart disease…but this was shown not to provide any benefit in preventing cardiovascular events.  

· Unesterified cholesterol in the liver is critical to controlling blood cholesterol levels.  Cholesterol-lowering drugs all act to reduce the levels of cholesterol in the liver.  Cholesterol in the liver comes from de novo synthesis, dietary uptake from chylomicrons, uptake from circulating LDL or HDL.  The liver can remove cholesterol from circulating LDL/HDL.  Lowering the liver cholesterol can be achieved through excreting cholesterol into the bile, formation of bile acids, secretion of VLDL, or conversion of cholesterol to cholestryl esters.  

· LDL is taken up by receptors on the liver surface.  It’s broken down and the resulting cholestryl esters are converted to cholesterol.  Cholesterol is also synthesized in the liver and taken up from chylomicrons and HDL.  This all contributes to the liver cholesterol levels.  

· When liver cholesterol is high, LDL-Receptor formation is inhibited and HMG CoA reductase activity is reduced to decrease the synthesis of more cholesterol.  Uptake of LDL from the blood into the liver is what really controls the amount of LDL in the blood.  So to lower the amount of LDL circulating in the blood, we can reduce cholesterol in the liver.  This can be achieved by increasing bile acid synthesis (via bile acid sequestrants) or decreasing cholesterol synthesis (HMG-CoA reductase inhibitors).  

· The major dietary contributor to increased blood cholesterol levels is saturated fatty acids, which act to decrease the amount of LDL-receptors made in the liver.  

· When cholesterol levels in the liver are low, a SCAP-SREBP complex in the ER goes to the Golgi and where cleavage occurs that releases SREBP.  Free SREBP which goes to the nucleus and binds to the sterol regulatory element (SRE) on DNA and increases the synthesis of HGM-CoA reductase and LDL-receptors.  This is good because it gets cholesterol out of the blood, but bad because it causes you to make cholesterol.  

· Lowered LDL (via Statins) has been shown to clearly reduce MI, angioplasty, stroke, and coronary heart disease fatalities in general.  The evidence for raising HDL or lowering triglycerides is not so good.  

· LDL-cholesterol goals depend on how many risk factors you have.  The more risk factors you have, the lower your target LDL level.  In patients with high triglycerides, the goal for combined non-HDL cholesterols is 30 + the normal LDL-goal for that patient.  These goals are moderately well achieved in those at low and high risk.  But in patients with known coronary heart disease, it’s hard for people to reach those low targets.  

· Statins block HMG Co-A reductase due to a structural similarity, so they are competitive inhibitors of the enzyme.  This reduces liver cholesterol and causes you to increase LDL-receptors to take it up from the blood and lower circulating LDL levels.  But, in response, the liver tries to increase the synthesis of HMG CoA reudctase.  Statins can lower LDL as much as 60%, raise HDL up to 10%, and lower triglycerides up to 30%.  They continue to work, even after long periods of use.  An initial small dose of a statin may lower LDL a lot (maybe 20-40%), but then every time you double the dose, you only get a 6-7% further reduction in cholesterol.  So, you consider using additional drugs rather than doubling the dose of 1 drug.

· Statins available (in order of decreasing potency): Rosuvastatin, Atorvastatin, Simvastatin, Pravastatin, Lovastatin, Fluvastatin.  Sim-, pra-, and lovastatin are off patent.  

· Other benefits of statins include decreased thrombosis, anti-inflammatory actions and improved endothelial function (all prevent atherosclerosis and MI).  

· These drugs have no more adverse effects than placebo in trials.  But muscle pain seems to be a common side effect.  They may cause liver enzyme abnormalities, and most importantly can be associated with myositis (measured by creatine phosphokinase, which is released with muscle damage) and severe rhabdomyolysis that leads to renal failure.  The likelihood of developing myositis and rhabdomyolysis is really increased if a patient is also taking fibrates, niacin, erythromycin, azole antifungals, or cyclosporine.

· Myositis is caused by increased blood levels of the statin when other drugs inhibit cytochrome P450s (CYP3A4), which normally metabolize and detoxify the statins.  

· HMG-CoA reductase is used to form mevalonate, which produces lots of other molecules in addition to cholesterol.  These products may affect protein, RNAs, etc., but the statins do not seem to cause cancer or any detected other problems. 

· Ezetimibe is another cholesterol lowering drug.  It blocks intestinal absorption of cholesterol by 10-15% and has no effect on HDL or triglycerides.  This 10-15% is more than you could achieve by doubling the dose of a statin, so is commonly used for this. 

· Bile acid sequestrants also lower LDL cholesterol.  These include Cholestyramine, Colestipol, and Colesevelam.  These are usually only used in addition to statins.  They are all large polymers with positive charges that can bind the negatively charged bile acids.  But they also bind other negatively charged drugs (so you probably shouldn’t give them to people taking other drugs).  They lower LDL 10-25%, slightly raise HGL, but may elevate triglycerides slightly.  

