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Pharmacology
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Definitions

Pharmacology—1—the study of the interactions b/t chemicals and biological systems


2—the study of drugs and their interactions with living systems (more specific to us)

Drug—1—any chemical that can effect living processes (O2, H2O)


2—clinical and legal definition—anything that is intended to treat, prevent, or diagnose a disease


Drug Nomenclature—


-chemical—description of a drug using chemical nomenclature, usually describes the structure of the drug


-generic—know these for this class—simpler than chemical names—assigned by a counsel.  Each drug has a generic name (preferably used for prescriptions)


-brand—manufacturer makes this up—it is marketed under this name—FDA must approve the brand name (prevent confusion b/t drugs)

Pharmacodynamics—the drug’s effect on the body (increase bp, etc)

Pharmacokinetics—the body’s effect on the drug.  Parameters are abs, distribution, metabolism, and excretion.  (met and exc = elimination)

Toxicology—the study of adverse effects of drugs and the study of poisons

Pharmacotherapeutics—1—use of drugs to diagnose, prevent, or treat disease


2—the medicinal use of drugs

Pharmacy—the health care profession that is concerned with drugs and all forms of drug therapy

Federal Drug Law

Pure Food and Drug Act of 1906—1st attempt at drug regulation.  Stemmed from public concerns.  Label must be truthful in regard to contents and potency—did not require a label—they just left the label off—didn’t protect against false efficacy(little help

Food, Drug and Cosmetic Act of 1938—Drugs must be proven safe b/f they are marketed—in rxn to elixer to sulfanilamide tragedy (antimicrobial)—they dissolved it in antifreeze b/c it was not water sol.(107 deaths—they took it off the shelf b/c the label said it had etoh in it and it did not.

Durham-Humphrey Amendment of 1951—(prescription drug amendment)—designated prescription vs otc drugs—otc drugs must have labels that provide adequate instructions for use—prescription drugs do not come with label of instructions(pharmacist puts it on.  There is a package insert in every bottle of prescription drug—this is also in PDR

Keefauver-Harris Amendment of 1962—(drug efficacy amendment)—must be proven safe and effective.  Promted by the thalidomide tragedy

DH and KH are amendments of FDCA of 1938)

End result of legislation—drugs must be proven safe and effective for there intended use b/f they are marketed.

Controlled Substances Act of 1970—addresses drugs of abuse.  Established a closed system of these drugs whereby only certain people can prescribe them for certain periods of time and amounts.  Classed by schedule—


I—not legally prescribed in the US (LSD, heroin, marijuana)


II—most potential for abuse but can have clinical use (codeine, morphine)—no PA’s


III, IV, V—decreasing abuse potential—PA’s but limitations

PA’s—


III—72h supply


IV and V—90 dosage units or 30d supply

Orphan Drug Act of 1983—in response to lengthy FDA approval process(10 years and $200 million)—certain drugs used so infrequently that manufacturers don’t want to spend the time and money on FDA approval—this act provides tax incentives and patent extensions to companies for drugs that treat rare diseases—orphan drugs are drugs that are used to treat rare diseases

The FDA Approval Process—

Pre-Clinical Testing—animals / in vitro models to determine any use

INDA—investigational new drug application—all info known about the drug up to that point—also must show hao they will test the drug on humans (monitoring, informed consent, etc)

Phase I—less than 100 healthy volnteers—determine pahrmacokinetics of the drug.  Also try to develop a reasonable dose range—pts monitored for any adverse effects

Phase II—actual pts are treated with the drug—several hundred—looking for efficacy and adverse effects

Phase III—extension of II—several thousand nationwide patients—lasts several years

NDA—new drug application—if all goes well—contains all data of I, III, III

FDA Approval—FDA advisory committee made up of experts reads these things—FDA usually goes with their decision

Phase IV—post marketing surveillance—collect data of adverse effects while on market—FDA may still remove—

*note generic brands arise after patent expires—cheaper to pt

Waxman-Hatch Amendment—gives brand name manufacturers a patent and allows generic drug manufacturers only file abbreviate NDA—don’t have to do the studies, etc—they just do the pharmacokinetics

Routes of Administration—

Oral administration—most common—convenient, non-invasive


“first pass effect”—drawback—hepatic portal—some is metabolized and broken down prior to reaching general systemic circulation(increase dosages on oral administration

Sublingual Administration—bypass first pass effect (nitro)

Rectal Administration—bypass liver to some extent—inferior and middle rectal veins go directly to systemic circ.  Superior rectal vein goes portal.  Usually dosage is equal to oral dosage.

Intravenous—quickest way to get drug to circ—also most dangerous

Intramuscular—slower abs compared to IV

Subcutaneous—slow compared to IM

Epidural / Intrathecal—administer anesthetics / analgesics directly to CNS

Inhalation—tx resp diseases—drug directly to site of action—little systemic effect

Transdermal—bypass first pass effect—also convenient to pt—do it once a week

Determinants of Drug Abs, Distribution, and Elimination

1.  Lipid vs. water solubility—most important determinant


Determined by:



1.  electrical charge—drugs either have or have potential to have



2.  acid vs base—all drugs are weak organic acid or base



3.  ph of environment—determines whether it will carry an electrical charge

O- base environment

OH—acid environment

Sporonox—nail fungus—weak base—does not dissolve well in basic environment—if pt taking antacid med—harder to absorb—drink it with coke to increase acid and therefore abs


Take home point(drug must dissolve before it can be absorbed

Also—some drugs are so H2O soluble that they can’t pass thru the phospholipid bilayer (heparin)

2.  Surface Area—


small intestine—most drugs abs here because of large s.a.

3.  Capillary permeability—lipid / water soluble molecular weight <60,000(pass thru hole in cap membrane.  Lipid soluble pass directly thru cap membrane


Blood-brain barrier—tight junctions between caps—no holes—keeps toxins out of brain.  Lipid sol can go thru, h2o sol cant.  Transport system—bring some H2O sol into brain

4.  Blood Flow—if decrease blood flow (GI)(decrease abs


also kidney—harder to eliminate the drug.  Propanolol—effect liver; ACE inhibitors—reduce renal blood flow; dehydration also decreases renal blood flow

5.  Concentration Gradient—effects drug distribution.  The drug moves from an area of higher concentration to an area of lower concentration.  Eg—aspirin

6.  Plasma protein binding—some drugs bind albumin and travel thru the bloodstream.  They cant leave vascular space while attached.  Free drug molecules leave the vascular space and create a concentration gradient—this drives the albumin-bound molecules off and out of the vascular space. **important in drug interactions (2 drugs bound to albumin)—differences in affinity—there is no pharmacologic effect while on albumin.  If the second drug bumps the 1st drug off of the albumin binding site(increase the effect of that drug.  Liver and kidney disease effects albumin levels.  If there is no albumin binding phase you increase the drug’s effect.
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Active transport vs. Fick’s Law


--Active transport—(in renal tubules)--move low to high—use ATP—some drugs inhibit this


--Fick’s Law—high to low—passive


 eg.  Provincid—inhibits active transport pump in the renal tubule


        penicillin—gets in urine by active transport (losing medicine)


--by giving both medications the patient requires less penicillin, b/c he/she not losing as much in the urine

Elimination:  metabolism or excretion


--elimination—drug no longer in the body



--metabolism—liver can cause elimination by changing it chemically



--excretion—the drug exits the body thru urine or biliary tract(feces

Drug Metabolism—most occurs in the liver


--purpose of drug metabolism is to change the drug into a more H2O soluble molecule that can be excreted in the urine or bile.  If it is already H2O soluble(won’t undergo metabolism.  If it is lipid soluble—it will undergo metabolism to become H2O soluble

Consequences of drug metabolism—


--makes drug more H2O soluble


--metabolism can also make the drug less active (usually), or more active, or more toxic.



--eg.—demoral—liver changes it to normaparadine(more toxic to CNS



--eg.—codeine—by itself it is not a good analgesic(liver metabolizes it to morphine which gives the effect. (example of inactive drug to active drug thru metabolism)

Phase I and Phase II metabolism—


--Phase I—make drug more H2O soluble by adding OH (hydroxyl group) or removing a C group. (OH always makes chemical more H2O soluble)


--Phase II—liver takes a molecule of glutathione or glucuronic acid and sticks it on the molecule to make it more H2O soluble.


--all drugs do not go thru both phases (some I; some II; some both)


--glutathione is important in acetaminophen overdose(Phase I makes it more toxic, phase II detoxifies it.  Too much tylenol(toxic phase I can’t be detoxified b/c glutathione is depleted.

Phase I:  oxidation, cytochrome P450 enzymes (1A2, 3A4, 2C9, 2E1, 2D6, 2C19)


--some of these enzymes have unique characteristics


--3A4 is found in thte liver and GI tract


--P4502D6 converts codeine(morphine (and many psychotropics and analgesics).  10% of the population do not have this enzyme therefore codeine does not have an analgesic effect


--P4501A2—this is inducible—therefore another chemical can cause the liver to make more of it—inducible by cig smoke and charbroiled foods

Phase II:  glucuronidation, glutathione conjugation 

Liver Dysfunction—alcoholic liver disease, etc. 

--Phase II reactions are usually in tact.  

--Phase I activity may be compromised.  

--There is no quantitative liver function test.

Excretion—


--renal—urine


--biliary—feces


--the only things that go thru here are H2O soluble drugs or drugs that were changes to H2O soluble chemicals via metabolism

Therapeutic Window / Therapeutic Index


--therapeutic range—plasma concentration b/t toxic and minimal effectiveness—goal(keep them somewhere in b/t


--Peaks and troughs—

Volume of Distribution (Vd)—relates the amount of drug in the body to the concentration of drug in blood or plasma.  
Vd = amount of drug in the body




     Conc. of drug in blood or plasma

--useful in calculating dosages.  

--expressed in L/Kg

--the volume into which the drug appears to distribute; not physiologic

--protein binding = small volume of distribution


--high protein binding (90%) = small Vd


--if Vd <0.1 L/kg—it must be highly protein bound

--lipid soluble or highly tissue bound = large volume of distribution

--loading dose—giving pt certain amount of drug to get a certain concentration (to get the level into therapeutic range)

--dialysis of drugs—2 situations—OD and renal failure


-renal failure pt on hemodialysis (the dialysis may remove the drug(need to give more). If there is a large Vd then the drug is probably not dialyzed because it is not in the vascular space (the drug is in tissue).  Another example is if a drug is highly bound to albumin (small Vd)(dialysis wont remove it)—therefore the drugs with intermediate Vd will be most readily dialized
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Volume of Distribution

Problem:  A patient is in atrial fibrillation and is to be administered a loading dose of digoxin such that the patient’s digoxin level is 2 mcg/L.  The patient is a 50 kg female.  The volume of distribution of digoxin is 7L/kg (high Vd because the drug is extensively bound in heart and skeletal muscle).  How much digoxin must be given?

