Pharmacology 1
Overview of Pharmacology 8/25:

· History:

· Egyptian medical papyri – prescriptions with active constituent, carrier, formulation method and delivery method.

· Homer described opiates Helen gave to cheer those waiting for Odysseus.  

· Socrates committed suicide with hemlock – coniine, a neurotoxin.

· Hippocrates advocated a hygienic approach over drugs:  diet, fresh air, baths and exercise

· Discorides wrote books on medicine with info on lots of drugs. 

· Galen was a great anatomist and prolific writer.  He promoted polypharmacy, discouraged urine/feces use.  He believed in 4 fundamental effects:  warming, cooling, drying and humidifying. 

· Historical Discoveries:

· Cartier – ascorbate (vit. C) for scurvy

· De la Calancha – cinchona bark (quinine) for malaria

· Withering – digitalis for congestive heart failure (dropsy)

· Approaches to drug discovery:

· Natural products – identify, purify, study and optimize.

· Drug target screens with synthetic compounds (Ehrlich).  Find hits and make analogs to improve potency/specificity.  Ex: salvarsan for syphilis.

· Rational drug design – examine target/substrate interaction and design high affinity molecules.

· Biotechnology – Engineer proteins, monoclonal Abs, and maybe some day genetic engineering.

Drugs and Enzymes 8/26 (graphs not included):
· A given dose of a drug/inhibitor/substrate produces a constant percent effect in many biological systems, assuming it is in excess compared to the target/enzyme.  The absolute effect depends on the enzyme/target/cell concentration.

· Km = [substrate/drug] at which the reaction velocity is 50% of the maximum velocity.  Likewise, ED50 = dose at which 50% of the effect is achieved.  

· Drug metabolism is usually first order, such that a certain percentage of the drug gets metabolized in a given period of time.  Ethanol and a few other drugs may saturate the enzymes that metabolize them and produce zero order kinetics in which a certain quantity of the drug is metabolized in a given period of time, regardless of the dose.  Ethanol may be 1st or zero-order depending on the dose and blood level. 

· An uncompetitive inhibitor binds the enzyme-substrate complex, shifting the equilibrium to the right:  E + S → ES → ESI.  This results in a lower Vmax and lower Km (representing higher affinity binding due to the right-shifted eq’m).

· A competitive inhibitor results in a larger Km (lower binding affinity) and doesn’t change Vmax.

· A non-competitive inhibitor does not change Km but results in a lower Vmax.

· A drug’s potency reflects how much is needed to achieve a certain level of response.
· A drug’s efficacy reflects how much response it can elicit at high concentrations.  

· A competitive inhibitor will not affect efficacy, but will require more drug to achieve the same response (decrease the drug’s potency).

· An non-competitive inhibitor will decrease a drug’s maximum response (efficacy), but will not change the amount of drug needed to reach that (potency).

Drug Development 8/26:

· Preclinical drug development is required before use in humans, and it includes efficacy, mechanism of action, toxicology (teratogenicity and carcinogenicity), pharmacokinetics, and pharmaceutics (formulation, development).

· Phases of Clinical Drug Development:

· Phase 1:  Short term safety and tolerability studies, as well as pharmacokinetics.  Performed with healthy volunteers, n=tens, t=days to weeks. 

· Phase 2:  Proof of concept studies in which you look for initial evidence of beneficial activity, as well as medium term safety and tolerability.  Performed with patients (carefully selected), n=hundreds, t=weeks to months.  
· Phase 3:  Registrational or marketing studies (needed for FDA approval for marketing) in which you look for clinical efficacy and long term safety/tolerability.  Performed with patients (carefully selected), n=thousands, t=years.  

· Phase 4:  Post approval, including post-marketing surveillance, looking to develop new indications, study special patient populations, and real world effectiveness/toxicity.  Performed in patients, n=thousands, duration=usually retrospective.

· IND applications are required for investigational new drugs (before they go into clinical trials).  It is also required for an approved drug if a company wants to change the drug label (package insert), make a change in their advertising claims, seek a new route of administration/formulation/dose/patient population with more risk, or if an IRB requires it.  
· NDAs are submitted to get marketing approval for a new drug under investigation (after phase 3 trials).  It’s reviewed by an advisory committee who recommend it for approval or disapproval (though the FDA isn’t obliged to follow the recommendation).  

Pharmacokinetics (I-IV):

· Pharmacodynamics:  What the drug does to the body.  The relationship between the [drug] and the pharmalogical effect.  It helps you decide on a target concentration, by finding the right drug, right amount, right place, and right timing.  
· Pharmacokinetics:  What the body does to the drug (absorption, distribution, metabolism, excretion), and relationship between the [drug]/dose and time.  It helps you hit your target by deciding how to achieve and maintain that target, seeing how much the levels will fluctuate, etc.

· Case example:  Cimetidine interacts with theophylline to raise its concentration.  If cimetidine is stopped, theophylline levels may drop below a minimum effective concentration.  This may require an IV bolus to get it back up.  If cimetidine is restarted, you’ll have to stop theophylline to allow levels to drop sufficiently, then once more determine how much to administer to maintain an appropriate level.  Then see how much of a twice daily oral dose is needed to keep a patient in the therapeutic window. 
· Drugs can be administered into the gut, blood or tissues, from which they will go to their site of action by movement across membranes.  They can be filtered/secreted by the kidney or removed/biotransformed by the liver for elimination.  
· Movement across membranes and among body compartments is determined by size, polarity, protein binding, pKa, and membrane transporters.  Smaller, less polar, unbound things move faster.
· Only unbound drug is free to move across membranes.  Changes in protein binding can drastically affect a drug’s action.  Lots of protein binding doesn’t mean a drug is ineffective, it just makes it less efficient and may require a larger dose to get the same free drug concentration.  Protein binding impacts distribution and elimination too.  The major proteins implicated are albumin and α1-acid glycoprotein.  Levels of these proteins may change with altered production or loss, modified affinity, or displacement.  
· Acidity and charge affect drug mobility.  For acids, if pH < pKa, you have a lot of uncharged acid that can cross membranes.  For bases, if pH > pKa, you have a lot of uncharged base that can cross membranes.  
· Acids:  pH=pKa + log [A-]/[HA]                        Bases:  pH=pKa + log [B]/[BH+]

· Keep in mind that different body compartments (blood, urine, stomach) have very different pHs.  Again, only the uncharged form will move across membranes and equilibrate among body compartments.  

· Active transport of drugs also occurs.  P-glycoprotein transporters can pump drugs into the intestinal lumen.  Organic anion transporters in the kidney can pump drugs out of the bloodstream.  These can be modified to increase absorption or block elimination by inhibiting these pumps.  
· Pharmacokinetic parameters like bioavailability, absorption, volume of distribution, etc seek to link the very complex processes (ADME) with the very simple practices physicians carry out (increase/decrease/maintain concentration or change route of drug).
· In a plot of concentration vs. time, the Area Under the Curve (AUC) is a measure of drug exposure (how long you’re exposed to how much drug).  It’s simply: 

AUC = ∑(the average of the beginning and ending concentrations)*(change in time)        for all of the time intervals on your graph.  Units=hours*mg/ml 

· Bioavailability (F) is the fraction of an extravascular dose (oral, IM, etc) that reaches the systemic circulation:   (Administered Dose)*F = (Systemic Dose).                                          It is less than 1 as a result of poor dissolution, short exposure to absorptive surface, limited passage across membranes or pre-systemic metabolism.
· Multiple factors may affect the bioavailability of a drug.  For example, something taken orally must be absorbed into gut cells, avoid biotransformation or secretion by gut cells, pass into the portal vein and hepatocytes, avoid biotransformation there, and finally enter the hepatic vein.  Each step has some fractional loss.
· F can be measured by giving an extravascular dose of a drug, and giving the same dose intravascularly.  F = (amount after EV dose)/(amount after IV dose) = AUCEV/AUCIV
· Low bioavailability is mostly an efficiency issue, and it may impact how much of a drug is given and the route by which it is administered.  