· The major adverse effect is GI symptoms like bloating or constipation. But you can also see decreased absorption of other drugs and elevated liver transaminases. 

· These drugs work in combination by all converging to decrease the cholesterol in the liver.  So if you give a bile acid sequestrant, the liver loses cholesterol into the bile.  But the liver normally responds by increasing cholesterol synthesis, and this compensatory response could then be blocked with a statin.  

· So statins are commonly used in combination with bile acid sequestrants or Ezetimibe.  

Drugs That Lower Triglycerides (fibrates, niacain/nicotinic acid):

· The benefits of this therapy are unclear, but it’s fairly commonly used in people with triglycerides at the upper limit of normal.  

· Fibrates (Gemfibrozil, Fenofibrate) are the most effective.  Niacin, statins, Lovasa (fish oil), progestational agents and anabolic steroids can also do this.  

· Fibrates are mainly used to lower triglycerides (20-60%), and may raise HDL 8-10%.  But, they may raise LDL.  They are cleared by the kidney, so should be used with caution, especially in patients with renal failure.  Side effects include myositis, GI problems, and elevated liver tranaminases.  

· Triglycerides on LDL or VLDL are removed by a lipoprotein lipase.  ApoC-III inactivates lipoprotein lipase.  Fibrates inhibit synthesis of ApoC-III, which allow for greater lipoprotein lipase activity and you get more removal or triglycerides and conversion of VLDL into LDL (so LDL may be increased and require a statin).  These have a much bigger effect on triglycerides than statins.  

· In patients that have both elevated triglycerides and cholesterol, if triglycerides>500 start with a fibrate because high triglycerides put you at risk for pancreatitis.  If not, start with a statin…then if the triglycerides are still over 200 mg/dl add a fibrin.

· Lovasa also lowers triglycerides (30-50%).  This drug contains a lot of omega-3 fatty acids.  OTC fish oils have a lot of other fatty acids in addition to the omega-3 fatty acids, but these are just omega-3s.  Fish oils over the counter may require massive consumption (~12g) that can also add a significant number of calories to a diet.  

· Secondary causes of hypertriglyceridemia include alcohol, estrogen, corticosteroids, retinoids, beta-blockers, thiazide diuretics, loop diuretics, and protease inhibitors (for HIV).  

· HDL is beneficial, but it’s not really the cholesterol in it that’s good.  HDL is formed in the intestine and liver as nascent HDL with minimal lipids.  In peripheral tissues, it picks up cholesterol and converts them to cholesterol esters.  These cholesterol esters for the central core of the spherical HDL particle.  This may be beneficial because it’s the only way to remove cholesterol from extra-hepatic sites (like macrophages in plaques of vessels).  It can take that cholesterol back to the liver or transfer it to other liproproteins (onto LDL for example).  HDL also prevents oxidation of LDL, which is required for LDL entry into plaques.  And HDL also acts as an anti-inflammatory. 

Drugs That Increase HDL:

· The most effective drug for raising HDL is niacin.  Fibrates and statins may also raise HDL by 8-10%.  Estrogens after menopause may contribute too.

· Niacin (nicotinic acid) is a vitamin, but to affect HDL it’s required at 1000x the vitamin dose.  It’s available as a crystalline form, an extended release form (Niaspan), or a sustained release form that isn’t used much because it caused liver failure.  

· Niacin can raise HDL by 15-35%.  It can also lower LDL and triglycerides.  But, it has side effects like hepatotoxicity, forms ulcers, and exacerbates gout.  The other major side effects include flushing, upper GI symptoms, and hyperglycemia.  

· Niacin activates a GCPR that inhibits cAMP formation.  This blocks the release of fatty acids from adipose tissue, so they never get to the liver and get turned into triglycerides and VLDL.  

· Drugs like anabolic steroids, progestins, thiazide diuretics, and beta-blockers may lower HDL.  

· Drug combos:  Lovastatin + niacin = Advicor.  Ezetimibe + simvastatin = Vytorin.  Amlodipine + simvastatin = Caduet.  
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Nitrates and Calcium Channel Blockers:
Nitrates – deliver NO to vascular tissue
· Nitrates like nitroglycerine likely involve two different mechanisms:  

· At higher doses, they are metabolized to NO by cyt P450 enzymes.  NO activates guanylyl cyclase and makes cGMP, which activates kinases or ion channels to lead to vascular smooth muscle relaxation.

· At low doses, nitroglycerine may be activated by mitochondrial aldehyde dehydrogenase (ALDH-2), forming bioactive nitrogen oxide intermediates that activate guanylyl cyclase.

· Vasodilation by NO activates baroreceptor reflexes and neurohormonal activation that results in a rapid (minutes to hours) ‘psuedotolerance.’  NO can also form oxidants that cause endothelial dysfunction and contribute to pseudotolerance.  
· Tolerance occurs within hours to days as a result of circulating nitrogen oxides (oxidants) inactivating ALDH-2.  Antioxidant treatment hasn’t solved this problem, so it’s avoided by only giving intermittent doses to avoid constant exposure.  