7 L/kg x 50 kg = 350L

The patient’s Vd is 350L.

How much drug must be put into 350 L of fluid to attain a plasma concentration of 2 mcg/L?

Answer:  700mcg

In real life—700mcg/50kg = 14 mcg/kg

*loading dose of drugs in terms of mcg come from what we know about Vd.

Lidocaine—tx pulseless vtach and vfib


--therapeutic range—1-4mg/L (plasma concentration)

Vd=1 L/kg

Pt.=70 kg

1L/kg x 70kg = 70L

Terminology Associated With Drug Levels

Bioavailability—the % of drug given to a patient that reaches the systemic circulation


--IV = 100%


--oral = <100% (poor absorption and first pass effect—morphine)—that is why the oral dose is higher

Cmax—maximum concentration 


--helps monitor drug levels


--also referred to as peak

Tmax—time at which Cmax occurs

Area Under the Curve (AUC)


--area under the plasma concentration

Implications for Generic Drugs (marketed under an ANDA)—abbreviated


--must show that the AUC of their drug is +20% within the brand name drug


--also need similar Cmax and Tmaxof brand drug

Peaks and Troughs—

Steady State vs. Therapeutic Concentration


--steady state—rate at which you are dosing the drug = the rate of plasma concentration drawn at any given time after dose


--clinical implication—if the drug has a narrow therapeutic range, cant measure it b/f you get to steady state or the info will be inaccurate.  We might mistakenly increase the dosage and OD the pt.  Don’t interpret a drug level until it is at steady state (4th dose).  

--Can be at steady state and not in therapeutic range.


--purpose of loading dose—get pt into therapeutic range quickly—whenever a change is made—wait 4 doses for new SS to check level.

When to Draw a Level:


**drugs that we measure plasma concentrations:


--drugs with a narrow therapeutic range


--plasma concentrations that correlate with efficacy and toxicity (vancomycin—trough should never be <5 (get this after 4th dose)

1.  at steady state


--if not in SS—get incorrect info

AND

2.  post distribution phase—most important with digoxin


Digoxin





Heart


Blood


GI tract





Bone



Fat

--most of the drug initially into blood

--takes 6-8h for dig to distribute out of the bloodstream and into heart

--therapeutic plasma concentration are figured in post distributive phase

--point—after pt took daily dose, need to wait 6-8h b/f draw blood concentration (want it to be 1-2mg/mL

--*if draw too soon it will be too high

Half-Life—


--time it takes for 50% of the drug to be eliminated


--important—most drugs given at correct maintenance doses will no longer be effective once 50% of the drug has been eliminated, therefore, most drugs are dosed once per half-life.  Eg—24h half life = 1 dose per day


1.  Predicting when the drug will be eliminated from the body—



--usually b/t 4-5 half-lives



--1 half-life—50% left in body
50% eliminated



--2 half-lives—25% left

75%



--3 half-lives—12.5%


87%



--4 half lives—6.25%


93.75%

*renal failure—longer half-life


2.  Predicting when drug will reach SS



--4 doses = 4 half-lives will get drug to SS (assuming the drug is dosed every half-life)



--also 4 half-lives to be eliminated
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Creatinine Clearance—


--use—predicting doses of RENALLY eliminated drugs


--if decreased renal function(give less drug (as a result of a decreased creatinine clearance capacity)

--creatinine is a breakdown product of muscle


--the level will depend on several factors



-age—as age goes up, generally there is less muscle mass and therefore less creatinine



-weight—as weight increases creatinine also increases


--nl creatinine clearance is 100-120mL/min—may have to adjust dosage based on the drug and method of elimination (ie, kidney alone, liver and kidney, etc)

(140-age) x wt(kg)
*multiply by 0.85 for females

72 x SCr (mg/dL)

--if pt is >20% IBW, need to use their IBW in the equation

--IBW—man—50kg + 2.3 for every inch over 5’

--IBW—woman—45.5kg + 2.3 for every inch over 5’

*can also do a 24h  creatinine clearance

Pharmacodynamics

Potency vs. Efficacy


--potency—the amount of drug it takes to produce a given effect



-zantac—75mg



-pepcid—10mg



-pepcid produces the same effect at 10mg that zantac produces at 75mg—pepcid is more potent b/c it takes less drug to produce the same effect


--efficacy—whether or not a drug can produce a certain effect



-aspirin vs. morphine—morphine is a much more effective pain reliever.  Don’t get the same degree of effect from these two drugs

Mechanisms by which drugs can act—

1.  binding to receptors—(proteins)—once a drug binds its specific receptor, it changes the chemical make-up of the receptor(therefore it changes the cell as a direct result of the drug-receptor binding(get effect from the drug.  Specific receptor shape and charge (opposite of drug) also plays a role in binding.  *drugs can compete for the same receptor.


--agonists—drug that binds to a receptor and causes something to happen. Receptor on parietal cell(drug(secrete HcL


--antagonists—drug that binds to a receptor and nothing happens.  It blocks a receptor.  Narcan—morphine receptor blocker for morphine OD


--partial agonists—drugs that bind to a receptor and no matter how much you give you will never get a maximum effect from the drug

2.  inhibiting an enzyme—ACE inhibitor (angiotensin converting enzyme)


--NSAIDS block cyclooxegenase(inhibit infl by inhibiting prostaglandins and thromboxane 

3.  physically changing pH—antacids(increase pH of GI and decrease sx of heartburn

4.  binding to something (in the GI tract) to prevent absorption—cholestyramine binds to cholesterol and bile salts in GI tract(get excreted(decrease cholesterol

Drug Interactions

Types:

1.  Pharmacokinetic


a.  absorption—2 drugs given simultaneously—1 drug increases or decreases the abs of the other drug.  Malox decreases the absorption of tetracycline antibiotics by giving up Mg+

b.  distribution—2 drugs with different affinity for albumin—1 knocks the other off and increases the effect by increasing the distribution of the drug that got knocked off.  Aspirin is a drug that is highly bound to serum albumin


c.  metabolism—metabolizing enzymes in the liver (P450) can be inhibited or induced.  

--inhibition—1 drug can bind to the enzyme and prevent it from working(another drug that was supposed to get metabolized by the inhibited enzyme will have increased adverse effects (instead of getting metabolized)



--induction—1 drug increases the number of / activity (efficacy) of drug enzymes in the liver(more enzymes / more active enzymes, therefore, get a decreased drug effect from the drug that is metabolized by that enzyme (certain drugs will metabolize more quickly)


d.  excretion (of H2O soluble drugs) by kidney—some drugs go from blood to urine by the active transport pump in the renal tubules.  Provincid and penicillin(provincid increases the effective dose of penicillin by inhibiting this active transport pump.  Here the excretion is blocked to get an increase in the drug’s effect / toxicity

2.  Pharmacodynamic—drugs effect on body—good or bad


a.  additive—2 drugs that have the same effect(increase the effect (1+1=2)


b.  synergistic—add a drug to the first drug and the effect of the 2 drugs is greater than the additive effect (1+1=3)


c.  antagonistic—1 drug has opposite effect of another(will cause opposite effect of the drug (asthma and BP—give drug to decrease the BP from the asthma med)(1+1=0)
Drug information

PDR—compellation of FDA approved package inserts.  If prescribing a drug for non-labeled use, PDR will be of no use(need other books

Drug Interactions Analysis Management, Evaluations of Drug Interactions (EDI), and Drug Interaction Facts (Mediphor)—good for dealing with interactions.  It rates interactions on a scale of 1-5 based on severity.  Also tells what to do to prevent / decrease the effects of specific drug interactions

Facts and Comparisons—label as well as non-labeled (FDA approved and non-approved drugs)—updated monthly

United States Pharmacopeial Convention Drug Information (USP DI) Vol.I and Vol.II—


Vol.I—similar to facts and comparisons but not updated monthly


Vol.II—pt info they can understand about their meds—kinetics, dynamics, interactions, adverse effects.  Doesn’t tell you what to do for interactions

Pediatric Dosage Handbook and Harriet Lane Handbook—


PDH—referenced—supported by med literature


HLH—not referenced—expert opinions from Johns Hopkins—promoted more

Medical Letter—every two weeks—overview on new info—drugs and tx’s

Applied Therapeutics, Pharmacotherapy, and Textbook of Therapeutics—disease state point of view, not from the drug point of view 

The Washington Manual—a lot of info on what to do in certain situations—good at bedside
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Antibiotics

--review names of gram +; gram -; anaerobic and aerobic bacteria

Gram + Cell Wall





Gram – Cell Wall

--Transpeptidase enzyme—synonym for penicillin binding protein (PBP)

--PBP is necessary for the cross linkage of peptidoglycan strands.  If PBP doesn’t do its job, the cell wall will not be cross-linked, therefore it will be very weak (let stuff in and out)(the bacteria will die.