· Many IV drugs are administered as salts of the active drug, with some fraction remaining in the inactive salt form.  “S” is the fraction of active drug:

S = (amount of active drug) / (amount of total drug)

Therefore, (Equivalent Non-Salt Dose) = (Salt Dose)*S

· To go between oral and IV doses:  Oral Dose * F = active amount = IV Dose * S
· Vd = Volume of Distribution = the volume into which a dose appears to have been uniformly distributed.  Since Concentration=Mass/Volume, the Vd= Mass/Concentration.

· The volume of distribution is affected by drug movement.  If it crosses freely into many more compartments, it’s concentration measured in the plasma will be much lower, and the Vd will be greater.  The Vd is not necessarily a physiologic space.  

· Vd is determined by the site a method of measurement.  Most assays measure total concentration, not free drug concentration.  So if proteins bind to a drug in the blood, it’ll increase the concentration of the drug in the blood, even though the bound stuff doesn’t cross into other compartments and increase the amount of drug elsewhere.  So, you get a high concentration of drug in the blood, which decreases the apparent volume of distribution.  

· The Vd is very different in patients of different size, so the same dose will result in difference concentrations in them.  You may know that a given drug has a certain Vd per kg within a population, so if you know how much a person weighs then you can approximate their Vd.
· A loading dose may be given to achieve a desired drug concentration.  If you assume it reaches an instantaneous, uniform distribution, all you have to know is the Vd and desired change in concentration to calculate the dose:  
∆Concentration = effective drug mass / Vd  = dose*F / Vd
· Elimination Rate Constant (ke) is the fraction of a drug that is eliminated per unit time (units are hr-1).  First Order Rate = ke*[drug] = some fraction of the drug concentration will be removed per unit time, regardless of how much drug is present.                                          Zero Order Rate = ke*[drug]0 = ke = some amount of drug will be removed regardless of how much drug is present.
· For first order reactions, the elimination rate is equal to the slope of the [ES] vs. [S] curve.  Here, [ES] represents the elimination rate.  k = elimination rate / dose in body.  
(draw graphs here)

· Alternatively, it is the slope of the ln[drug] vs. time semi-log plot.  With first order elimination, the drug decreases by the same fraction in each period of time (ex: ½ lives).  The equation for this is:  Ct = C0 * e-kt
· A special case of the above equation is the half life (t=t1/2).  In this case:

Ln ½ = .7 = -kt        or          t1/2 = .7/k

· Or more generally:  Ct/C0 = e-kt = 1/2n   where n= the number of half lives.  
· So for dose interval decay, Ct/C0 = 1/2n.  Basically, Cmax/Cmin = 2n (n=dosing interval/t1/2)
· After 4-5 half lives, something is 95% gone.  
· Also, k (elimination rate constant, 1/hr) = clearance (L/hr) / volume of distribution (L)

· To calculate a person’s volume of distribution and half life:  Measure the drug concentrations at two times.  Plot ln [drug] vs time.  The y-interecept = ln C0, which gives you the original concentration, which is also equal to the dose*F/volume of distribution.  The slope of your plot is the elimination rate constant, k, which is also equal to .7/t1/2.

· With a constant IV infusion, Clearance (L/hr) is related to the concentration you want to achieve (mg/L) and the elimination rate at which the drug is being removed (mg/hr).  Clearance (L/hr) = elimination rate (mg/hr) / concentration (mg/L)

· To keep the IV infusion at steady state, you want the elimination rate to be the same as the infusion rate. 

· Conceptually, clearance is the rate at which a volume of fluid is completely cleared of a drug.  It is the slope of the elimination rate vs. concentration curve.  It too can reach zero order kinetics if the concentration is high enough and the eliminating mechanism becomes saturated:
(add graph here)

· Clearance is also a function of the extraction ratio (how much of the drug in the blood gets filtered out when that blood passes through the kidney, for example) and the flow through that organ of elimination.  Total clearance is a sum of hepatic, renal and other clearance.  

· Clearance and Area Under the Curve:  

· Cl/Ftotal = Dosetotal / AUCblood
· Renal Cl/Frenal = Dosein urine / AUC

· With a continuous infusion, you initially have no drug there so there’s no elimination.  But as the drug accumulates and the concentration increases, you begin to eliminate more.  Eventually, you reach a steady state where the amount eliminated matches the infusion rate.  What determines that steady state concentration is the clearance.  

· With a steady state infusion,                                                                                                      infusion rate (dose*F/time) = elimination rate (clearance*concentration).  

· Time to 95% steady state = 4-5 half lives, when you’re trying to build up to a steady state.

· Infusion rate = clearance*concentration
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· Finally, k = elimination rate / dose in body = Conc*Cl / Conc*Vd = Cl/Vd

· Cl = Vd*k = Vd*(.7/t1/2)

· If you administer intermittent infusions, or intermittent oral doses, each individual dose begins to add to what remains from the previous one.  The concentration increases until you reach a steady state.  Then, it fluctuates between a Cmax,ss right after a dose, and a Cmin,ss right before the next dose.  This is a pseudo-steady state, since the concentration is fluctuating around a steady value.
· If you give more smaller doses that add up to the same amount, you simply make the troughs higher and the peaks lower.  Eventually, this limit approaches the smooth curve of continuous infusion.  

· The dosing interval determines both the Cmax,ss / Cmax(after 1st dose), and the Cmax / Cmin.  

· The accumulation index is:  Rac = Cmax,ss / Cmax,1(after 1st dose) = 1/(1-e-kt)

· When trying to achieve concentration constrained dosing:
· To determine how much to give, calculate it the same way as a loading dose:               Concentration = Dose*F / Vd

· To determine how often to give it, use the ½ life decay formula: C=C0e-kt
· For intermittent dosing situations, you may need a “loading dose” to get you up to the Cmax so you can start your cycle of peaks/troughs.

· For a 1-time loading dose, there is no “time” in the dose term.  But, for a sustained dose, you always need to know how much drug is being administered over how much time.  

· Beyond the calculations:
· It may take some time for the drug to distribute to its final volume, especially if it leaves the blood.  That may cause its concentration in the blood to initially decrease quickly, and cause you to overestimate elimination.  This can also cause a delay in which the peak blood concentration doesn’t correspond to the peak drug concentration in the tissues.  If there’s a long distribution phase, you may also get toxicity due to transient high concentrations in the blood before it dilutes into the tissues (you may have to give a couple small loading doses).  This could also lead to erroneous half-life calculations, so you should be sure to measure concentrations after distribution has occurred. 

· Short infusion is like continuous infusion, but doesn’t run ‘til you reach steady state.  Then, when you discontinue it, you get log decay.  May be used instead of an IV bolus so that you don’t get such a high peak.  