· Nitrates produce vascular smooth muscle relaxation (more venous at low concentrations, equal venous and arterial at higher concentrations).  This reduces both preload and afterload, which together decrease myocardial oxygen demand.  Coronary vessels are also dilated, and can redistribute coronary blood flow to ischemic areas in patients with coronary atherosclerosis.  

· Organic nitrates include:  nitroglycerine, isosorbide dinitrate, isosirbide-5-mononitrate, erythrityl tetranitrate, amyl nitrite.

· They’re used to treat angina pectoris, acute or surgical HTN, and CHF associated with acute MI.

· Toxicities include headache (aggravates migranes), hypotension, withdrawal (coronary and peripheral arterial spasm), methemoglobnemia, and facial flushing

· Inoranic nitrates include: sodium nitroprusside
· These drugs act through local NO production near vascular smooth muscle, which is different than for other nitrates.  Tolerance does NOT occur with prolonged exposure.  Metabolism of this drug produces cyanide, which is metabolized to thiocyanate.  
· It’s used for short-term treat hypertensive emergencies like acute heart failure, aortic dissection, or for temporary precise BP regulation.  This is appropriate because this drug is rapid on/off.  

· Toxicities include hypotension and thiocyanate toxicity.

Calcium Channel Blockers – relax vasculature and inhibit visceral smooth muscle contraction
· These drugs bind the alpha subunit of the L-type Ca channel.  This channel is activated by catecholamines, angiotensin II and endothelin.  It is inactivated by NO.  
· Blocking the L-type calcium channel blocks calcium-induced release of calcium from the SR (which normally leads to smooth muscle contraction).  The effect is predominantly in the vascular and visceral smooth muscle, cardiac muscle and SA and AV nodes.  At the AV node, blocking the channels prolongs the effective refractory period and slows AV node conduction.  

· The three classes of calcium channel blockers bind different parts of the alpha subunit, so they don’t compete with one another.  But, their effects are similar (except that phenylalkylamines have a greater negative inotropic effect and inhibition of AV and SA nodes…the benzothiazepines have a moderate amount of these effects, and dihydropyridines don’t have any of these effects).  

· All calcium channel blockers are inactivated by phase I metabolism by cyt P-450 3A species, so have many drug interactions.  Verapamil and diltiazem are inhibitors of this enzyme.  

· Phenylalkylamines – verapamil

· Benzothiazepines – diltiazem

· Dihydropyridines – nifedipine (amlodipine, felodipine, isradipine, nicardipine, nimodipine, nisoldipine)
· Nondihydropyridine  - bepridil

· Clinical indications:  HTN, stable angina, vasospastic angina (Prinzmetal’s), rate control for supraventricular arrythmia (verapamil, diltiazem), post subarachnoid hemorrhage to decrease cerebral vasospasm

· Adverse effects:  exacerbations of heart failure (due to – inotropic effects), heart block (from SA/AV node effects), hypotension, constipation, headache, edema, tachycardia.

Sympathetic Inhibitors and Inotropic Agents:
· Central neurons have alpha2 receptors that inhibit central sympathetic outflow, leading to vasodilation, decreased heart rate and decreased contractility.  (There are also alpha1 receptors that act via the PLC/DAG/IP3 pathway and lead to increased sympathetic outflow and vasoconstriction, but these aren’t important here.)

· Beta1 receptors (in heart) increase heart rate and contractility, and (in kidney) increase JGA renin secretion.  Beta2 receptors decrease vascular and bronchial tone, release insulin, and increase muscle contractility.  Beta3 receptors increase lipolysis in adipose tissue.  

· Dopamine receptors (DA1) in the renal, mesenteric and coronary arteries vasodilate when stimulated.  

· Receptor desensitization from phosphorylation or sequestration can lead to drug tolerance and decreased response to receptor agonists.  

Sympathetic Inhibitors:

· Central Alpha-2 Agonists:  These drugs stimulate central alpha-2 receptors that inhibit central sympathetic output to decrease systemic resistance, decrease venous return and decrease cardiac output.  Ex: Clonidine.  
· Indications include HTN (HTN in pregnancy), analgesia with cancer pain, symtoms of opioid withdrawal.  

· Adverse effects include dry mouth, sedation, orthostatic hypotension, sexual dysfunction, and rebound hypertension with abrupt discontinuation.
· Ganglionic Blockade:  These drugs compete with ACh at the ganglionic synapse to prevent stimulation of the post-synaptic neuron.  They aren’t used much now, due to side effects.  Ex: Trimethaphan.