--we give drugs that bind to and inhibit PBP—penicillins, cephalosporins

--we can also change an R group (B-lactame ring) side chain of penicillin to make a different drug (only the side chain differs b/t penicillins and cephalosporins)

--B-lactamase—bacteria use it to break the side chains of these drugs which renders the drug ineffective

--we can inhibit B-lactamase with B-lactamase inhibitors—this is our counter attack


--with this we can keep the B-lactame ring and keep the drug active

--B-lactamase inhibitors are dummy molecules that resemble the real B-lactame ring (however these do not have any therapeutic efficacy by themselves)—bacteria will break it down instead of the real side chain

--B-lactamase inhibitors (suicide inhibitors)—called this b/c they permanently bind the enzyme and remain inactive


--clavulanic acid


--tazobactam


--sulfbactam

--with these, the antibiotic can get past the bacterial wall and inhibit PBP
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B-lactam drugs—


--penicillins


--cephalosporins


--carbapenems


--monobactam

Common bacterial pathogens—


1--Staphylococcus aureus (gram +) and S. epidermidis (normal skin flora:  wound infxs, catheter (IV-access)-related infxs)


2--Gram negative aerobic enteric pathogens (E. coli, proteus, klebsiella, citrobacter, enterobacter, serratia, pseudomonas):  UTI’s, serious nosocomial (infx while in the hospital), abdominal wound infxs, diabetic skin infxs



-E. coli is the predominant for UTI’s


3--Enterococcus (gram positive enteric): UTI’s (outpatient), serious nosocomial infxs, abdominal wound infxs


4--Bacteroides:  enteric anaerobe, abdominal wound infxs


5--Streptococcus pyogenes is a common cause of: “strep” throat (pharyngitis)


UPPER AND LOWER RESPIRATORY PATHOGENS

6--Streptococcus pneumoniae: #1 bacterial cause of: otitis media, pneumonia, exacerbation of chronic bronchitis (COPD) and many upper respiratory infxs


7--Haemophilus influenza: as above (#2 bacterial cause)


8--Moraxella catarrhalis (M. cat): as above (#3 bacterial cause)

A.  Penicillins—


4 subtypes



1.  “natural” penicillins



2.  anti-staphylococcal penicillins



3.  aminopenicillins (extended spectrum penicillins)



4.  anti-pseudomonal penicillins



--there is also penicillin/beta-lactamase inhibitor combinations to protect against B-lactamase from bacteria

1.  Natural Penicillins—


A.  Penicillin VK (oral)—makes it thru the stomach but need 2-4x/day


B.  Penicillin G (IV, IM)—only parenteral b/c poor bioavailability (Hcl in stomach will break down the B-lactam ring)


C.  Benzathine penicillin G (IM)—1 dose lasts one week—tx of syphillus


D.  Procaine penicillin G (IM)—1 dose lasts 25h


--Spectrum—gram positive aerobes and anaerobes, spirochetes



* natural PCN can only treat these three b/c of resistance

--Streptococcus pyogenes (“strep” throat): DOC



--Treponema pellidum (syphillus)



--Clostridium perfingins (gas gangrene)—hard to kill b/c it can survive in anaerobic environment as well as a somewhat aerobic environment(need hyperbaric O2 chamber(O2 will kill perfingins

2.  Anti-staphylococcal penicillins—


--staph has been resistant to PCN for many years so we need these—


A.  dicloxacillin (oral)


B.  nafcillin (IV, IM)


C.  oxacillin (IV, IM)


D.  methicillin—used to be a treatment for staph—methacillin resistant staph aureus (MSRA)—now a term used for a staph that is resistant to any anti-staph PCN’s


--staphylococcus aureus:  skin infections, infections around catheters (IV access cath sites)


--these induce the metabolism of warfarin (Coumadin)(decrease effect


--nafcillin—interstitial nephritis—an allergic rxn that inflames the kidney


--oxacillin—causes toxic hepatitis


--methicillin—no longer available—MSRA

3.  Aminopenicillins (extended-spectrum penicillins)—


A.  ampicillin (oral, IV, IM)


B.  amoxicillin (oral)


--oral ampicillin—poor bioavailability—not used much—must be dosed 4x/d and alters gut flora


--spectrum—gram positive aerobes and some gram negative enterics



-streptococcus pneumoniae—respiratory infxs



-enterococcus—UTI’s (not common cause), abdominal wound infxs, nosocomial infxs



-gram negative enterics—E. coli (#1 cause of UTI), Proteus mirabilis, Klebsiella pneumoniae (UTI)



-oral ampicillin—tx of bacterial diarrhea(campilobacter, etc


--respiratory infxs, otits media—DOC, pneumonia, acute exacerbation of chronic bronchitis



--claim to fame—these cover some gram positive and some gram negative




--K lebsiella




--E coli




--E nterococcus




--P roteus




--S trep pneumo

4.  Antipseudomonal Penicillins—


A.  ticarcillin (IV, IM)


B.  piperacillin (IV, IM)


--Pseudomonas aeruginosa: UTI, nosocomial ifxs, DM foot infxs

5.  Penicillin/Beta-Lactamase Inhibitor Combinations—


--extended spectrum of coverage of b-lactamase producing organisms


A.  amoxicillin/clavulanic acid (Augmentin)—oral



--effective for—

-S. aureus (skin infx, bite wounds)   




-H. flu M. cat (famous for b-lactamase production—need augmentin)—(respiratory infxs)




-some anaerobes (sinusitis, dental abscess)




-Pasturella multocida (cat bites)(quick infl—24h and Elkenella corrodens (dog bites)




-Klebsiella sp (UTI, pneumonia in elderly with co-morbidity—COPD, DM, etc)



--Take with food—clavulanic acid—GI upset and diarrhea


B.  ampicillin/sulfbactam (Unasyn)—IV, IM 


C.  piperacillin/tazobactam (Zosyn)—IV, IM


D.  ticarcillin/clavulanic acid (Timentin)—IV, IM



--spectrum—




-S. aureus, bacteroides, beta-lactamase producing strands of E. coli, klebsiella sp, and proteus sp—these would otherwise be resistant if not for the dummy molecule




-abdominal wound infxs, DM foot infxs




*see anaerobes and pseudomonas in DM foot infxs




**pseudomonas not inactivated by b-lactamase inhibitors(giving PCN/b-lactamase inhibitors doesn’t kill it

B.  Cephalosporins—

--another type of b-lactam antibiotic

--there are 1st, 2nd, 3rd, and 4th generation cephalosporins


-1(4 generally improve gram negative activity and decrease gram positive activity—marketing tool used by manufacturer—FDA does not designate it as 1-4

--loosely categorize according to spectrum


1.  First Generation Cephalosprorins—



--similar to amoxicillin and ampicillin—the difference is that 1st generation cephalosporins do not cover strept. pneumo very well. They do cover pyogenes well.  

--spectrum—

--S. aureus—skin infxs



--Streptococcus pyogenes—strep throat



--E. coli



--Proteus mirabilis—UTI



--Klebsiella pneumonia—UTI



A.  cephalexin (Keftabs, Keflex)—oral—skin infxs, strep throat, UTI (E. coli, proteus, klebsiella)



B.  cefalozin (Ancef)—IV, IM—skin inxfs, UTI, pre-op (orthopedic-implant, cardiovascular-CABG)—they decrease bacterial flora on skin therefore decrease the incidence of infx


2.  Second Generation Cephalosporins—a lot like Augmentin  (amox /clavulanic acid)



A.  cefuroxime (Ceftin—oral (take with food), IV, IM) (Zinacef—IV, IM)



--spectrum—



--S. aureus



--Streptococcus pyogenes



--H. flu



--M. cat



--E. coli



--Proteus mirabilis



--Klebsiella pneumonia



--respiratory infxs, UTI, skin infxs



--more stable against M. cat and H. flu than 1st generations



--different from Augmentin in that it’s not good against strep. pneumo or anaerobes



B.  cefoxitin (Mefoxin)—IV, IM



C.  cefotetan (Cefotan)—IV, IM




--good gram negative enteric and anaerobic coverage




--abdominal wound infxs




--1st generation would not cover this




--different from cefuroxime in that these have good anaerobic coverage but not good gram positive coverage


3.  Third Generation Cephalosporins—PARENTERAL ONLY



--spectrum is very different



A.  ceftriaxone (Rocephin)—IV, IM (emergicillin—used in ER a lot)




--long half life and good at crossing the blood-brain barrier




--spectrum—




--Neisseria gonorrhea




--Strept. pneumo




--H. flu




--M. cat




--many gram negative enteric pathogens (E. coli, proteus, klebsiella, enterobacter, citrobacter, serratia, NOT pseudomonas)




--gonorrhea, serious respiratory infxs, otits media (S. pneumo, M. cat, etc), FUO, meningitis, UTI




--tx gonorrhea in a single dose




--DOES NOT cover—anaerobes or pseudomonas



B.  cefotaxime (Claforan)—IV, IM




--same spectrum as ceftriaxone, but different pharmacokinetics—results in different therapeutic uses




--not used for gonorrhea or OM b/c of short half-life—therefore 1 dose wont do it—gone in a few hours



C.  ceftazidime (Ceftaz, Fortaz)—IV




--extended coverage against pseudomonas




--poor gram posisitve (staph, strep) coverage




--this is the only one with good gram negative coverage and pseudomonal coverage—no anaerobic coverage



D.  Oral Third Generations




1.  cefixime (Suprax)—H. flu, M. cat (respiratory infxs), E. coli and Proteus (UTI), Klebsiella, gonorrhea—oral—1 dose





--poor gram positive coverage





--lacks ceftriaxone’s extended coverage against gram negative enterics—no serodia, enterobacter, etc




2.  cefpodoxime (Vantin)—same as cefixime, plus some coverage against S. pneumo and S. aureus (minor skin infxs)





--not much activity on gram negatives compared to parenteral 3rd generations





--poor S. pneumo coverage(never DOC for OM, bronchitis.


4.  Fourth Generation Cephalosporins—



A.  cefepime (Maxipime)—IV—gorillacillin




--broad spectrum—very good gram positive and gram negative coverage, including pseudomonas




--very stable against b-lactamases




--reserved for serious resistant nosocomial infxs

C.  Carbapenems—similar to 4th generation cefepime—



--another type of b-lactam antibiotic



--very good gram negative coverage, including pseudomonas; reasonable gram positive coverage; reasonable anaerobic coverage



--serious nosocomial resistant infxs



A.  meropenem (Merrem)



B.  imipenem / cilastatin (Primaxin)




--cilastatin





--not a b-lactamase inhibitor





--inhibits an enzyme in the renal tubule that inactivates imipenem

D.  Monobactams—



--another type of beta lactam



A.  aztreonam (Azactam)—narrow bacterial coverage




--gram negative coverage only, including pseudomonas




--reserved for serious resistant nosocomial infxs

E.  Beta-lactam allergy—


--pts allergic to PCN may be at increased risk for cephalosporin allergy; incidence probably <1%


--pts allergic to PCN have a 50% chance of being allergic to imipenem/cilastatin (Primaxin)


--pts allergic to PCN can safely take aztreonam (Azactam)


--Clinically, if a pt has had a rash to a PCN, it is safe to use a cephalosporin; use alternative in pts with history of hives or anaphylaxis (tongue, mouth swelling, SOB, etc)

F.  Other adverse rxns to beta-lactams—


--diarrhea (especially ampicillin/clavulanic acid—Augmentin)—due to alteration if GI flora


--clostridium difficile colitis (pseudomembranous colitis)—overgrowth of nl gut flora(pain, dehydration, very dangerous—rare


--serum sickness (type of allergic rxn)—especially cefaclor (Ceclor)—oral 2nd generation similar to cefuroxime (Ceftin); arthralgia, rash, proteinurea, fever, flu-like sx

G.  Drug Interactions


--anti-staphylococcal PCN’s can induce Warfarin metabolism


--decreased efficacy of oral contraceptives (almost any antibiotic)—rare


--increased Warfarin effect—almost any antibiotic—rare

H.  Vancomycin (Vancocin):  a glycopeptide antibiotic


--not a beta-lactam—completely different structure


--IV, oral—not absorbed—too H2O soluble


--uses—MRSA, staph. epidermis, clostridium difficile (oral only), enterococcus resistant to ampicillin, alternative for pts allergic to PCN’s and ceph’s for pre-op, tx of staph and enterococcus