· Absorption rate constant (Ka) also affects the drug concentrations over time.  It takes some time for a drug to be absorbed.  It can be measured by looking at how the concentration increases over time.  The slower the absorption, the lower the peak concentration (and the higher the trough concentration) and the later the peak concentration.  This slower absorption is characteristic of oral dosing, compared to IV.  
· If Vd changes, the loading or intermittent dose should change (Dose*F=C*Vd).  But for maintenance infusions, as long as clearance stays the same, changes in Vd won’t alter the dose (Dose*F/time=Css*Cl).  Time to steady state changes with half life or Ke (elimination rate constant).  

· Creatinine clearance can be used as a measure of renal function:                                  Clcr=[(140-age)*weight / 72*Scr] (.85*female)      Scr=serum creatinine
· You can relate the adjusted creatinine clearance to the clearance of your drug:                    Maint.Doseind / Maint.Dosepop = Clind / Clpop
· If you decrease a maintenance dose when someone’s clearance decreases, that will also alter the time to steady state.  
Autonomic Pharmacology I 8/29:

· The autonomic nervous system is the efferent, involuntary part of the nervous system.  

· The parasympathetic nervous system originates from the midbrain, medulla and sacral spinal cord.  Ganglionic receptors are ACh nicotinic, and target receptors are ACh muscarinic.  Classical actions include smooth muscle constriction and glandular secretion, pupil constriction (miosis), constriction of bronchial smooth muscle, lower heart rate, increased GI digestion, and bladder contraction.

· ACh is synthesized by the enzyme choline acetyltransferase.  ACh release is calcium dependant, and is promoted by β-bungarotoxin and black widow venom, and it is blocked by botulism toxin.  Acetylcholinesterase in the synapse is the rapid main “off switch,” and the choline is then taken up by the presynaptic neuron again.  There are neuronal and serum types of acetylcholinesterases.  

· History:  ACh synthesized by Baeyer in 1867.  Muscarine isolated from mushroom by Schmeidberg in 1869.  In 1907 Dixon noted similarity of muscarine effects and vagal stimulation.  In 1907, Hunt showed ACh and choline esters to have similar effects.  In 1914, Dale postulated that ACh is the NT of the parasympathetic nervous system.  In the 1920s and 30s, this is confirmed and choline esters are used clinically.
· Muscarinic receptors are GPCRs, whereas nicotinic receptors are cation channels.  There are many subtypes of muscarinic receptors, some activating Gq and PLC, others acting at Gi and K channels and adenylyl cyclase.  Some are cardiac selective, but this hasn’t been exploited clinically. 

· Muscarinic Agonists:
· Bethanechol (urecholine) – resistant to cholinesterases.  Strongly increases GI peristalsis/secretion and stimulates urinary bladder contraction.  Minimal cardiac effects or nicotinic interactions.  Used clinically for neurogenic bladder, post-op gastroparesis.  May be delivered orally 10 mg tid (3x daily) or subcutaneously.  

· Pilocarpine – from leaves of South American shrub.  Its effects are general muscarinic ones, including pupillary constriction, spasm of accommodation, a fall in intraocular pressure after a transitory rise, and miosis (pupillary constriction) lasting several hours.  Clinically, it’s given for glaucoma (esp. open angle) as an ophthalmic solution to modify smooth muscle and allow for better aqueous humor drainage.

· Metoclopramide – Increases gastric emptying and is an anti-emetic.  Its mechanism is unclear.  It is used clinically for first line gastroparesis or as an anti-emetic.  It’s given orally 10mg tid (3x daily).  
· Muscarinic Antagonists:

· Atropine – used as medicine/poison historically, purified in 1831 by Mein and shown to block cardiac vagal effects.  Atropine is a competitive antagonist of acetylcholine at most muscarinic receptors.  Its effects include dry mouth, dry skin, constipation, urinary retention, flush, bronchodilation, mydriasis (pupil dilation), tachycardia, delirium…overall – mad as a hatter, red as a beat, dry as a bone.  Clinically, atropine is used to stop asystole (code blue), for diarrhea, as an antidote to acetylcholinesterase inhibiting toxins, and for pupil dilation.  It’s given po, ophthalmic, or by injection.
· Scopolamine – orally or transdermally for motion sickness

· Ipratropium (atrovent) – as an inhaler for bronchodilation for asthma/COPD

· Benztropine – orally for parkinsonism side effects of antipsychotics. 

· Oxybutynin – orally to increase bladder capacity and anti-spasmodic for some types of incontinence.

· Diphenhydramine (benedryl) – antihistamine with anticholinergic and sedative properties

· Tricyclic antidepressants – block Nepi and serotonin reuptake, but often have anti-cholinergic side effects.

· Acetylcholineseterase Inhibitors:  Agents may be therapeutic for glaucoma (physostigmine), antidotes to poisons (pyridostigmine), or toxins (sarin).  AChesterase acts like a serine protease to attack the ester and is found in the synaptic cleft.  It forms aggregates that anchor it and provide extracellular stability.  Signs and symptoms of AChesterase inhibitior poisoning include brochospasm, salivation, lacrimation, defacation, urination, bradycardia, hypotension, muscle weakness, and death in minutes/hours.  Poisoning may occur through insecticides like parathion.  Treatment of poisoning requires lots of atropine and pralidoxone, though stigmine drugs can prevent poisoning if given earlier.  
· Huperzine A – a reversible, competitive inhibitor sometimes used for Alzheimer’s.

· Neostygmine, Pyridostigmine, Physostigmine – reversible covalent modifiers.  They form a more stable covalent intermediate with the enzyme, but one that still gets broken down over minutes.  
· Sarin – irreversible covalent modifier.  Forms a covalent intermediate that ay take days to fall apart, or may “age” to form a permanent covalent compound (resistant to pralidoxone rescue).

· Pralidoxone – Can reactivate AChesterase blocked by Sarin if treated before the intermediate has “aged”

Molecular Imaging 8/28:

· Molecular imaging is the remote sensing of cellular processes at the molecular level, in vivo, without any perturbation of the system under study.  It’s all based on the idea that human illness has a molecular basis.  
· 18F-fluorodeoxyglucose PET is a way to look at phosphorylation of a glucose by hexokinase within a malignant tissue, and is already pretty standard.  But there’s lot of excitement because of the ability to combine imaging stuff with molecular bio, expand imaging to several modalities, and advances in specificity and sensitivity of the imaging.  

· Imaging:  we can now image functional and metabolic information at pretty high resolution, which is great because functional changes precede anatomic changes.  This may allow for earlier diagnosis and therapeutic monitoring.  
· Molecular bio, chemistry and computing are also advancing quickly to help fuel this field of study.  It’ll lead to better drug development, more personalized medicine, etc. 

· Eventually cancer patients, for example, may be diagnosed with an underlying genetic abnormality rather than an organ-system based disease, and treatment can be individually tailored.  