· Indication:  it used to be used for HTN
· Adverse effects:  Postural hypotension, constipation, urinary retention, impaired sexual 


function, mydriasis, cycloplegia, xerostomia, anhidrosis
· Pre-Synaptic Catecholamine Depletion:  No longer widely used.  Ex: Reserpine.

· Indication:  HTN.  

· Adverse effects:  depression at high dose, sedation, nasal stuffiness.

· Post-Synaptic Combined Alpha-1, Alpha-2 Adrenergic Blockade:  Block catecholamines at the site of action.   Ex:  Phenoxybenzamine (irreversible), phentolamine (reversible).

· Indications:  HTN associated with pheochromocytoma 

· Adverse effects:  postural hypotension, sexual dysfunction.

· Post-Synaptic Beta Blockade:  Competitively block catecholamines at the site of action.  They may be selective for different classes of beta receptors.  They may have a big first pass effect, giving them pretty low oral bioavailability.  Ex: Propanolol.  Pindolol and Acebutolol have some sympathomimetic activity, so may act as partial agonists.  
· Indications:  HTN, CHF, arrhythmia, angina, hypertrophic cardiomyopathy, migrane prophylaxis, essential tremor, open angle glaucoma (they decrease intraocular pressure).  

· Adverse effects:  bradycardia, CHF, asthma exacerbation, heart block, claudication exacerbation, fatigue, depression, sexual dysfunction, and hypoglycemia (if OD).  

· Post-Synaptic Dopaminergic Agonists:  Cause vasodilation and diuresis.  Ex: Fenoldopam.
· Indications:  HTN (but only for short term treatment).

· Adverse effects:  hypotension, increased intraocular pressure.  

Inotropic Agents (increase cardiac contractility):

· Digitalis (‘Cardiac’) Glycosides:  These inhibit the Na/K ATPase and decrease the gradient for Ca removal out of the cell.  So more Ca ends up in the SR and you get more contractility.  You also get vagal simulation and decreased sympathetic activity.  Ex: Digoxin (narrow therapeutic window, half life of 36 hours with 60% renal elimination).
· Indications:  CHF for patients with sinus rhythm, atrial fib to control ventricular rate.
· Adverse effects:  Complete heart block, arrhythmia, nausea, vomiting, visual disturbance (yellow vision).

· Beta Agonists:  Increase contractility without changing PVR.  Ex: Dobutamine (beta1, beta2 and alpha1 agonist).  
· Indications:  Cardiac decompensation (heart failiure…but only for short term).  

· Adverse effects:  Tachycardia, HTN, hypotension, ectopic ventricular activity.

· Dopamine Agonists:  At low doses, they act at renal DA receptors for diuresis or better perfusion in heart failure patients.  At intermediate doses, they act at beta1&2 receptors to increase heart rate and contractility.  At high doses they also give alpha1 activity and can lead to vasoconstriction.  Ex: Dopamine
· Indications:  short term treatment of heart failure, especially to improve renal function, or maintain blood pressure in hypotensive states.

· Adverse effects:  Ventricular arrhythmia, angina, HTN, impaired perfusion (high dose)

· PDE inhibitors:  Inhibit breakdown of cAMP, which directly stimulates contractility, accelerates diastolic relaxation and causes arterial/venous dilatation.  Ex: Milrinone.
· Indications:  Short term treatment of CHF

· Adverse effects:  arrhythmia (increases mortality, so only used acutely), hypotension.

ACE Inhibitors and ARBs:
· ACE is present throughout the body, and it regulates angiotensin II availability in the circulation.  Angiotensin II also inactivates bradykinins.  So ACE-Is decrease angiotensin II and increase bradykinins.  An alternate pathway allows for some angiotensin II production, but decreased levels can impair aldosterone secretion and affect K homeostasis.

· The renin-angiotensin-aldosterone system is important in the systemic circulation, and also locally in the CV system and kidneys.  Local roles aren’t fully understood.  
· Angiotensin II receptors like AT-1 activate PLC, DAG and IP3.  You get smooth muscle contraction (vasoconstriction), central and peripheral sympathetic stimulation (via catecholamine release), and mitogenesis (smooth muscle hyperplasia, hypertrophy and migration).  

· The early effects of angiotensin II include vasoconstriction, increased vascular responsiveness, and increase nEpi release while decreasing its reuptake.  The late effects of angiotensin II include smooth muscle mitogenesis, vascular and cardiac remodeling (may alter remodeling after MI), and increased synthesis of ECM proteins.

· Angiotensin II is more potent in places like the efferent arterioles.  It’s important for maintaining glomerular pressure in states of low renal perfusion, so ACE-Is can be very harmful in these cases.  
· ACE-Is:  Ex:  Enalapril.  Most ACE-Is are equally effective in the appropriate doses.

· Indications:  HTN (a first line treatment), CHF, asymptomatic LV dysfunction, diabetic nephropathy, post MI.

· Adverse effects:  Non-productive cough, loss of taste (dysguesia), angioedema (swelling), hypotension, hyperkalemia, renal failure.  