--oral not absorbed—stays in gut and works on difficile


--allergic to b-lactam—CAN have vancomycin


--peaks—30-60m post-infusion, to allow for distribution into tissues


--troughs—30m to immediately prior to next dose


--most important is the EXACT time of drawing the peaks and troughs in relation to dose infusion is documented


--not much research to show efficacy of peaks and troughs


--concern is that vancomycin is nephrotoxic and ototoxic—not a lot of research to support it—probably due to impurities, etc


--RED MAN SYNDROME



--due to histamine release



--flushing, hypotension



--not an allergic rxn—due to rapid infusion



--doses >500 mg infuse over 2h; <500 mg 90 minutes—to prevent this syndrome



--fluid bolus is better



--this rxn is not a contraindication to vancomycin 



--tx RMS with Benadryl/or other antihistamine
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I.  Macrolides—


--all have good coverage against atypical pathogens—mycoplasma pneumoniae (seen in young adults), Legionella pneumophillia, Chlamydia pneumonia (seen in elderly)—atypical means they are neither g+ or g- (B-lactams do not cover these)


--these drugs bind to the bacterial ribosome and inhibit protein synthesis


A.  erythromycin



--some S. pneumo coverage—but resistance is increasing



--acne—topical, oral



--GI upset



--an acidic drug



--give it with a base (enteric coated), stearate, estolate, ethylsuccinate (EES) (salts)



--purpose—enteric coated will be able to pass thru the low pH of the stomach and then enteric coat dissolves in s.i.



--all equally effective when dosed correctly—400mg EES = 250 mg other products—need to give more b/c it weighs more


B.  azithromycin (Z-pak, zithromax)—pharmacokinetic advantage—allows 5 day dosing—1/2 life is 68h(if dosed every 24h(after 5d it has accumulated and will stay in tissue for at least 5 more days


C.  Clarithromycin (Biaxin)—need for 10d



--azithromycin and clarithromycin—“extended spectrum” macrolides—extended coverage of H. flu and M. cat—therefore better choice than erythromycin for OM and respiratory pathogens



--azithromycin is also used for 1 dose tx of gonorrhea/chlamydia

J.  Fluoroquinolones (Quinolones)—


1.  mechanism of action—



--quinolones inhibit an enzyme called DNA gyrase, an enzyme responsible for DNA supercoiling.  Without supercoiling, DNA replication cannot take place, and the bacteria die


2.  Names



--ciprofloxacin (Cipro)



--norfloxacin (Noroxin)



--ofloxacin (Floxin)



--lomefloxacin (Maxaquin)



--enoxacin (Penetrex)



--sparfloxacin (Zagam)



--levofloxacin (Levaquin)



--trovafloxacin (Trovaxin)



--moxifloxacin (Avelox)


3.  Dosage forms



--all quinolones are available for oral administration



--the following can be administered parenterally




-ciprofloxacin




-levofloxacin




-ofloxacin




-trovofloxacin


4.  Spectrum of bacteria



Quinolones very good at covering enteric gram negative pathogens (E. coli, citrobacter, serratia, pseudomonas, proteus, klebsiella, shigella, salmonella, yersinia enterocolitica, campylobacter jejuni


5.  ciproflaxin and trovafloxacin have the best pseudomonas coverage (important)


6.  sparfloxacin, levoflaxacin, and moxifloxacin have the best s. pneumo coverage.  Ciprofloxacin, ofloflaxin, and trovaflaxin have some s. pneumo coverage also


7.  the respiratory pathogens H. flu and M. cat, as well as the atypical bacteria (legionella and mycoplasma) and mycobacteria (TB) are covered by all quinolones except norfloxacin and enoxacin


8.  Neisseria gonorrhea and chlamydia are also covered


9.  trovafloxacin covers anaerobes very well, and moxifloxacin has some anaerobic coverage


10.  tx with quinolones—



--UTI, STD (gon and chlam), prostate infxs, respiratory tract infxs, abdominal wound infxs, infxs diarrhea, and diabetic ulcers.


11.  Precautions of use of quinolones—



--not recommended for pregnant or children <18 yo—due to theoretical concern for cartilage damage



--they have been used in kids with CF to treat pseudomonas with no apparent problems, and children exposed in utero have had no problems



--QT prolongation—sparfloxacin, moxifloxacin—don’t give to cardiac pts



--dose must be decreased in CrCl <50mL/min


12.  Adverse effects of quinolones—



--CNS—dizziness, insomnia, hallucinations, seizures, confusion



--tendon rupture—discontinue at first sight of tendon pain or infl



--photosensitivity—sparfloxacin and lomafloxacin


13.  drug interactions with quinolones—



--calcium—antacids, milk



--zinc, magnesium—including didanisone and quinapril



--aluminum—antacids, sucralfate



--Fe



--these di and trivalent cations decrease the absorption of quinolones



--quinolones should be taken at least 2h b/f these meds



--quinolones can increase levels of theophylline (ciprofloxacin, enoxacin, norfloxacin to some extent), cyclosporin—immunosuppressant(variable significance), and warfarin(variable significance)

K.  Sulfamethoxazole/trimethoprim (Co-trimaxazole; Bactrim DS)


--these inhibit bacterial manufacture of active form of folic acid


--spectrum—H. flu, S. pneumo, (NO s. pyogenes), E. coli, proteus, burkholderia, stentrophamonas, klebsiella, aeromonas


--Uses—



--UTI—single dose and 3 day regimens cheap and effective (single dose not so effective); also used for prevention



--pneumonia



--sinusitis



--acute exacerbation of COPD



--prophylaxis and tx of PCP pneumonia in AIDS pts


--adverse effects—



--dermatologic



--must adjust dose in renal dysfunction



--sometimes have n/v / headache when combined with etoh

--drug interactions—warfarin (bactrim displaces warfarin from albumin and inhibits liver enzymes to warfarin

L.  Metronidazole:  covers anaerobes, trichomonas, Helicobacter pylori, parasites


--Uses—



--C. difficile (pseudomembranous colitis)—DOC—cheaper than vancomycin



--trichomoniasis

--bacterial vaginosis



--abdominal infxs



--brain abscesses



--diabetic ulcers



--PUD



--intestinal parasites


--adverse effects—



--bad (metallic) taste



--ringing in the ears



--numbness and paresthesia in fingers and toes



--dizziness


--drug interactions with metronidazole—



--etoh, warfarin

M.  Tetracyclines—


--interfere with bacterial ribosome


3 classes used to treat bacterial infxs



--tetracycline



--doxycycline



--minocycline


--demeclocycline


1.  tetracycline and minocycline



--acne


2.  doxycycline



--acne



--respiratory pathogens (s. pneumo, h. flu, m. cat, mycoplasma[atypical])



--chlamydia (14d tx)




-not convenient—2x/d—risk of non-compliance 




-use azithromycin instead—1 dose tx


3.  demeclocycline



--tx of diabetes insipidus



--defect in renal tubule—kidney cant concentrate urine—frequent urination and dilute urine


4.  Adverse effects / drug interactions



--All tetracyclines




-di and trivalent cations





-ca+, Mg+, zn+, Fe+ supplements





-calcium, aluminum, and magnesium containing antacids





-separate by at least 2h

--tetracycline




-no food (especially dair), empty stomach (1h b/f or 2h after meals)




-take minocycline and doxycycline with milk

--tooth discoloration




-pregnancy




-children <8y



--All tetracyclines




-stomach upset, n/v



--minocycline




--dizziness, vertigo—90% of pts—women more prone than men

N.  Linomycins—


--inhibit protein synthesis


--clindamycin



--cause of C. difficile (pseudomembranous colitis)



--excellent anaerobic coverage (particularly mouth anaerobes)



--excellent s. areus coverage—option for PCN allergy



--available oral



--IV for aspiration pneumonia, diabetic ulcers, abdominal wounds



--topical for bacterial vaginosis (metranozidole also) and acne

{clindamycin—anaerobes above belt—mouth}

{metranizodole—anaerobes below belt—gut}

O.  Aminoglycosides—

  
--IV—gentomicin, tobramicin, amikacin


--neomycin—poorly absorbed; topical or intestinal decontamination (pre-op b/f colectomy)


--these mainly cover g- organisms


--parenteral only


--gram negative coverage; some enterococcal and staph coverage—not used alone


--used with antipseudomonal PCNs, ceftazidime, 3rd and 4th generation cephs, and carbopenams for synergy against pseudomonas and other gram negative pathogens


--used with IV ampicillin or vancomycin for synergy against enterococcus, or with vancomycin or anti-staphylococcal PCN for synergy against staph (esp. endocarditis)


--toxicities—ototoxicity, vestibular toxicity(balance, ringing), nephrotoxicity


--serum levels monitored (just like vancomycin)

P.  Other misc. anitbiotics—


--nitrofurantoin—oral only—not high enough serum to tx systemic infxs



--bladder infxs (only simple—no kidney infx)



--bladder causes—E. coli, staph saprophyticus, enterococcus



--peripheral neuropathy, interstitial pneumonitis (allergic rxn in lung(fibrosis—don’t use nitrofurantoin long term), N/V


--mupirocin (Bactroban)



--topical for staph wound infxs



--topical for eradication of MRSA carrier state

Q.  Tuberculosis—


--infection vs. disease


--tine test vs. PPD (PPD recommended)



--15mm—2nd 35 yo



--10mm increase in 2y



--10mm(from country of hi prevalence, IV drug user, low income, nursing home resident, CA, immunosuppressive drugs



--5mm(HIV, recent close contact, X-ray consistent with old healed lesions


--booster effect / prior PPD testing



--TB reactivity may wane over time (esp. in elderly), but may be boosted by PPD testing




-if unrecognized, individual may be diagnosed as a recent converter



--two part test—



--used in persons who will be tested regularly (nursing home, HCP’s)



--if first test is <10mm, retest in 1 week. If then >10mm, NOT a recent converter—it is just a rxn of the immune system to the first PPD



--infection, no disease--+PPD, no other signs/sx—goal is to prevent TB disease




--isoniazid prophylaxis x 6 mo





-sd effects





--hepatotoxicity (age, etoh)





--peripheral neuropathy—B6





--inhibit metabolism of some anticonvulsives



--tx of disease state TB—




--at least—triple therapy (isoniazid + rifampin + pyrazinamide) for 2mo, then double therapy (INH + RIF) for 6mo—if resistance it needs to be longer or different drugs




--usually INH + rifampin +pyrazinamide




--Rifampin—enzyme inducer, colors tears and urine orange




--pyrazinamide—hepatotoxicity, gout(rare)




--ethambutol—optic neuritis
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COMMON FUNGAL INFXS

--Candida albicans—most common in clinical practie; nl skin/oral flora


--vaginal yeast infx, thrush, esophageal candidiasis (immunocompromised), disseminated candidiasis in immunocompromised pts

--Cryptococcus neoformans—cryptococcal meningitis in AIDS pts

--Dermaytophytes:  ringworm—tinea capitus (scalp), tinea pedis, tinea corporis (body), tinea cruris (jock itch)

--Onchomycosis (fungal nail infx)—not a specific fungus

--Malassezia furfur:  tenia versicolor (hypo- or hyperpigmented plaques on the trunk or extremities)

--there are also other more rare fungi

ANTIFUNGALS

--mechanism—inhibition of fungal synthesis of ergosterol, a component of the fungal cytoplasmic membrane

1.  ketoconazole—rarely used due to poor abs (weak base so it needs very acidic environment), sd effects, and drug interaction.  