· The goals of the field include:  image gene delivery and expression, understand cellular processes in their intact microenvironments, develop new imaging technologies, and facilitate drug development and therapeutic monitoring.  A lot of the present focus is on studying established in vitro processes in vivo, where there’s more relevant information. 
· For this kind of imaging, you need specific probes, amplification, and sensitive imaging.  It’s harder to develop probes than drugs, since the probe must clear from all irrelevant sites, but still get where it needs to go.  But probes are good in that they can be administered in tracer quantities that won’t alter the system under study (making them easy to approve). 
· Imaging modalities:  optical (ex: luciferase), radiopharmaceutical (PET, single photon emission CT), MR, and ultrasound.  Modalities have different sensitivities (optical and nuclear are quite sensitive, MRI least), spatial resolutions, etc.  They may be coupled with anatomic techniques like CT to improve resolution via multimodal imaging.  
· Radiopharmaceuticals are easiest to translate to the clinic.  SPECT requires chelation to radioactive atoms, but with PET, you can use physiologic tracers w/ C, O, N, etc.  One downside here is that the positrons annihilate a small distance from the point at which they were emitted, resulting in suboptimal resolution. 
· A useful probe for radiopharmaceuticals must:  have no pharmalogical action and be cleared from all site in the body other than the intended target site.  Otherwise, they are much like drugs.  Probes are used for all modalities, but radiopharmaceuticals are presently used in clinic as one of the first practical applications of molecular imaging.  

· Radiopharmaceuticals are compounds with short-lived isotopes that can be detected by single photon emission CT (SPECT) or PET.  They must be synthesized quickly to prevent decay before they can be injected.  

· Tracer principle:  The injected material has no effect on physiology because such small quantities are administered.  This is most applicable for radiopharmaceuticals, but MR and optical probes require larger quantities.  Binding specificity may be tested by knocking out the receptor or receptor pre-blockade before the probe is administered to make sure all of the binding is due to the specific target.  

· Signal amplification:  to generate enough signal to be detected, you’d like to use probes that regenerate and aren’t consumed.  It’s often better to use an enzymatic reporter, rather than a ligand, since the enzyme will have lots of turnover rather than just binding once.  

· Reporter gene/reporter probe concept:  Introducing a gene into a cell so that it produces a receptor, transporter or enzyme which can be detected with a probe.  The activation of the reporter gene is usually linked to a gene of interest.

· PET is being used to monitor new cancer therapies or to diagnose Alzheimer’s.  For example, they can follow T-cells transfected with a reporter gene.  You can challenge a mouse with an antigen and image T-cell trafficking once enough are present.  This can be important for developing tumor vaccines, etc.  
· Challenges in the field include technical ones (better sensitivity, resolution, probes, etc), and nontechnical ones like getting FDA approval, and ethical issues of ESC and gene therapy. 

Drug Metabolism 8/28:

· A lot of drugs can’t be eliminated in their ingested forms, and must first be oxidized/reduced or conjugated before they can be eliminated.  Most drugs are eliminated by the kidneys (water soluble) or liver/bile (fat soluble).  

· Biotransformation in the liver produces more polar molecules or more water soluble conjugates, allowing them to be more readily excreted.  The liver is responsible for the vast majority of drug metabolism.  Sometimes, this may produce more toxic or more active compounds.  

· Drug metabolism can alter the toxicity or activity of a drug, and one drug may induce or inhibit the metabolism of another making it toxic or ineffective.  But, most drug metabolites are biologically inert.  

· Most drugs are administered orally and absorbed in the small intestine.  They pass through the portal circulation and liver, and are thus susceptible to break-down and may by significantly affected before they get to the systemic circulation.  This is “first-pass” metabolism, and if a lot of it occurs, a drug is classified as having high extraction.  Hepatic clearance is dependent on liver blood flow. 

· First pass metabolism:  only a small fraction of a highly extracted drug reaches the systemic circulation.  Drugs with negligible first-pass effect are classified as having low extraction.

· First pass metabolism can be circumvented by changing the route of delivery (IV, sublingual, transdermal, rectal) or changing the rate of metabolism (administer an inhibitor of metabolism).

· Most hepatic drug metabolism occurs in two categories.  Enzymes are in the microsomal fragments of cell lysate, from the smooth ER:

· Phase I:  Oxidation, reduction or hydrolysis.  Enzymes include cytochrome P450 (CYP450) enzymes, or mixed function oxidases.  These tend to be on the cytoplasmic surface of the smooth ER.
· Phase II:  Conjugation.  Glucuronidation by glucuronyl transferases, acetylation by N-acetyltransferases, methylation by S-adneosylmethionine transferase, or conjugation to sulfate by sulfotransferases.  These are in the membrane or on the lumenal surface of the ER.
· CYP450s participate in redox reactions.  The reduced form complexes with CO to absorb 450 nm light.  There are many classes, with only a few involved in human drug metabolism.  CYP3A is implicated in over half of the drugs metabolized by these enzymes.  It has over 10,000 substrates, and is highly expressed in hepatocytes.  
· Some drugs are metabolized by enzymes in the cytosol or mitochondria.  These include alcohol (metabolized by aldehyde dehydrogenase), some neurotransmitters (metabolized by monoamine oxidase), and some proteases.

· CYP450s are present in other tissues, but usually aren’t involved in drug metabolism.  One exception is the intestinal enzymes, which can contribute to poor bioavailability and first-pass metabolism of some drugs.  

· Some glucuronyl transferases exist in the kidney and other tissues, and contribute some to drug metabolism.  N-acetyltransferase is likewise present in various tissues, especially muscle, and may play a major role in drug acetylation (especially for slow acetylators)

· Drugs can be substrates, inhibitors, and/or inducers of CYP450’s metabolism of other drugs.  Inhibition is typically competitive and reversible.  Common inhibitors include cimetidine (anti-ulcer drug), erythromycin, and ketoconazole (anti-fungal).  Disulfram (antabuse) inhibits alcohol metabolism.  These kinds of things can result in important changes in drug levels.

· CYP450 inducers usually act by increasing transcription of CYP450 enzymes, not by direct interaction with the enzyme itself.  They do this by binding to promotors, like orphan nuclear receptors (ex: PXR).  CYP450s have long half lives, so these inducers usually have lasting effects.  Different inducers influence the various classes of CYP450s. 

· For most drugs, time to steady state=4-5 half lives. 

· Levels of liver enzymes change with age and development.  Neonates have low levels of hepatic glucuronosyl transferases, and may be particularly susceptible to toxicity.  Human children reach adult levels of most important enzymes by 1 mo-1 year.  
· The elderly may have reduced hepatic blood flow, and/or reduced phase I reaction capacity resulting from underlying disease or simply aging.  For drugs, the motto for older patients is:  start low and go slow.  But, age alone won’t absolutely predict the rate at which someone metabolizes drugs.  Phase II reactions are pretty well preserved.

· Cirrhosis, for example, can both reduce blood flow (reducing first pass metabolism, too) and decrease the number of functional hepatocytes. 

· Polymorphisms in drug metabolism represent some common and well-studied genetic traits.  These mutations usually result in altered regulation of enzyme production, and rarely in production of a dysfunctional enzyme itself.  

· Several families of transmembrane proteins actively transport or facilitate diffusion of drugs.  They can mediate influx or efflex through cells, can be inhibited/induced, and are subject to genetic control.

Complementary and Alternative Medicine 8/29:

· There are still lots of natural products out there that we haven’t investigated/discovered, and we should develop them for medicinal use as rigorously as we do drugs. 

· Tens of billions are spent on CAMs, about half of which is out-of-pocket.  There is a National Centers for CAMs in the NIH, with lots of money being spent there.  Half of patients take them, so we need to know about them and decide how we should use them.  
· CAMs include botanicals, acupuncture, meditation and chiropractors.  If a botanical is sold as an extract (dietary supplement or herbal medicine) it can bypass a lot of the requirements of drug (an isolated, pure chemical).  Maybe more than 50% of our drugs are isolated from botanicals.  