· ARBs:  Ex:  Losartan.  These drugs bind the AT-1 receptor, but not the AT-2 receptor.  They inhibit vascular smooth muscle constriction, aldosterone secretion, release of catecholamines, sympathetic tone, cell hypertrophy and hyperplasia, and they alter renal function.  They aren’t associated with cough like ACE-Is (the cough is suspected to be due to bradykinins).  Other than the cough issue, the differences between ARBs and ACE-Is is pretty unclear.  Less AT-1 activity may cause upregulation of angiotensin II and increase activity at the AT-2 receptor, but the consequences of this are unknown.  
· Indications:  HTN (w/ or w/out LV dysfunction), diabetic nephropathy.

· Adverse effects:  hypotension, angioedema.
Antiarrhythmic Drugs:

· Most ion channels in the heart are voltage gated.  Since they’re mostly cation channels, most antiarrhytmic drugs (AADs) are basic.  The AAD binding sites are pretty conserved, and since many of the ion channels are related, they may bind multiple channels with different specificities.  

· K channels are tetramers of 4 separate subunits.  Na and Ca channels have the four regions covalently linked in one long protein.  These all have charged regions that allow them to respond to changes in membrane voltage.  

· Na drives depolarization, Ca and some K cause the plateau phase, and K drives repolarization.  Na, Ca, and some of the many K channels are affected by AADs.

· Arrhythmias can be due to enhanced normal automaticity, abnormal automaticity, triggered activity, or reentry.  

· The antiarrhythmia drugs are broken down into classes:

· Class I:  Na channel blockade, causes a slow rising AP and slow conduction, leading to a prolonged QRS.  
· Class Ia is moderate potency and kinetics, shows prominent AP prolongation and increased QT interval.  Ex:  quinidine, procainamide, disopyramide.

· Class Ib is low potency and rapid kinetics.  These include lidocaine, tocainide, and mexiletine.  

· Class Ic is the most potent but has the slowest kinetics.  These include flecainide and propafenone.  

· Class II:  Antagnoizes catecholamine beta receptors, causing decreased heart rate (slow SA node) and an increased PR interval (slow AV node conduction).  These beta blockers improve survival after an MI, and can depress LV contractility (may exacerbate heart failure).  They include propanolol and metoprolol.
· Class III:  Prolongs action potentials and makes them refractory for longer, increasing QT.  It target delayed rectifier K channels (blocks K repolarization), but isn’t very specific.  They include amiodarone and sotalol.  Ibutilide has a similar effect.  
· Amiodarone contains lots of iodine, and it has a long halflife (20-60 days) since it’s lipid soluble and stored in the body.  It has all 4 classes of action and also includes alpha blockage and muscarinic blockade.  It is very safe and widely used, and it’s among the most effective AADs.  It can induce a state of thyroid hormone resistance (effective hypothyroidism).  

· Class IV:  Blocks L-type Ca channels, which decreases heart rate and increases PR interval.  This includes phenylalkylamines (verapamil) and benzothiazepines (diltiazem).  These slow SA and AV node conduction and depress LV function (may exacerbate heart failure), just like class I.  They are limited in use for ventricular arrhythmias.  
· Most clinically used drugs have actions in multiple classes, since they may bind different channels with varying specificity. 

· Digitalis glycosides are Na/K ATPase inhibitors, and they also increase Na/Ca exchange.  They are parasympathomimietic, slowing atrial and AV node conduction and decreasing the rate of ventricular contraction…but this is a minimal effect at therapeutic concentrations.  Due to increased Na/Ca exchange, you get more intracellular calcium and improved contractility.  It’s eliminated by P-glycoprotein, so there may be drug-drug interactions.  

· Adenosine can show or interrupt irregular rhythms.  It activates K channels and hyperpolarizes the cells to inhibit arrhythmias.  

· Na channel blockers (class I) may be more effective when channels are more active (use dependence) and tissues are more depolarized at faster heart rates.  Many class III drugs (K blockers) exhibit reverse use dependence, where they are more effective when the channel is at rest at slower heart rates. 
· AADs can also be proarrhythmic and generate a new arrhythmia or exacerbate a preexisting one.  This is why these drugs aren’t used much now.  These arrhythmias can be bradycardias (aggravate/provoke sinus bradycardia or AV block), supraventricular tachycardias (originate in atria or AV junction), ventricular tachycardias (torsade de pointes, etc), or they can be due to drug interactions with devices (raise defibrillator thresholds).  

· Mechanisms include altered spontaneous depolarization of the AV node, altered impulse conduction that can unmask a preexisting circuit, altered repolarization that can produce abnormal impulse conduction or abnormal automaticity.  