--USES—precocious puberty and prostate ca (b/c it inhibits testosterone), Candida infx, and tinea


--adverse effects—N/V, ab pain, loss of appetite, decreased test and cortisol synthesis (gynoclemastia/impudence), and hepatic necrosis


--drug interactions—

-drugs that increase the pH of the stomach (b/c ketoconazole is a lipid sol weak base that needs an acidic env for ionization and dissolution



-inhibits warfarin metabolism (increases effect), cyclosporin, sulfonylureas (DM), phenytoin (antiepileptic), and cisapride (GERD)



-Rifampin (enzyme inducer)—decreases ketoconazole levels

2.  fluconazole—

--USES—candidiasis, tx and prevention of cryptococcal meningitis in AIDS


--150 mg x 1 FDA approved for vaginal candidiasis


--also tx of candida thrush and esophagitis, and tinea infxs

--adverse effects


--well tolerated; does NOT inhibit metabolism of other drugs as strongly as ketoconazole, but interactions can occur, but are dose dependent

3.  itraconazole—


--USES—onchyomycosis, candida not susceptible to fluconazole, unusual fungal infxs


--adverse effects—



--N, ab discomfort, liver toxicity


--interactions—similar to ketoconazole but not quite as bad



--same abs problem as with ketoconazole—take with cola if on acid suppressive med for GI problem

4.  terbinafine—


--USES—ONCHOMYCOSIS, also used topically to tx minor skin tenia infxs



--not very active against candida and othre fungi



--therefore uses limited to TINEA and NAIL infxs


--well tolerated, no serious drug interactions


--no abs problem

5.  topical antifungals


--sold without a prescription for tx of vaginal candidiasis, ringworm, athletes foot


--clotrimazole, miconazole, butoconazole, terconazole, ticonazole

6.  amphotericin B—IV ONLY—PO NOT ABS


--reserved for serious fungal infxs


--used as bladder wash (fungal UTI from foley); mouth rinse (fungal stomatitis in immunocompromised)


--adverse—chills, fever, rigors, renal failure

ANTIVIRALS

--drugs for herpes viruses (chickenpox from varicella, shingles from herpes zoster (varicella-zoster), herpes simplex


--acyclovir, famciclovir, valciclovir, penciclovir

--mechanism—mimic nucleotides required for DNA synthesis, thus inhibiting DNA polymerase (necessary for viral replication)

--adverse effects—well tolerated—N/v, headache, vertigo

THESE ARE ALL MORE EFFECTIVE ON THE FIRST OUTBREAK

1.  acyclovir—IV, PO, topical—5x/d


--IV tx serious infx—viral meningitis and varicalla pneumonia (from adult pox)


--PO tx primary, recurrence, and chronic suppression of herpes


--chickenpox and hingles


--topical for herpes—not effective

2.  valacyclovir—2-3x/f


--better abs than acyclovir—less dosing


--prodrug—metabolised to acyclovir


--primary tx, recurrences, and chronic suppression of herpes


--shingles


--more effective than acyclovir for recurrent herpes

3.  famciclovir


--oral prodrug—metabolized to penciclovir


--primary tx, recurrent, and chronic prevention of herpes


--shingles

4.  penciclovir—TOPICAL ONLY (poor PO abs)


--herpes lesions


--more effective than topical acyclovir

ANTIVIRALS USED TO TX HIV


--antiretroviral drugs—


--many available


--Combination therapy is the rule, but must use right combo to be effective.  Usually three doses are used, with at least one being a protease inhibitor.  All are relatively toxic, so pt tolerability is taken into account when choosing a regimen.  Combination therapy, when taken as directed will prevent resistance

A.  nucleoside reverse transcriptase inhibitors



--zidovudine (AZT), didanosine, lamivudine, zalcitabine, stavudine



--mech—mimic nucleosides used to make DNA, thus inhibiting reverse transcriptase


B.  Non-nucleoside reverse transcriptase inhibitors



--nevirapine, delaverdine



--mech—bind to and inactivate reverse transcriptase, but not by mimicking nucleosides


C.  protease inhibitors—most effective but not used alone



--saquinavir, indinavir, ritonavir, nelfinamir



--mech—inhibit protease that is responsible for converting certain viral proteins into their mature funcional form

Adverse Effects—


--pancreatitis


--peripheral neuropathy


--anemia


--neutropenia


--GI


--CNS (head, seizure, insomnia)


--myopahty


--stomatitis (oral ulcer)


--rash


--DM


--increased cholesterol and heart dz


--liver damage

Interactions—many are enzyme inducers or inhibitors—always double check

DRUGS USED TO TX VIRAL HEP B AND C

1.  interferon alpha—SQ/IM—hep B and C


--produced by human body; blocks virus from entering human cells, blocks synthesis of viral mRNA and protein, and blocks viral assembly and release


--adverse—flu-like illness, bone marrow suppression, suicidal depression, hair loss, toxic hep, thyroid dysfunction


--decrease dose in adverse effects

2.  ribavirin—additive in hep c


--oral capsules used with interferon alpha for hep c

3.  lamivudine—hep b—well tolerated


--also for HIV

DRUGS FOR INFLUENZA

1.  amantadine—


--dosage adjustment needed in renal dz (elderly); CNS (lightheadedness, difficulty concentrating, nervousness, insomnia, seizures; N/V

2.  rimantadine—well tolerated in elderly


--extensively eliminated in the liver (no dosage adjustment); CNS effects are less

--mechanism—prevent virus (influenza A) from entering cell, and inhibits early steps in viral replication


Role:



--vaccinate first if possible



1.  use thruout flu season (NOV-MAR) to prevent influenza A in pts who cannot be vaccinated



2.  given until immune system can respond to vaccine (2 weeks)



3.  use with vaccine to provide optimal protection during an outbreak, such as in a nursing home



4.  within 48 hours of onset of illness to decrease duration and severity of fever and other sx



5.  preventative therapy in unvaccinated exposed family members

--neuraminidase inhibitors—new


--mechanism—inhibits neuraminidase, a glycoprotein on the surface of influenza virus necessary for release of virus from infected cells

--tamiflu—PO

--relenza—inhalation


--influenza A and B


--role is same as others but also effective for influenza B; must be started within 30 (relenza) or 36 tamiflu hours


--expensive


Vaccination key to preventing the flu

FOR EXAM III

2/18/00

Nervous System Review—central and peripheral

Central NS—brain and spinal cord

Peripheral NS—somatic and autonomic

Autonomic NS—sympathetic and parasympathetic

--the autonomic nervous system regulates:


-heart


-secretions (saliva, sweat, gastric juice, bronchial secretions)


-smooth muscles (bronchi, blood vessels, urogenital system, GI tract, eye)

--parasympathetic nervous system:


--slows heart rate


-increases gastric secretion


-empties the bladder


-empties the bowel


-focuses the eye for near vision


-constricts the pupil


-constricts the bronchioles

--sympathetic nervous system:


-increases heart rate and BP (vasoconstriction)


-promotes sweating


-dilates bronchi


-dilates pupils


-mobilizes stored energy (glycogenolysis)

*many drugs are agonists or antagonists at receptors

Peripheral nervous system neurotransmittes—(agonists mimic neurotransmitters)


-parasympathetic(acetylcholine (Ach)—at organ


-sympathetic—NE (at organs), EPI (from adrenal medulla(blood(affect organs), and Ach (at ganglion and sweat glands)


-somatic—ACh

*neurotransmitters have different effects depending on which receptor it binds to

Receptors of the peripheral nervous system:


--Ach binds to CHOLINERGIC receptors:  MUSCARINIC AND NICOTINIC RECEPTORS


--NE and EPI bind to ADRENERGIC receptors:  ALPHA 1, ALPHA 2, BETA 1, BETA 2


--CHOLINERGIC MUSCARINIC receptors:



-sweat glands (regulated by symp)



-organs regulated by the parasymp NS


--CHOLINERGIC NICOTINIC receptors:



-skeletal muscle (somatic NS)



-sympathetic ganglia


--ADRENERGIC BETA 1:  EPI and NE



-heart (increase rate, force of contraction, electric conduction; when acted on by EPI, NE)



-kidney (release renin(angiotensin)


--ADRENERGIC BETA 2: EPI (NE cannot bind to B2)



-bronchi, arterioles, uterus, and skeletal muscle



-stim by epi(bronchodilation, vasodiladtion, relaxation of the uterus, glycogenolysis in liver and skeletal muscle

*beta 1 and beta 2—fight or flight


--ALPHA 1 receptors:



-eye, arterioles, veins, bladder neck, prostatic capsule



-stim by NE / EPI(pupil dilation, constriction of BV’s, urinary retention


--ALPHA 2 receptors:



-on the nerves themselves



-stim by EPI / NE(results in decreased NE release (prevents too much NE from building up in the synapse)—negative feedback system to control HR

Degradation of neurotransmitters:


--Ach—acetylcholinesterase (enzyme on the cell membrane of the post junctional cell) breaks it down to choline and acetate(taken back to terminal and reused


--NE—taken back into nerve terminals OR broken down by the enzyme monoamine oxidase (MAO)—high in liver and brain


--EPI—liver metabolism

Cholinergic Agonists—


--major uses—



-glaucoma



-tx decreased bowel and bladder function



-myasthenia gravis

I.  Musarinic Cholinergic Agonists


A.  bethanechol (Urecholine)—PO and SQ



--actions—activates bowel and bladder smooth muscle (increase GI motility and urination)