· Of the top ten selling natural products, the top 5 (Echinacea, ginseng, ginkgo, garlic and glucosamine) have no evidence of efficacy.  

· All healing involves two parts, the belief based and the science based.  Beliefs include traditional, philosophy, religion, and homeopathic stuff (drugs should be diluted to the point that they have no toxicity).  Evidence based stuff comes from clinical trials and epidemiologic studies.  

· He characterizes traditional medicine as authoritarian, static, accepting, spiritual and anecdotal.  Whereas scientific medicine is newer, independent, changing, challenging, and scientifically proven.  Science is much more universally accepted. 

· Three principles are critically important (esp for the exam):

· Products must be standardized and rigorously regulated.

· Products must be proven to be acceptably safe. 

· Products must be proven to be effective for something that is of value to the patient.

· 1906 – the pure food and drug act mandated good manufacturing practice and honest/accurate labeling.  Standardization and regulation.

· PC-SPES – an herbal widely used for prostate cancer.  It was found to contain a combination of synthetic substances.  On the scale of bias to fraud, this was way on the fraud side.

· 24% of sampled Chinese herbal medicines were found to be adulterated.  37% of American herbal medicines were found to be inconsistent with the label.  Nobody can know what is being given, and nothing can be proven/disproved this way, including safety.  Nothing can be replicated either.
· 1994 – the Dietary Supplement Health and Education Act – keeps FDA out of herbs and dietary supplements.  As long as you don’t market something as a treatment for a specific disease or as having a specific biological action, it can escape a lot of expensive and time consuming FDA regulation.  
· 1938 – Food Drug and Cosmetics Act, requires acceptable safety. 

· 1962 – Harris Kefaufer Amendment – proof of effectiveness for something of value required.

· Clinical research is essential for showing interventions to be effective and safe.

· The gold standard for this is the prospective, controlled, randomized, double blinded study.  Only one herbal medication has been approved by the FDA, and that is:  Veregen (kunecatechins), for the topical treatment of external genital and perianal warts in immunosuppressed adults.  Even this isn’t super effective, but it’s statistically significant.

· A few herbals haven been approved by the FDA as OTC drugs with modest value for some illnesses, including:  Witch Hazel (for minor skin irritation), Senna (laxative) and Psyllium (laxative).

· St John’s wort has some evidence (a meta analysis) suggesting that it works for mild depression, but is not yet FDA approved.  

· CAM-drug interactions can be just as important as approved drug-drug interactions.  Men on cyclosporine (immunosuppressant for organ transplant) took St Johns wort and this lowered cyclosporine levels and led to rejection of the transplants.  

· St Johns wort (hypericin) induces CYP450 3A4, which metabolizes more cyclosporine (and does the same to the pill).  While most herbal medications appear to be pretty safe, there are some pretty bad ones.  Ex: ephedra, aristolochic acids, tiratricol.

Autonomic Pharmacology II 8/29:
· The sympathetic nervous system arises from the thoracolumbar spinal cord.  Ganglionic receptors are ACh nicotinic.  Most target receptors are adrenergic (though sweat glands are ACh muscarinic).  The primary post-ganglionic NT is norepinephrine.  The adrenal medulla behaves like a postganglionic neuron and releases primarily epinephrine.  

· The classical actions of the sympathetic nervous system include:  bronchial dilation, increased hepatic glucose production, increase in heart rate and stroke volume, increased blood flow to skeletal muscle, and decreased GI activity.   Activation occurs by innervation and by adrenaline in the circulation.  

· NEpi biosynthesis:  tyrosine (tyrosine hydroxylase)→ DOPA (aromatic amino acid decarboxylase)→ dopamine (dopamine hydroxylase)→ Nepi. 

· Tyrosine hydroxylase is the rate-limiting step, and the one sped up by sympathetic stimulation.

· α-methyltyrosine blocks tyrosine hydroxylase, and is used clinically for pheochromacytoma (benign adreal medulla tumor).

· α-methyldopa blocks AAA decarboxylase and was used to treat hypertension.

· Synaptic release of Nepi is Ca dependent.  It reaches adrenergic receptors, both on the post-synaptic cell and the pre-synaptic cell (α2 receptor for negative feedback).  The “off” mechanism is reuptake into the presynaptic cell, which is blocked by tricyclic antidepressants.  In the pre-synaptic cell, monoamine oxidase breaks down the Nepi (MAO blocked by pargyline, and is a target in depression and Parkinson’s).  
· α-methylnorepinephrine, bretylium, and guanethidine replace NEpi in the secreted vesicle, reducing the effect of Nepi.

· Tyramine, amphetamine, and ephedrine are sympathomimetic, and enhance Nepi secretion at the synapse.  

· Adrenal glands have the enzyme phenylethanolamine N-methyltransferase, which converts Nepi into epi.  

· Adrenergic receptors are GPCRs.

· History:  Oliver and Schaefer show the pressor (increase BP) effects of adrenal extracts.  Abel purified the active principal.  Dale showed that epinephrine analogs had overlapping effects.  Ahlquist postulated two receptor subtypes (α for smooth muscle, β for cardiac).

· Adrenergic receptors:  There are three receptors, each with three subtypes.

· α1 (A,B,C) – mixed effects.

· α2 (A,B,C) – inhibit adenylate cyclase or Ca channels, and activate K channels

· β (1,2,3) – coupled to adenylate cyclase

· Dopamine receptors in the vascular bed and CNS can bind catecholamine derivatives, and dopamine can bind the α receptors.  

· α-receptor pharmacology:  

· agonists:  epi, norepi, dopamine, phenylephrine.

· α1 selective:  phenylephrine – for hypotension, induces vasoconstriction, and may also be used as a nasal decongestant.

· α2 selective (on pre-synaptic cell for negative feedback):  clonidine – decreases Nepi release, acts to reduce blood pressure and used to treat substance abuse withdrawal.

· Antagonists (non-selective):  phenoxybenzamine (for pheochromacytoma), phentolamine

· α1 selective:  prazosin – for hypertension, blocks vascular smooth muscle constriction, and helps enhance urine flow in BPH (great for older men)

· α2 selective:  yohimbine – questionable clinical use to increase libido.

· β receptor pharmacology:

· Agonists:  isoproterenol (non-selective for β1 or β2), epinephrine – stimulate cardiac output and dilate bronchial smooth muscle.  

· β1 agonist – dobutamine – increases cardiac rate and force of contraction, administered for cardiomyopathy with congestive heart failure, especially with angina.  Dobutamine may help dilate coronary arteries and reduce afterload, so it really helps out with the heart. 

· β2 agonist - albuterol – dilates bronchial smooth muscle and uterine smooth muscle with few cardiac side effects, used for asthma and to stop premature labor (also terbutaline, and metaproterenol).  Albuterol also promotes glycogenolysis in the liver.
· Antagonists:  propranolol (non-selective for β1 or β2), used to treat hypertension, angina, anxiety, vasovagal syncope (prevents the increase in heart rate that induces vasodilatation that causes fainting when you get excited), and arrhythmias.  

· β1 antagonist – metoprolol and atenolol, reduces cardiac output, used for hypertension and angina.  Better than non-selective beta antagonists because they don’t have the beta-2 activity that can cause hypertension and be counterproductive.  