· Torsade de pointes can occur with class III drugs that produce a long QT as a result of long or variable length action potentials in the heart.  In this condition you get QRS complexes of varying amplitude.  Different parts of the heart may repolarize at different rates, and it may reactivate itself (functional reentry), or you can get triggered automaticity and afterdepolarizations (a second AP triggered by an abnormal 1st AP).  Risk factors for drug-induced TdP include hypokalemia or hypomagnesemia (compromise repolarization), female, heart disease, atrial fib, pretreatment for prolonged QT, and genetics.  If it occurs, it can be managed by withdrawing the drug, correcting hypoK, administering Mg, and correcting any bradycardias.  Congenital long QT syndrome can be treated with beta blockers or defibrillators.  
· Anti-arrhythmia drugs are rarely given alone, so polypharmacy can lead to proarrhythmia via pharmacokinetic or pharmacodynamic interactions.  Interactions that affect drug metabolism are most likely when a drug is only metabolized by one pathway.  
· Cyt P450 enzymes and P-glycoprotein metabolic mechanisms are important in AAD metabolism.  CytP450 3A4 metabolizes more drugs than any other.  CytP450 2D6 is the major pathway for beta blockers, so in people that have polymorphisms that make them poor metabolizers via this pathway, they may get more side effects and decrased effects of codeine (because it must be metabolized here to be converted to morphine). 

· P-glycoprotein is the only pathway for digoxin to be excreted into the bile.  Other drugs that inhibit this can affect digitalis concentrations.  

· AADs can alter the threshold for the shock required for a defibrillator to fix an arrhythmia.  Class I drugs and amiodarone can raise the threshold, while class III drugs can lower it.  

· AADs can also change the rate of a tachycardia and prevent implanted devices from detecting it.

GI Pharmacology:  

Peptic Ulcer Disease:  

· Acid neutralizing therapies:  Recall that acid is secreted from parietal cells (stimulated directly by histamine, gastrin and ACh, and also stimulated indirectly by gastrin and ACh which increase histamine from ECL cells).  Acid secretion is inhibited by prostaglandins.  Superficial epithelial cells secrete mucus and bicarb, which is increased by ACh and prostaglandins.  

· Eating food:  This increases gastric pH to about 5 for about an hour.  It also provides some buffering capacity and may increase blood flow to the gut, which increases mucosal bicarbonate production. 

· Antacids:  These neutralize HCl and increase gastric pH.  They also inactivate pepsin (which can potentially damage the stomach), and they bind bile salts (which can cause chemical gastritis).  These require frequent administration and must be taken with caution in renal patients, due to cation absorption.  

Sodium bicarb is rapidly cleared, which isn’t ideal.  Calcium carbonate is cleared more slowly, but can produce abdominal distention and belching from CO2 formation.  Mg can cause diarrhea, and Al can delay gut motility (propensity towards constipation), so the two together may be pretty ideal and they have longer neutralizing activity.  

Mylanta tablets are Mg(OH)2 and CaCO3.  Tums tablets are just CaCO3.  Maalox TC liquid is Al(OH)3.  Milk of Magnesia is Mg(OH)2.  

These drugs are indicated in cases of duodenal ulcer, GERD, or prophylaxis for stress ulcers in the critically ill or after major trauma.  Their toxicities include interfering with absorption of other dugs, altered gastric motility (diarrhea, constipation), and effects from cation absorption in renal patients (can cause aluminum toxicity).  

· Acid reduction (anti-secretory therapies):

· H2 Receptor Antagonists:  Ranitidine (Zantac), etc.  These drugs are structural analogs of histamine, and they competitively inhibit its action.  They provide dose-dependent inhibition of gastric acid secretion (stimulated by secretogogues).  They inhibit basal acid secretion during fasting particularly well (do a good job on the fasting surge of acid that occurs around 3-4 am), and also reduce physiologic acid secretion during feeding.  

These drugs quickly reach a peak plasma concentration, and they have a short half life, so they must be taken 2-4 times per day.  They are eliminated in the kidneys.  

Indications include treatment of duodenal and gastric ulcers, prevention of ulcer recurrence, and acute/chronic treatment of GERD.  

Toxicities include inhibition of cytochrome P-450 enzymes (so it interacts with warfarin, theophylline, and phenytoin), CNS confusion/somnolence, and gynecomastia.

· Proton Pump Inhibitors:  Omeprazole (Prilosec, Zegerid), etc.  These drugs are administered as pro-drugs, and once they reach parietal cells their sulfinyl groups are protonated to form sulfonamide.  This irreversibly inhibits the H/K ATPase, which inhibits gastric acid secretion long after the drug is cleared from the plasma (up to 3 days even though half life is 1-2 hours).  Synthesis of new H/K pumps is required to restore acid secretion.  It dramatically (95%) reduces acid secretion.  

PPIs are degraded by stomach acid, so the pills have to be enteric coated.  They are metabolized by the liver, and liver failure patients require dose adjustment.  Indications include the treatment of peptic ulcers, particularly those unresponsive to H2 antagonists, erosive esophagitis from GERD, and Zollinger-Ellison syndrome (ulcers from hypersecretion due to a tumor).  