--clinical use—

--used post-op and postpartum to tx neurogenic ileus and urinary retention

--overflow incontinence (bladder doesn’t contrat—just leaks out when full)



--SE—more prominent with SQ—

-sweating 

-increased gastric acid secretion and motility leading to abdominal cramping and diarrhea

-salivation

-bronchoconstriction




-bradycardia and hypotension


B.  pilocarpine (IsoptoCarpine, Pilopine HS, Ocusert Pilo, Saligen)




--eye drop, HS gel, weekly insert



--clinical use—glaucoma, dry mouth




--glaucoma




--increase salivary flow in pts receiving head and neck irradiation (Salagen)



--actions—

--contraction of ciliary muscle of eye opens the canal of Schlemm and drains aqueous humor




--increases salivation



--Adverse Effects—




--eye drops—

-miosis





-blurred vision





-lacrimation





-RARE—salivation, perspiration, N/V, diarrhea




--Salagen tablets—





-mild to moderate sweating





-N





-runny nose





-chills





-flushing





-urinary Fq





-dizziness

II.  Reversible Acetylcholinesterase Inhibitors—


A.  tacrine (Cognex)


B.  donepezil (Aricept)


--clinical use—




--mild to moderate Alzheimer’s Dz (ass. With a loss of cholinergic neurons in the brain that are responsible for cognitive processes)



--action—increases the amount of Ach in the brain



--Adverse Effects—hepatotoxicity (tacrine), N/V, diarrhea


C.  pyridostigmine (Mestinon)



--PO



--clinical use—




--myasthenia gravis—dz in which autoantibodies directed against nicotinic receptors on skeletal muscle result in a decreased number of receptors, and thus muscle weakness



--Actions—




--increase amount of Ach available to stimulate neuromuscular junction, thus increasing muscle strength



--SE—




--salivation and other signs of Ach excess


D.  physostigmine (eye drops)—



--clinical use—glaucoma



--action—increases aqueous humor outflow

III.  Irreversible Acetylcholinesterase Inhibitors—


A.  organophosphates:  insecticides (e.g. malathion), and nerve gas (Sarin, Soman, Tabun)



--toxicities—




-salivation




-bronchoconstriction




-bronchial secretions




-loss of bowel and bladder control




-paralysis




-DEATH



--antidotes—atropine and pralidoxime (Protopam)




--atropine (muscarinic cholinergic antagonist) reduces muscarinic stimulation, and pralidoxime reverses poisoning by causing the insecticide or nerve gas to dissociate from the acetylcholinesterase enzyme.  Pralidoxime works best at the neuromuscular junction; it is less effective at reversing acetylcholinesterase inhibition at muscarinic and ganglionic sites.  It must be given as soon as possible, before “aging” of the enzyme/inhibitor comlex occurs.

Anticholinergics—


--actions are opposite of those of the parasympathetic nervous system.  “Anticholinergic effects” include dry mouth, dry skin, tachycardia, decreased GI and bladder activity, sedation, excitation, confusion, and hallucinations


A.  Atropine—injection / eye drop



--an antagonist at muscarinic receptors



--used to tx organophosphate cholinesterase inhibitor poisoning along with pralidoxime



--used in ACLS to tx bradycardia and asystole b/c it speeds up HR



--dries secretions and protects against bradycardia caused by anesthesia


B.  Anticholinergic eye drops



--Atropine, cyclopentolate (Cyclogel), tropicamide (Mydriacyl), scopolamine, homatropine


--uses—




--dilate pupil to visualize the retina and optic disc (also causes cycloplegia—difficulty focusing for near vision)



--tropicamide is very popular b/c it produces maximum pupil dilation in 30m and lasts only 4-5h


C.  Benztropine (Congetin) and trihexyphenidyl (Artane)—PO/injection



--uses—




--idiopathic Parkinson’s Dz, which is caused by destruction of dopaminergic neurons (neurons that produce dopamine) in the basal ganglia of the cerebellum (responsible for coordinated movement).  Destruction of dopaminergic neurons results in imbalance b/t dopamine (too little) and Ach (relatively too much),(nigrostatial pathway), resulting in movement disorders (tremor, akinesia, bradykinesia).  Antipsychotic meds also cause a similar disorder called parkinsonism that is also tx with benztropine and trihexyphenidyl.


D.  Oxybutynin (Ditropan) and Detrol (tolterodine), propantheline (Pro-Banthine)



--used to tx “urge” incontinence ass. with involuntary detrusor contraction.  Dentists sometimes prescribe propantheline to decrease salivation in some pts



--adverse effects—dry mouth, constipation, dry eyes, cognitive impairment, cardiac effects; tolterodine—better tolerated but may be less effective than the other two drugs.


E.  dicyclomine (Bentyl)



--a GI tract antispasmodic used to tx IBS


F.  Dimenhydrinate (Dramamine), meclizine (Bonine, Antivert)



--used to prevent motion sickness



--Ach is involved in sending signals from the vestibular apparatus in the inner ear to the vommiting center in the brain, which in turn sends signals to the GI tract and causes vomiting.  Anticholinergics interrupt these signals.


G.  glycopyrrolate (Robinul)—used pre-op to decrease respiratory secretions and salivation, and decrease cardiac effects of anesthesia



--used more often than atropine


H.  ipratropium (Atrovent)—inhaled bronchodilator for COPD and asthma



--parasymp will bronchoconstrict



--more commonly used for COPD



--rare systemic effects b/c of inhalation

ADVERSE EFFECTS OF ANTICHOLINERGICS (“ANTICHOLINERGIG EFFETS”)


--dry mouth (xerostomia)


--dry eyes


--constipation


--urinary retention


--tachycardia


--CNS—hallucinations, confusion, sedation, excitation


--decreased sweating


--blurred vision and pupil dilation

NICOTINC CHOLINERGIC AGONISTS –work at ganglion in PNS, SNS and adrenal medulla, and somatic NS—skeletal muscle


A.  nicotine—pre-ganglia/skeletal muscle



[gum (Nicorette), patch (Nicoderm, Nicotrol, Habitrol, Prostep), spray (Nicotrol NS), inhaler]



--actions—most effects of nicotine come from its effects on the adrenal medulla, autonomic nervous system, and CNS.  Therefore its effects include:




-release of NE from symp nerves




-release of EPI from the adrenal medulla




--increase HR, force of contraction.




-stimulation of the parasymp ganglia results in gastric acid secretion (higher incidence of PUD)




-CNS stimulation—





-increase respiration, alertness, memory, concentration, and suppression of appetite





-release of dopamine in the pleasure system located in the mesolimbic system, thus causing addiction





-Nausea




-stimulation of skeletal muscle(somatic receptor)—tremor (or thru a central effect). At high doses seizures can occur.

--clinical use of nicotine—to tx nicotine addiction

--adverse effects—nasuea, throat irritation and hiccups (gum); erythema, itching, burning, edema (patch)—well tolerated—people already used to nicotine

B.  succinylcholine



--clinical use—paralysis of skeletal muscle (before intubation, surgery)



--Action—




-binds to nicotinic receptors on motor end plate(remains bound for some time and causes constant depolarization of the muscle cell. (muscles need to repeatedly depolarize and repolarize to maintain contraction(therefor muscle paralysis occurs.  B/c of this mechanism, paralysis is preceeded by transient muscle contraction

BETA BLOCKERS


Action—block B-1 receptors.  Also block B-2 receptors to varying degrees


--the major consequences of B-1 blockers are opposite of B-1 agonists:



-decreased HR



-decreased force of contraction



-decreased speed of conduction thru the AV node



-decreased release of renin (angio II) from kidney



-decreased aqueous humor formation (good for glaucoma—decreases intraocular pressure)



--therapeutic uses—



-HTN



-angina pectoris—imbalance b/t O2 supply and demand



-arrhythmias—AF, SVT, prevention of Vent. arrhythmias (slows conduction)



-MI—decrease pain, infarct size, mortality, and risk of re-infarction



-migraine prophylaxis



-glaucoma—ocular drops



-heart failure—a compensatory mechanism by the body is to stimulate sympathetic nervous system to get blood pumped—it actually hastens death—must use this tx method judiciously


--adverse effects—



-bradycardia



-decreased CO



-heart block



-bronchoconstriction (B2 receptors in lungs)



-inhibition of glycogenolysis (bad for DM; prolongs recovery from hypoglycemic episode)



-B-1 blockade reduces warning signs of hypoglycemia in DM—they won’t feel the increased HR so they can no longer rely on it (will still sweat, headache, confusion, etc)

--drugs—



--“non-selective”—block B1 and B2 receptors—older




-propanolol (Inderal, Inderal LA)




-timolol (Blocadren, Timoptic solution and gel (tx glaucoma)



--“cardioselective”—block B1 receptors and B2 receptors to a lesser extent (can still cause bronchoconstriction)




-atenolol (Tenormin)




-metoprolol (Lopressor, Toprol XL—sustained release)




-betaxolol (Kerlone, Betopic suspension and solution—glaucoma)




-esmolol (Brevibloc)—IV—1/2 life is 15m—very useful—if problem with tx turn off drip and gone soon



--ISA—Intrinsic Sympathomimetic Activity




--acebutolol (Sectral)



-not antagonists, but partial agonists at B-receptors(bind receptor and cause rxn but NEVER MAXIMAL




-idea is(less sd effects—if pt cant tolerate regular B-blocker, can probably tolerate ISA’s




-don’t work as well—e.g. CAD with angina / MI—not recommended




-promoted for use with DM/asthma


--clinical implications—



--monitor BP and pulse



--warn DM that tacy can’t be relied upon



--can somewhat cross BBB and cause CNS effects (propanolol worst—very lipophilic)(depression, insomnia, nightmares



--heart failure—SOB, peripheral edema, night cough—all could be 1st signs of CHF



--bronchoconstriction—more common in COPD, asthma



--don’t use B-blockers long term in asthma pts

ALPHA-1 BLOCKERS


--action—blocks alpha-1 receptor in BV’s, bladder neck, and prostatic capsule—decreasing BP and increasing urine flow in BPH


--uses—HTN, BPH


--examples: terazocin (Hytrin), doxazocin (Cardura)—BPH and HTN




-prazocin (Minipress)—HTN only—not used that much anymore—many adverse effects


--adverse effects—orthostatic hypotension (titrate up SLOW), fluid retention, and reflex tachycardia

Mixed Alpha-1 and Nonselective Beta Blockers (B1 and B2)


--examples—carvedilol (Coreg), labetalol (Normodyne, Trendate) [PO, IV]


--Uses—HTN, CHF (Coreg)