· β2 antagonists – not clinically useful.

· β3 receptor pharmacology is only investigational at this point.  It may selectively reduce adipose in obesity.  

· Epinephrine – primarily a beta agonist.  Tends to increase CO and blood pressure, increase oxygen consumption and blood glucose, and is used clinically to stop anaphylactic responses.

· Nepi – primarily an alpha agonist.  Tends to increase blood pressure with less effect on CO and metabolism.  It’s major clinical use is in hypotensive shock, but has largely been replaced by phenylephrine.  

· Dopamine – Clinically used for hypotension, given by IV confusion.  It is also used in renal failure patients with low perfusion.  Higher doses affect alpha and beta receptors and may be used as the first pressor (to increase bp) in instances of shock.

· Adenosine receptor pharmacology is an emerging component of the autonomic system (theophylline treats asthma by antagonizing adenosine).  NO signaling is also an emerging component, and accounts for the action of nitroglycerin.  
Receptors: Targets for Drug Action 9/2:

· About 1/2 of the top 20 most prescribed drugs are directly or indirectly receptor related.  They are particularly useful pharmacologic targets because they can be activated from the outside, amplify a signal, and affect stuff on the inside.  Receptors may be on the surface or they may be nuclear, and they exhibit discrimination (only respond to certain things), sensitivity (often respond to very low concentrations) and amplification via transciption, ion channels or GPCRs, etc.  

· R+L => RL => RL => => E

· The receptor and ligand form a complex, which undergoes a conformational change and eventually has a biological effect.  The occupany theory states that the biological effect is proportional to the concentration of the receptor-ligand complex.  

· The effect of a drug depends on its concentration near the receptor, the receptor concentration, their binding affinity and the nature of the biological effect.  You can do bioassays and quantitative receptor studies to determine the biological effect of a RL interaction, the binding constant (affinity), and receptor concentration on the target.  Usually all you can control is ligand concentration.  

· In a bioassay, you vary the total ligand concentration [Lt], and measure the biological effect. This will allow you to calculate Kd.  

· gamma (occupancy) = [RL]/[Rt] = E/Emax = [L] / (Kd + [L]).  

This can be graphed as E/Emax vs. [L], and is a rectangular hyperbola.  Or, if you plot E/Emax vs. log [L], you get a sigmoidal "log dose-response curve."  In either case, the [L] at half maximal biological effect is the Kd (or ED50) (the inflection point of the sigmoidal curve).  The smaller the Kd, the more potent the drug.  (add graphs)

· Ligands may be agonists, antagonists, or partial agonists/antagonists.  The biological effect for competitive inhibitors is determined by the number of receptors bound to each ligand (determined by the ligand concentrations and binding constants).  Because you cannot distinguish an antagonist against a compound that has no action if you have a baseline of 0% of the maximum biological effect, it can be most useful to have a baseline level of biological effect when testing compounds to see if they act as agonists, antagonists, or partial agonist/antagonists.

· Potency = [drug] that gives you 1/2 maximum effect.

· Efficacy = how much biological effect you can achieve.

· Competitive Inhibition:  In a bioassay with radiolabeled ligand, inhibitor binding to the receptor reduces the concentration of free receptor, and shifts the equilibrium away from R-L* complex.  You can vary the concentration of inhibitor and get a log dose inhibition curve, which shows how the log[inhibitor] influences the % maximal response.  This allows you to find an IC50 (inhibitory concentration, same as Ki) and assess the potency of an inhibitor. Although this will tell you how strongly something binds, it will not necessarily show if it acts as an agonist or antagonist or partial antagonist/agonist.  For that, you need to do an assay of biological activity.  (add graphs)

· Ligand Binding:  You can measure the amount of ligand bound to receptor by using radiolabeled ligand.  By varying [ligand] and measuring the [RL] and [L], you can determine the equilibrium dissociation constant (Kd) and the total receptor concentration ([Rt]) by:  [RL]/[Rt] = [L]/(Kd + [L]).  

· The results can be plotted as [RL] vs. [L] (add graph).

· Or on a Scatchard Plot as [RL]/[L] vs. [RL] (add graph).  For this plot, the slope=-1/Kd, and the x-intercept=[Rt]

· Receptors are grouped into related families.  Multiple subtypes of receptors exist for each hormone, NT, or drug.  These various receptors may link to different effectors, and/or be expressed in different tissue-specific patterns. 

Intro to Pharmacology of Antineoplastic Drugs 9/3:

· Cancer may be treated with surgery (only if not metastatic), local radiation therapy, local or systemic chemo, immunotherapy, or hormone/growth factor therapies.  

· Cancer cells are derived from human cells, and usually possess few, if any, unique drug targets.  As a results, the therapeutic index of many anti-neoplastic drugs (LD50/ED50) is quite low.  

· Many chemotherapeutic agents interfere with cell division, so preferentially affect the cells that are dividing more quickly.  Many such agents follow first order kinetics, so a given dose of drug kills a certain % of the cancer cells, regardless of how many cells there are.  This results in a saw-toothed “log-linear” kinetics as you administer the drug multiple times.  
· Norton-Simon hypothesis:  the more cancer cells you kill, the faster they grow back.  So, killing more cells with multiple drugs isn’t associated with better clinical outcomes.

· Many anti-neoplastic drugs kill cancer cells by inducing apoptosis.  But, cancer cells with defects in apoptotic pathways (quite common) may be resistant to such pharmaceuticals.
· Tumor cell heterogeneity promotes the tendency of cells to become resistant to an antineoplastic drug.  One well known mechanism is by the ABC family of transporters that pump the drugs out of cells.  

· Goldie-Coldman Hypothesis:  drug resistant cancer cells arise from selection at a rate related to the genetic instability of the cancer cells.  It arises due to spontaneous mutation which confers resistance on some cells.  If it happens early in the proliferation of a clonal population, lots of them will be resistant.  If it happens late, few will.  This differs from the idea that all cells are capable of becoming resistant, and the presence of the drug would induce that resistance in some consistent fraction of the cells.  In reality, the rate of appearance is independent of the tumor size, but the absolute number of resistance cells is not.  So, it’s good to use chemo along with debulking surgery to reduce the number of resistant subclones that may arise.

· Based on kinetic properties, drugs that target replicating cells may act better on rapidly proliferating cancers that static ones.  Some cancers are better than others at different drug-resisting strategies.  It’s tough to find treatments for some cancers because they are so similar to the normal cells.  
· Cancer stem cells may be phenotypically different from the majority of cancer cells.  So, it may be tough to find a treatment that will eliminate both.  

Principles of Antibody Targeted Therapy 9/4:

· Must be able to consider information about a cancer and evaluate a proposed antibody treatment strategy for the exam!!!

· Polyclonal abs are useful to treat or modify infection, as anti-venins, for drug overdose or for immune modulation.  So for digoxin overdose, you can inject Fab fragments of anti-digoxin antibodies, and they’ll bind the drug and allow it to be cleared.  They can bind venom and inactive it.

· For a monoclonal antibody, you want the target to be only the pathogen, not on normal tissues.  Lymphomas expressing Ig on their surface were clonal and all expressed the same idiotype of Ig.  So, a monoclonal antibody specific to that idiotype should only target tumor cells.  Worked, but some of the hypervariable regions experienced escape mutations and were able to evade the treatment. 