Toxicities include potential bacterial overgrowth of the small bowel or increased risk of community acquired pneumonia (via reflux and aspiration) because the acid is no longer as effective an anti-microbial barrier.  These are potent cyt P-450 inhibitors (interact with phenytoin, diazepam, and warfarin).  Carcinoid tumors of ECL cells are NOT toxicities of these drugs, though people longed feared they would be.  

· Protective Mucosal Barrier:  

· Sulfated polysaccharides:  Sucralfate (carafate), etc.  These drugs are activated by acid to form a viscous adherent gel that binds to positively charged proteins in ulcerated craters.  They also inhibit pepsin and adsorb bile salts.  The drugs act locally in the gut without being absorbed into the circulation, so most of any dose is excreted in the stool.  Aluminum may accumulate in renal failure patients.  These drugs should be taken on an empty stomach to prevent them from just binding dietary proteins. 

It’s indicated for prophylaxis of stress ulcers, treatment of peptic ulcers, and chemical gastritis from bile reflux.  Toxicities include constipation (possibly from aluminum), and reduced bioavailability of phenytoin, digoxin and theophylline if administered simultaneously.  

· Prostaglandin analogs:  Misoprostol, etc.  These are antisecretory drugs that inhibit basal and nocturnal gastric acid secretion by indirect action on parietal cells.  They are cytoprotective in that they increase production of gastric mucus and bicarbonate.  Misoprostol is well absorbed orally.  It’s indicated in prevention of gastric ulcers in patients requiring long term NSAID use.  

Toxicities include uterine contractions (it is also used as an abortifacient), diarrhea (can also be used to treat constipation), and abdominal cramping.

· Eradication of Helicobacter pylori.  This gram (-) rod is associated with gastritis, gastric ulcers, duodenal ulcers, gastric adenocarcinoma, and gastric B-cell lymphoma.  It may act by decreasing antral D-cells, thus decreasing somatostatin and increasing the effect of gastrin (resulting in increased acid production).  As much as half of the world’s population is infected.  15% of them develop duodenal ulcers.  

Single antibiotic treatments don’t help, and they only contribute to resistance.  The effectiveness of pH sensitive antibiotics like amoxicillin and clarithromycin may be enhanced by adding a PPI or H2Receptor blocker (makes the drugs more active, and absorbed more slowly so they stay where they need to be longer).  Longer courses of 10-14 days of antibiotics are recommended.  Resistance is increasing.  

Gastric Motility Disorders:  Recall that ACh from motor neurons drives gastric motility.  Serotonin acting on 5HT3 receptors inhibits motor neurons (inhibit motility), whereas serotonin acting on 5HT4 receptors activates motor neurons (stimulate motility).  Dopaminergic neurons inhibit motor neurons (inhibit motility). 
· Metoclopramide:  This is primarily a 5HT4 receptor agonist, but also a dopamine antagonist and cholinergic agonist (all increase motility).  It enhances smooth muscle propulsion in the upper gut and accelerates gastric emptying.  It also increases LES tone (good for GERD).  Because it is a dopamine angtonist, it can function as an anti-emetic.  

The half life of this drug increase with renal failure, so doses must be adjusted.  Clinical indications for its use include gastroparesis (diabetic or idiopathic), GERD, and nausea/vomiting.  

Toxicities include somnolence and nervousness.  It can produce reversible, Parkinson’s-like motor effects, but more importantly irreversible tardive dyskinesia (purposeless motor activity). 

· Tegaserod:  This is also primarily a 5HT4 receptor agonist.  It has been removed from the market, due to increased risk of cardiac events and stroke.  

Tegaserod stimulates peristaltic reflexes and intestinal secretion, and it inhibits visceral sensitivity.  So it was used for IBS with constipation.  It also enhances basal motor activity and motility in the entire GI tract.  

It undergoes hepatic metabolism and renal excretion, so must be adjusted in liver and kidney patients.  2/3 of the dose is excreted in the stool unchanged, 1/3 is metabolized and excreted in the urine.  Co-administration with food significantly reduces its bioavailability.  

Indications included irritable bowel syndrome with constipation, chronic idiopathic constipation, or off label use for gastropaersis and GERD.  The main toxicity other than cardiac events/stroke is diarrhea.

Nausea and Vomiting:  The emetic centers of the medulla get input from the inner ear/cerebellum, higher centers for memory/fear/dread, blood via BBB bridge and vagal input to the solitary tract nucleus, local irritants via the intestines/vagus/solitary tract nucleus, and the pharynx via the solitary tract nucleus.  

· Ondansetron (zofran):  This drug blocks serotonin receptors in the CNS (solitary tract nucleus and chemo-receptor trigger zone which bridges the BBB), and it may also block vagal afferent fibers in the GI tract.  Ondansetron is well absorbed from the gut and is metabolized by the cytP450 system.  The anti-emetic effect last long after the drug has been cleared, so it can be dosed once a day.  