--Clinical Implications:



--inform pts of sx of orthostatic hypotension (dizzy)—risk worse with 1st dose—don’t drive 12-24h.  tell them to stand up slowly



--increase alpha-1 blockers slowly—if miss 1 dose—have them contact you and start them over



--screen for contraindications to B-blockers (asthma/CHF) in pts that are to receive carvedilol/labetalol



--if receiving carvedilol for tx of CHF—advise to follow precise dosage increase and report worstening of CHF (edema, SOB, wt. Gain, ex. intolerance)

ALPHA-2 AGONISTS


--these are on nerves themselves—they decrease NE release, therefore decrease BP


--clonidine (tablets, patch)—very effective, but not well tolerated



--drowsiness, dry mouth, rebound hypertension—if stop tx(Bp goes up even higher than previous


--methyldopa (tablet, injection)



--DOC for HTN in pregnancy



--SE—hemolytic anemia, hepatic necrosis, drowsiness, dry mouth

ADRENERGIC AGONISTS—

--oral decongestants


1.  phenylpropanolamine


--mechanism—




1.  direct alpha-1 agonist(vasoconstriction(opposite of Hytrin, Cardura)




2.  causes NE release(vasoconstriction




--this decongests by constricting nasal mucosa vasculature(stop stuffy nose



--adverse effects—tachycardia, increased BP—well tolerated




--increased blood glucose (glycogenolysis), urinary retention in BPH pts, CNS stim and nausea



--drug interactions—




--offset action of anti HTNsives (b/c these cause HTN)—particularly important with B-blockers—more risk.  Also monoamine oxidase inhibitors—will have excessive response to NE release


2.  pseudoephedrine—less side effects—same but more of a pure alpha-1 agonist


**NO down regulation b/c amount of drug is not as great

Topical Decongestants


--alpha-1 agonist—pure(no NE release


--oxymetazoline (Afrin)—spray



--rebound congestion if use too long (week)—BV’s swell up and cause congestion.  Happens b/c of receptor down-regulation—constant stimulation of receptor on the cell(cell will decrease/stop making receptors.  When take drug away(vasodilation b/c not enough receptors to respond to NE(put them on pseudo/saline nasal spray few weeks(OK

--dipevfrin (Propme) (ocular drops)



--prodrug(EPI



--action—enzymes of the eye turn it into EPI—very lipid soluble (more than EPI—easier to get in the eye)



--uses—glaucoma

--albuterol [Proventil, Ventolin (MDI or nebulization)], pirbuterol [Maxair (MDI)], terbutaline (parenteral, MDI, nebulization), salmetereol [Serevent (MDI)]



--asthma, COPD—use only PRN (acute episodes)



--B-2 gonists—cause bronchodilation



--terbutaline inhibits uterus contraction



--salmeterol—long onset of action(do not use for acute relief—only chronic



--adverse—some B1 activity(tachycardia, HTN, etc.

2/25/00

Centrally Acting Sympathomimetics—


--fairly similar but different in therapeutic uses


1.  methylphenidate (Ritalin)



--promotes release of NE, dopamine, and serotonin from neurons in the CNS



--ADHD, narcolepsy—stimulates hypoactive parts of the brain

2.  detroamphetamine (Dexedrine); dextroamphetamine/amphetamine (Adderall)



--ADHA



--mechanism—same as methylphenidate

**1 and 2 are schedule II drugs


3.  sibutramine (Meridia)



--tx of obesity



--inhibits NE and seratonin reuptake—increases NE and seotonint levels




-NE—decreases hunger




-serotonin—makes you feel full


4.  phentermine (Adipex-P, Fastin, Ionamin)



--inhibits NE reuptake—more specific action than Meridian

**ADVERSE OF ALL (1-4)—potential for abuse

**the schedule II’s are illegal for prescription of obesity because they have an even higher potential for addiction

CHOLESTEROL LOWERING DRUGS

CAD risk factors—


--45+yo(males), 55+ or premature menopause for females


--FH of MI or sudden death b/f 55 in father or brother, or 65 in mother or sister


--current cigarette smoking


--HTN


--low HDL (35 mg/dL or less)


--DM

Negative risk factors—HDL 60 mg/dL or greater

Goal LDL—this is the main thing to look at when deciding to use or not use drugs


--none or  risk factor


--No CAD and <2risk factors:<160 mg/dL



--men <35yo and premenopause women <2 RF—220 mg/dL (drug more risk than benefit)


--No CHD and 2 or more RF’s--<130 mg/dL


--CHD or DM—100 mg/dL

Goal Triglycerides—


--<200 mg/dL for pts with CAD


--200-400—likely to be associated with increased risk of CAD


-- >1000—associated with pancreatitis

HDL goals—


--men—45 mg/dL


--women—55 mg/dL

I.  Resins—


A.  cholestyramine (Questran[powder], Questran Light [powder], Prevalite [powder], Cholybar [candy bar]


B.  cholestipol (Cholestid)—powder



--mechanism—binds to bile acids so that the conversion of cholesterol(bile acids is increased



--efficacy—decrease LDL 14-30% (modestly effective), increase triglycerides 3-10%, and can increase or decrease HDL by 3%



--main use of resins—MODESTLT LOWER LDL



--adverse effects—indigestion, bloating, nausea, constipation, ab pain, flatulance (not many systemic b/c it is not abs)



--drug interactions—




-decreased abs of anionic drugs (warfarin, B-blockers, digoxin, thyroxine, thiazide, diuretics, gemfibrozil, fenofibrate, raloxifene (osteoporosis), and others)




-give at least 1-2h b/f or at least 4h after other meds




--for drugs like digoxin that undergo enterohepatic recirculation (get metabolized in liver(excreted in bile, in s.i. bacteria convert it back into parent compound and then gets reabsorbed), spacing the doses DOES NOT completely eliminate the interaction



--monitoring—lipid profile Q4-8wks until controlled, then Q6-12mo

II.  niacin (nicotinic acid, NOT nicotinamide)


--mechanism of action—unknown


--efficacy—decrease LDL 15-25%, increase HDL 20-35%, and decrease triglycerides 30-60%


--MAIN USE—increase HDL greatly, decrease triglycerides greatly


--Adverse effects—

--flushing (extended release product causes less), itching, tingling, rash (minimize by slowly increasing dose and pretreating with asa 325mg or ibuprofen 200mg x 14d)

--headache, nausea, gas, heartburn, fatigue, worsening of PUD, increase blood glucose and uric acid, hepatitis (esp. with SR preparations at doses >1500mg)


--drug interactions—



--hypotension with BP drugs, esp. alpha blockers (possible)



--loss of diabetic control requiring increase in insulin or meds (avoid in DM)


--monitoring—

--LFT’s at baseline and Q6-8wks for 1st year, then only if sx develop



--lipid profile as needed to adjust dose, then Q6-12mo long term



--uric acid and glu at baseline, then after stable dose reached, then if symptomatic



--monitor BP in pts on antihypertensives and elderly

III.  statins (HMG CO-A Reductase Inhibitors)


--fluvastatin (Lescol), pravastatin (Pravachol), lovastatin (Mevacor), simvastatin (Zocor), atorvastatin (Lipitor), cervastatin (Baychol)


--mechanism—



--all are reversible inhibitors of 3-hydroxy-3-methylglutaryl-coenzyme A (HMG CoA), reductase which catalyzes the rate limiting step (HMG CoA(mevalonate) in cholesterol biosynthesis.  They do not completely block cholesterol biosynthesis


--up to 60% decrease in LDL(main use(LDL lowering  (not much with HDL)


--atorvastatin (Lipitor)—best at lowering LDL and triglycerides (LDL—35-40% and at highest doses 50-60%)—2nd most expensive


--lovastatin (Zocor)—most expensive but less lowering


--moderate beneficial effects of triglycerides [5-22%(46% with Lipitor)decrease] and HDL 2-15% increase
--adverse effects—

      
--most well tolerated—mild transient GI disturbances, rash, headache, sleep disturbances (some cross BBB)



--increased LFT’s—




-incidence similar among the statins (1-2%)




-linked to mechanism of action




-usually asymptomatic




-dose-related (up to 2% with higher doses)




-no permanent liver damage documented



--increase CK and myopathy—




-also infrequent incidence




-measure if:  profound muscle weakness, soreness, aches, CK >10xULN




-monitoring CK levels in the absence of sx is NOT helpful in preventing this adverse effect




-in a few instances, rhabdomyolysis (muscle bkdn), myoglobiuria, and acute tubular necrosis, and acute renal failure




-risk factors—complex medical problems (renal, liver, infx), advanced age, and multiple meds




-dose related



--drug interactions—




-these are metabolized by CYP3A, and so inhibitors of CYP3A increase statin levels and put the pt at risk for myopathy




-lovastatin and simvastatin are most effected (extensively met by CYP3A)




-atorvastatin and cervastatin only moderately increased




-itraconazole, ketoconazole, erythromycin, and clarithromycin are CYP3A inhibitors




-cyclosporin, gemfibrozil (5%) and niacin (3%) increase risk of myopathy




-warfarin levels may be increased by lovastatin



--food interactions—




-grapefruit is a CYP3A inhibitor—inhibits lovastatin, simvastatin, and atorvastatin




-food decreases the biavailability of pravastatin (take on empty stomach) by 32% and fluvastatin by 22%, and increases lovastatin abs by 50% (take with food)



--take all of these meds at night b/c that is when cholesterol synthesis at night

IV.  Fibrates


--gemfibrozol (Lopid), fenofibrate (Tricor)


--MOSTLY affect triglycerides


--increase lipoprotein lipase activity

triglycerides



HDL

Gemfibrozil
30-60% decrease
10-30% increase

Fenofibrate
30-50% decrease
1-34% increase

--LDL can increase or decrease by 10%, and fenofibrate is comparable to a low dose of provastatin or fluvastatin

--adverse effects—well tolerated compared to statins/niacins—rash, GI, cholelithiasis, hepatitis, myositis

--drug interactions—statins(myopathy), warfarin

V.  fish oils


--decrease triglycerides but may increase LDL.  May interfere with platelet function and increase bleeding risk

VI.  estrogens for post-menopausal women


--esrogen increases HDL 15-20%, increases triglycerides 10-50%, and decreases LDL by 15-25%


--raloxifene (Evista) (can be bound by a resin)—decreases LDL by 12-14%, with neutral effects on HDL and triglycerides.  Raloxifene is a SERM(selective estrogen receptor modifier)