· A full sized mouse antibody will last days in our circulation.  An Fab fraction will last hours.  A human antibody will last for months.  If you give mouse antibodies, you may generate HAMA (human anti-mouse antibodies) and get toxicity.  This will preclude retreatment with the antibody.  

· They also make chimeric abs, using the variable regions from a mouse antibody and linking them to the Fc fragments of human antibody.  

· Rituximab is a chimeric ab that binds b-cell surface antigen CD20.  It achieves a 60% response rate in patients with follicular lymphoma.  Alone it’ll induce remission in 30%, and it improves many other treatments.  B cell levels are greatly decreased, but not T-cells or other stuff.  As these cells are lysed, you initially get some adverse effects, but these decrease over time.  
· Eventually, everyone relapses on this drug.  

· But, you don’t have to worry about HAMA or HACA because any B-cells that would mediate that already got killed off.  Plasma cells that make IgG don’t express CD20, so they are safe from this drug.  Also, the hematopoietic stem cells don’t express CD20, so eventually you can regenerate B-cells if you stop taking the drug.  

· Its mechanism is most importantly marking tumor cells for killing by antibody-dependent-cell-mediated-cytotoxicity (ADCC).  Other mechanisms may include inducing apoptosis or complement. 
· Resistance occurs, and may be due to failure to activate ADCC or variation in the apoptotic pathway.  

· It will eventually recur.  It’s debated whether it should be used intermittently as a maintenance therapy, because if that’s done and it does come back, then it won’t be responsive to rituximab.  Side effects include susceptibility to infection.  And, it’s quite expensive.  

· Monoclonal antibody treatments may be enhanced by conjugating them to radioactive molecules to deliver radiation to the tumor (so it doesn’t have to directly bind all cells).  Murine antibodies are good for this, since they are cleared more quickly from the rest of the body.  

· You could also add a toxin and accomplish the same thing.

· Trastuzumab (herceptin) binds and blocks the activity of HER2, which is overexpressed in breast cancers.  This leads to ADCC.  Like rituximab, it enhances the efficacy of other treatments (such as chemo).  

· Importantly, side effects of herceptin include cardiac dysfunction because HER2 is also expressed in the heart.  

· Potential targets for this type of therapy could be mutated proteins, but ideally proteins that are only expressed in the cancer.  If the target is tissue specific, it’d be best if it were in a dispensable tissue.  

Antimetabolite Drugs, Signal Transduction Inhibitors and AntiAngiogenesis Drugs 9/5:
· Antimetabolites mimic normal metabolites, and potently inhibit enzymes.  All are administered as pro-drugs that require activation.  They mostly inhibit nucleotide and DNA synthesis, so they mostly kill in S phase.  
· These drugs tend to give toxicity as a result of affecting all dividing cells (esp. hair follicles, bone marrow, and intestinal epithelium).  

· It can be tough to deliver drugs to the central hypoxic zone of solid tumors. 

· Antimetabolite Cancer Therapy Drugs:

· Folate antagonists:  Methotrexate is a folic acid mimic that inhibits the enzyme dihydrofolate reductase (DHFR) to prevent purine and thymidine synthesis.  Folic acid is a precursor for tetrahydrofolate (THF), the methyl and methylene donor for thymidine and purine synthesis.
· Given IV or oral for lots of cancers, and high doses are used with leucovorin rescue.  Leucovorin replenishes the folate pool and improves the therapeutic index, allowing normal cells to survive.

· Uptake is receptor mediated.  Resistance may arise from DHFR upregulation or defects in polyglutamate addition necessary for MTX activation.  

· Toxicity includes mucositis, kidney damage and hepatotoxicity.

· Deoxynucleotide synthesis antagonists:  Hydroxyurea inhibits the enzyme necessary for reducing NDPs to dNDPs, which is required for DNA synthesis.  
· Resistance may arise from overexpression of the ribonucleotide reductase enzyme it inhibits.  

· Used for leukemias and head/neck cancers.

· Pyrimidine synthesis antagonists:  5-fluorouracil (5FU), ftrorafur and 5-deoxyfluororuridine.  The active form of the drug modifies thymidylate synthase, an enzyme necessary for pyrimidine synthesis.  The triphosphate form of the drug (dUTP) can be incorporated into DNA and cause double stranded breaks.  Several enzymatic steps are required to activate the drug, and these are often mutated in resistance.  

· 5FU may be administeredwith leucovorin to increase its binding to thymidylate synthase and increase its therapeutic index.

· Often given IV or oral for colorectal and breast cancer

· Purine biosynthesis antagonists:  6-thiopurine, 6-thioguanine, 6-mercaptopurine, azathioprine.  These purine base analogs are modified and act as competitive inhibitors of purine biosynthetic enzymes.  
· Often used orally for leukemias.  Resistance may arise by inactivating enzymes in the inhibiting mechanism, or increasing enzyme levels in the normal pathway (by decreasing their breakdown).  Toxicity from bone marrow suppression.

· DNA polymerase inhibitors:  Gemcitabine (2’, 2’ difluorodeoxycytidine), cytosine arabinose (cytarabine, Ara-C), fludarabine (arabinosyl-2-fluoroadenine), 5-azacytidine (5-aza-C), 2-chlorodeoxyadenosine (cladribine, 2-CdA).  Basically a lot of cytidine and adenosine derivatives.

· These block DNA elongation.  Works against pancreatic cancer (gemcitabine), acute myelogenous leukemia (AML – cytarabine) and chronic lymphocytic leukemia (CLL - fludarabine).  
· Toxicity is due to myelosuppression.  Enzymatic and transporter resistance occur.  

· New strategies with targeted therapy offer better selectivity and less toxicity.  
· Signal transduction inhibitors:  target signaling pathways especially important to cancer cells.

· Receptor and non-receptor protein kinase inhibitor (PKI):  imatinib (Gleevec).  Inhibits autophosphorylation of kinases BCR-ABL (implicated in CML), c-KIT (in GI stromal tumors), and PDGF protein kinase.  BCR-ABL cells, for example, are resistant to apoptosis.

· Trastuzumab (Herceptin) binds HER2, an RTK for EGFR found in 25% of breast cancers.

· Cetuximab is an anti-EGFR MAb for treating colorectal cancer and head/neck tumors.

· Gefitinib is an EGFR tyrosine kinase inhibitor effective against non-small cell lung cancer (NSCLC)

· Resistance may arise from mutations in the catalytic domain of the enzymes, but second generation PKIs have been developed against known mutations.  

· Anti-angiogenesis drugs:  May work by inhibiting proteases that break down the ECM (neovastat).  May inhibit endothelial cell proliferation (gleevec, a growth factor receptor inhibitor).  Or, may prevent proliferation directly (fumagillin).  
· Proteasome Inhibitors:  Bortezomib (Velcade) targets the active site of proteasomes, which is much like a serine protease.  It is approved to treat myeloma, and works by preventing degradation of IkB, so that NFkB can’t be activated and prevent apoptosis.  

· Inhibition of anti-apoptotic protein BLC2:  Genasense.  This basically promotes apoptosis.
Chemoprevention of Cancer 9/5:

· The clinical prevention model seeks to treat cancer after the disease has manifested.  The public health intervention model tries to have broader interventions that affect more people and prevent the disease from appearing.
· Only 5-15% of cancer is due to inherited genes.  People born more recently with the same mutations have much higher cancer risks, and environmental factors, exercise, etc. are having a big influence.  