It is indicated in chemotherapy-induced nausea, nausea from upper GI irradiation, hyperemesis of pregnancy, and post-op nausea.  It is not indicated for motion sickness, which is mediated by histamine and ACh.  

Ondansetron is well tolerated, and the primary toxicities include constipation/diarrhea, headache, lightheadedness, and clinically insignificant EKG changes.  But, the drug is very expensive.  

· Phenothiaziens:  Prochlorperazine (compazine), etc.  These drugs block dopamine at the chemo-receptor trigger zone (CTZ).  They have antihistamine and anticholinergic action, so they are better for motion sickness than ondansetron.

· Prokinetic drugs:  May have anti-dopamine effects that reach the CTZ and they also increase gastric emptying to help with nausea.  

· Antihistamines are useful for motion sickness and post-operative emesis.  These drugs like promethazine (phenergan) and diphenhydramine (Benadryl) are H1 receptor antagonists. 

· Anticholinergics are useful for motion sickness, such as scopolamine which is used in the motion sickness patch.  

· Cannabinoids like dronabinol (marinol) have an unknown mechanism, and can also stimulate appetite (good for use in AIDS patients).  These drugs are very expensive.  

Anti-Diarrheal Drugs:  Fluid (water) content is the principle determinant of stool volume and consistency.  Faster transit time leads to less fluid absorption and diarrhea.  Slower transit time leads to more transit time and constipation.  

· Intraluminal agents:

· Hydroscopic agents:  These absorb excess water so that there is less free water in the stool.  Metamucil is an example.  

· Bile salt binders:  If you spill bile salts into the colon, they’ll irritate it and cause secretion.  These drugs, like cholestyramine (questran), bind excess bile salts to avoid this.

· Bismuth compounds:  Their mechanism is unknown, but they have anti-secretory, anti-inflammatory, and anti-microbial effects.  Ex:  bismuth subsalicylate (pepto bismol)
· Antimotility and Antisecretory agents:
· Opioids:  Loperamide (Imodium A-D), good because it has limited CNS penetration.  These act at several opioid receptors to decrease motility (increased transit time), which results in increased fluid absorption and decreased fluid secretion.  You actually get decreased propulsive motility, but increased segmental activity that doesn’t propel the food.  Loperamide is a much more potent anti-diarrheal than morphine, it has fast onset, has a fairly long half life (11 hours) and undergoes hepatic metabolism.  It is only used for diarrhea.  Toxicities of sedation and paralytic ileus occur with overdose.  
Constipation:  These drugs generally act by retaining intraluminal fluid through hydrophilic or osmotic mechanisms.  They decrease net fluid absorption.  If achieved through altered motility, they inhibit segmental (non-propulsive) contractions and stimulate propulsive contractions.  

· Emollients or stool softeners:  Dioctyl sodium sulfosuccinate (docusate sodium = colace).  These are anionic detergents that lower the surface tension of stool permitting water and fat to penetrate it.  It’s more for hard stools than constipation.  

· Bulk-forming laxatives:  These are hydrophilic compounds that hold water in the stool.  Fiber draws water into the colon to treat diarrhea.  They may inhibit absorption of bile acids, which stimulates additional water secretion by the colon due to irritation.  It’s used more for IBS than constipation.  

· Magnesium salts (osmotic agents): These are the most commonly used drugs for constipation.  Hypertonic solutions are more effective than isotonic ones.  Mg is poorly absorbed, so it increases the intraluminal osmolarity and increases water retention in the stool. It may also stimulate CCK secretion that stimulates bowel motility and secretion.  

· Stimulant cathartics:  these irritate the gut and cause it to secrete via direct effects on enterocytes or enteric neurons/muscle.  It works by inducing low grade inflammation, which allows for fluid/electrolyte accumulation there, and leads to increased intestinal motility.  

· Bisacodyl (correctol, dulcolax, feen-a-mint)

· Anthraquinone laxatives (aloe, cascara, senna).  These produce a reversible melanosis coli (darkly pigmented but non-pathogenic colon).  With years of laxative abuse, you can get a cathartic colon, which is dilated and ahaustral.  It loses neurons and the muscularis propria atrophies, so these drugs should not be used long-term.
· Ricinoleic acid (castor oil).  This is derived from the castor plant, and it stimulates fluid and electrolyte secretion in the small intestine to quicken transit time.  It can produce a laxative effect in 1-3 hours.  It tastes pretty bad, and it may be toxic to intestinal epithelium and enteric neurons.  
· Non-absorbable sugars: Not all sugars are absorbed in the small intestine.  Some may make it to the colon where they are metabolized to osmotically active organic fatty acids.  This causes fluid secretion and increases intestinal motility.  Examples include lactulose, glycerin, sorbitol and mannitol.
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