· To control cancer rates, they ideally like to prevent it by reducing exposure to avoidable ones and protecting from other carcinogens (particularly unavoidable ones).  

· There’s lots of evidence for environmental/dietary roles in cancer from changing US cancer rates, variations in rates around the world, changing data in immigrants, and differences with certain exposures.  
· They estimate that about 80% of male and 77% of female cancers are potentially avoidable.  Tobacco and diet alone may play a major role in 70% of cancers (35% each).  

· Cancer chemoprevention seeks to retard, block, or reverse carcinogenesis by natural/synthetic agents before malignancy occurs.  It takes a long time to form an invasive cancer, so there’s lots of opportunity to intervene.  It may work by preventing cells from accumulating damage, or encouraging apoptosis/terminal differentiation or preventing proliferation in precancerous cells.

· The endpoints of chemoprevention are tough to evaluate, and would require a huge, long study.  The agents also need to have few side effects and be well tolerated for people to be willing to take them as prophylaxis.  Adherence and finding a good dose is also a major issue.  

· Tamoxifen and raloxifene reduce breast cancer, and finasteride reduces prostate cancer.  Aspirin, calcium, and celecoxib work for colon cancer.  

· Tamoxifen and raloxifene block estrogen binding sites and prevent receptor activation.  It really reduced the incidence of breast cancer in high risk populations, but took a huge, expensive study (and later meta analyses) to figure that out.  It did increase the risk of endometrial cancer and thrombosis.  

· The next step is to lower risks, use in combination with other things, and find a treatment for estrogen-receptor negative breast cancers. 

· For colorectal cancer, NSAIDs, folates, calcium and estrogen have all been shown to reduce its occurrence.  
· An RCT showed aspirin to be insignificant, though a cross-sectional study had made it appear potentially powerful.  Celecoxib blocks proliferative and angiogenic factors, and has a huge effect at high doses.  COX2 is elevated in many cancers, so this COX2 inhibitor seems good, but there are some big vascular side effects (and they’re expensive).  

· The drug sulindac greatly reduced the occurrence of polyps in patients with familial adenomatous polyposis.  
· Metabolism plays a role in carcinogenesis too.  Phase I enzymes create reactive metabolites, and phase II reactions may detoxify them, so the balance between them influences carcinogenesis.  

· Diet also plays a huge role in cancer mortality.  Fruits and vegetables lower cancer risk, particularly creciferous vegetables like broccoli.  It has a precursor of sulforphane, a potent phase II enzyme inducer, inducer of cell cycle arrest and apoptosis, and antioxidant with a long half life.  
· The sulforphane precursor is more abundant in fresh broccoli, though it’s highly variable.  More is present in younger plants, so sprouts are a good source.  They gave it as a tea to people in a part of China with a huge incidence of liver cancer, and hope to see how effective it is.  

Antineoplastic Alkylating Agents and Platinum Compounds 9/8:

· Bifunctional alkylating agents have two arms, both of which can react with DNA and form an inter-strand cross-link.  That is their mechanism of action.  It causes them to interfere with and halt replication, which can activate a DNA damage checkpoint and prevent replication.

· Monofunctional alkylating agents may be mutagens, but do not kill cells as effectively.  A toxicity issue arises when only one arm of bifunctional alkylating agents reacts with DNA.  In these cases the bifunctional agent can act as a monofunctional one, and basically induce mutations and potentially lead to secondary cancers.

· Cyclophosphamide (a nitrogen mustard bialkylating agent) must be activated by liver metabolism.  It is widely used for chemo, but also for multiple sclerosis and other stuff. 

· Cylcophosphamide may be metabolized to acrolein, which is efficiently filtered into the urine.  It is pretty reactive and can burn the bladder producing hematuria when it accumulates in there. 

· Bone marrow cells are resistant to a lot of the effects of cyclophosphamide because they have the enzyme aldehyde dehydrogenase that detoxifies it.  This makes the drug quite safe, because you can wipe out a lot of the immune system but still keep the stem cells that can reconstitute it.  

· Cisplatin is a platinum compound widely used in the treatment of human cancers.  It is highly nephrotoxic.  Other important drug/toxicity combinations to know are:  doxorubicin (cardiac toxicity), microtubule targeting drugs like paclitaxel/pocetaxel (neurotoxicity) 

· One common side effect of chemo is on gonadal function.  The effects vary with age/gender/drug/dose, but are a well-documented occurrence.  

· Another late side effect of many chemotherapeutic drugs is secondary leukemia.  As described above, the chemical assault on DNA can cause damage and cancer.  With some alkylating agents, risk of AML may be as high as 10%.  

Topoisomerase and Mitotic Spindle Drugs 9/9:

· Topoisomerases use tyrosine as a nucleophile to catalyze reversible reactions with the DNA backbone to regulate supercoiling.  They form covalent linkages that preserve the energy of the bond.  

· Topo I:  Monomeric enzymes cleave only one DNA strand without using ATP.  Mechanism involves cutting one strand and uncoiling it around the other.  

· Topo II:  Dyadic enzymes with two active sites that cleave both strands and require ATP.  This leads to staggered double stranded breaks through which the DNA double helix passes, relieving two supercoils.  

· The covalent linkage of topoisomerases keeps the ends of the DNA together to minimize breaks and recombination.  

· Topo I targeted drugs:  Camptothecin, topotecan, irinotecan (CPT-11).  They directly intercalate into the DNA and prevent the ligation of the DNA backbone so that nicks persist.  When DNA tries to replicate or RNA is synthesized, the machinery arrests here and induces apoptosis.  

· Some drugs may bind the minor groove of DNA and change its shape, altering the activity to topoisomerase I poisons.  

· Actinomycin D:  Intercalates and binds the minor groove to induce DNA bending.  Its target is not known, but may be RNA polymerase.  

· Topo II targetd drugs:  
· Epipodophylotoxins:  Etoposide, teniposide.  These don’t intercalate, but bind DNA distant from the nick site of topoisomerase and change the DNA’s structure.  This prevents the strands from ligating.  

· Anthracyclines:  Doxorubicin, daunorubicin.  Stabilize the complex of topoII and the DNA.  They have carbonyls or OHs opposite each other that generate free radicals and result in significant cardiotoxicity.  

· Mitotic spindle poisons:  The spindle is made of microtubules, which are composed of alpha/beta heterodimers of tubulin.  They are GTPases, and hydrolysis leads to dynamic instability.  The drugs disrupt these dynamics.  The abundance of tubulin in neurons is likely the cause for the neurotoxicity of these drugs.  

· Vinca alkaloids:  vinblastine, vincristine, vinorelbine.  These bind the free tubulin dimers and distort filament structure and polymerization.  Hepato/neruotoxic.

· Taxanes:  paclitaxel, docetaxel.  These bind the filament and may stabilize lateral contacts by making the GTP bound form more stable.  These are notorious for their peripheral neuropathy/neurotoxicity.

· Anti-neoplastic drug resistance may arise from efflux pumps, like multidrug resistance (MDR) pumps – ABC superfamily transporters – or Breast Cancer resistance protein or Lung cancer resistance protein.

· Another mechanism of drug resistance is “atypical” drug resistance.  This results from mutation, alterations of gene expression, proteolysis of a target, or activation of a prodrug.  
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