--tx—osteoporosis

SUMMARY OF THE CHOLESTEROL LOWERING DRUGS—


--statins are DOC for treating high LDL


--fibrates or niacin are best for high triglycerides or low HDL


--pravastatin, simvastatin, lovastatin, and gemfibrozil are beneficial for primary and secondary prevention of CHD

ANTICOAGULANTS, ANTIPLATELET DRUGS AND THROMBOLYTICS


--these drugs prevent formation of thrombi or dissolve thrombi.  They do this by suppressing coagulation, inhibiting platelet function, or promoting clot dissolution


--the American College of Chest Physicians periodically(every 3y) publishes recs for the use of these agents in the journal Chest.  The most recent update was in Nov 1998


--Steps in hemostasis—


1.  platelet plug


2.  coagulation(insoluble fibrin mesh


3.  physiologic removal of clots


4.  also mechanisms to keep blood from clotting when not needed (protein C and S)


1.  platelet aggregation—platelets come in contact with collagen (epithelium)(platelets stick to the damaged area and release ADP and thromboxane A2(chemotaxis for more platelets to come to the area.  The platelet plug is relatively unstable and must be reinforced with fibrin


2.  coag results in the production of fibrin.  It is produced by two pathways—intrinsic and extrinsic.  Intrinsic—all factors are in the vascular space.  Tissue thromboplastin is necessary for the extrinsic path two work.  Need both systems for optimal fibrin formation


3.  clots are removed by plasmin, an enzyme that breaks down fibrin when healing has occurred and it is no longer needed.  Plasminogen—inactive plasmin


--II (prothrombin), VII, IX, X(MADE IN LIVER—these are vitamin K dependent clotting factors

warfarin (Coumadin), IV, PO


--vitamin K analogue that interferes with the liver’s ability to make the vitamin K dependent clotting factors (II, VII, IX, X) it fools the liver into making it think it is vitamin K


--anticoagulant effect is measured using prothrombin time (PT)(measure of the extrinsic clotting pathway), or PT ratio.  The PT ratio is the patient measured PT divided by the normal control PT (usually 11s)


--WHO rec. the INR (international normalized ratio) instead to measure warfarin’s efficacy. (b/c of differences in thromboplastin)


--the INR is a corrected PT ratio that corrects the differences among thrombo products


--PT is reported in s, but the INR is a unit-less number


--the speed that thromboplastin can activate the extrinsic clotting pathway is referred to as its ISI(international sensitivity index)—this is expressed as a number and is put on the package


--the INR is the PT ratio raised to the power of the ISI


--the more sensitive the thromboplastin the smaller the ISI


--human brain thromboplastin—ISI = 1—all other thrombo products ISI’s are relative to this.  THE INR IS THE PT THAT WOULD HAVE BEEN OBTAINED IF THE WHO’S REFERENCES STANDARD PRODUCT HAD BEEN USED TO TEST THE PTS BLOOD


--NL INR = 2-3

Anticoagulants—


--uses



--PE or DVT (tx/prevention)



--A. Fib



--MI—not routine—used in neural thrombus/MI with severe CHF



--mechanical heart valves

Warfarin (Coumadin)


--inhibits the vitamin K dependent clotting factors (II, VII, IX, X) by acting as a false vit K


--effects are measured using the PT and INR.  INR normalizes the PT by taking into account variation in the reagent (tissue thromboplastin) used in performing the test


Adverse effects—



1.  bleeding



2.  hair loss



3.  N/V, stomach/intestinal cramps, diarrhea



4.  leukopenia



5.  purple toe syndrome




--due to cholesterol microemboli that breaks off and goes to the toes(skin necrosis




--3-8 wks after starting therapy




--unrelated to INR




--painful discolr of toes that blanches with pressure and fades with elevation




--cholesterol microemboli from atherosclerotic plaques




--can lead to renal failure or death



6.  skin necrosis




--painful black discolor of breasts, buttocks, thighs




--extensive microvascular thrombus formation in subQ fat, probably due to protein C or S depletion (these also require vitamin K for synthesis but their half life is shorter than vitamin K clotting factors(as a result there will be a time of (1st few days) hypercoaguable state




--prevent by overlapping warfarin with heparin or LMWH (low molecular weight heparin)


drug interactions—



--many antibiotics and antifungals increase warfarins effect



--rifampin and some PCNs can induce warfarins metabolism



--resins used to tx high cholesterol can bind to warfarin.  Colestipol has a lower potential for interaction


diet—



high vitamin K may reduce the effect



--need consistent vitamin K

FOR EXAM IV

--Heparin (IV/SUBQ)


--affects intrinsic clotting system (warfarin—extrinsic)


--derived from bovine or porcine intestinal mucosa


--mechanism—



-enhances the effect of endogenous anticoagulant antithrombin III(AT III).  Binding of heparin to AT III accelerates the anticoagulant effect of AT III.  The heparin/ATIII complex attaches to and inactivates IIa, IXa, Xa, XIa, XIIa. 


--uses—



-tx DVT (first 5 days)



-treat PE (first 5 days)



-prevent clots in pts undergoing ortho surgery (SUBQ)



-treat unstable angina



-treat MI


--heparin used for these purposes is being supplemented by LMWH, which may be safer and more effective, and are definitely easier to use


--adverse effects—



-bleeding



-late thrombocytopenia—very serious—(white clot syndrome)(incidence 1-2%)




-occurs 4-12d of therapy




-probably caused by IgG production




-antibodies against heparin-platelet complex, causing platelet aggregation




-can cause limb ischemia, stroke, MI




-mortality rate = 20-30%



-early thrombocytopenia (plts >100,000/mm3); occurs during first 4 days

--lab monitoring:  



-APTT—activated partial thromboplastin time, a measure of thrombin activity—goal is 1.5-2.5 x normal


--reversal—protamine sulfate 1mg/every 100 units of heparin

LMWHs (SUBQ)—can be given at home


--anoxaparin (Lovenox), dalteparin (Fragmin), ardeparin (Normiflo), danaparoid (Organon)


--these are heparin fragments produced by treating heparin with chemical or enzymatic depolymerization techniques.


--mechanism of action:  binds to ATIII and inactivates factor Xa.  It has some ability to inactivate thrombin, but is four times more specific for factor Xa than Iia


--laboratory monitoring (aPTT) of anticoagulant effect via PT or aPTT is not necessary.  It is prudent to monitor platelet count, though.


--bleeding complications are similar to that of heparin, but risk of thrombocytopenia is lower.

Antiplatelet Drugs—

Aspirin
Inhibits formation of thromboxane
Prevention of stroke and MI

Ticlopidine (Ticlid)
Inhibits ADP binding
Prevention of stroke in pts who have failed aspirin or are intolerant of aspirin

Clopidogrel (Plavix)
Inhibits ADP binding
Uses as for ticlopidine, plus acute MI and MI prevention; less GI effects and no risk of neutropenia

Dipyridamole (Persantine)
Phosphodiesterase inhibitor(increase cyclic AMP(decrease platelet aggregation
Used to enhance the effects of warfarin (mechanical heart valves) or asa (to prevent strokes)

Aggrenox—1 pill—asa and persantine

Thrombolytics—


--these drugs are plasminogen activators that act by converting plasminogen(plasmin, the enzyme responsible for clot lysis.  In addition, factors II, V, nd VII are inhibited, thus preventing further clotting

Drug
Description
Use
Comments

Urokinase
A direct plasminogen activator
Clots in catheters, MI, DVT
Isolated from human fetal kidney cells grown in culture; $5231 for 70kg pt for tx of MI

Streptokinase
Binds to both circulating and clotting plasminogen to form a SK-plasminogen complex that converts plasminogen to plasmin
MI, DVT, PE, arterial thrombosis
Isolated from beta-hemolytic strep; antigenic; allergic rxn (shivering, fever, rash) in 2-4% of pts; $220/dose; antibodies can inactivate—if just had strep

TPA(activase, altepase, tissue plasminogen activator)

--very specific to clot bound plasminogen—more bleeding risk
Produced by recombinant DNA technology; identical to human tPA
MI, PE, ischemic stroke
$2400/dose; 1% mortality benefit compared to SK; $22,000/year of life saved or $219,780/person saved; pts with AWMI who present within 4h should receive tPA; risk of hemorrhagic stroke>SK; age>75 should receive SK


--for MI, these drugs are used with heparin or LMWH heparin, asa, clopdogrel (plavix), nitroglycerine, ACE inhibitor, morphine (pain and decrease venous return to heart), and a B-blocker if not contraindicated

GPIIb/IIIa inhibitors


--the Iib/IIIa receptor on platelets is responsible for binding of the platelet to fibrinogen, which acts as a bridge to link platelets and cause a platelet plug

--abciximab (Reopro)—used in angioplasty

--integrilin (eprifibatide)(shorter ½ life)—used in angioplasty and acute coronary syndromes (unstable angina, non-Q-wave MI, ST segment depression or inversion)

--tirofiban (Aggrastat)—acute coronary artery syndromes

--used with heparin and asa

--not used for acute MI

ANTIANGINALS—


--ischemic heart dz—imbalance between myocardial O2 supply and demand

--angina pectoris—chest pain associated with myocardial ischemia (occurs when O2 demand exceeds the supply)

--stable angina—predictable—angina on exertion that is relieved by rest/nitro


--unstable angina—a clinical syndrome characterized by angina of NEW onset, angina at rest or with minimal exertion, or a crescendo pattern of angina with episodes of increasing frequency, severity, or duration.  Usually due to rupture or fissuring of an atherosclerotic plaque, resulting in thrombus formation, increased platelet reactivity, and increased vasomotor tone.  Carries a 10-20% risk of MI


--prinzmetal’s / varient / vasospastic angina—episodes of chest pain occuring at rest associated with transient ST segment elevations on the EKG due to vasospasm, usually without evolution to an MI.  may be seen in nl arteries or those with a fixed atherosclerotic lesion.  May be accompanied by v tach or heart block, and may rarely progress to MI or sudden death.—also important in caths—


--preload—ventricular filling pressure caused by LVED (determined by amount of blood)


--afterload—pressure against which the heart must contract (arterial tone)

BETA-BLOCKERS—


--atenolol, metoprolol, propanolol


--mechanism—decrease O2 demand by decreasing heart contractility and heart rate by blocking B1 receptors


--adverse effects—

-contraindicated in asthma/COPD—bronchoconstriction (B2 receptors)



-cautious in DM—block tachy—lose warning sign of hypoglycemia



-also prolong recovery from hypoglycemic episode by blocking glycogenolysis



--blood pressure can increase during this time(
--low blood glucose(EPI release(B2 receptor in skeletal muscle(glycogenolysis




      |




      |



alpha 1 (constrict) and beta 2 (dilate) receptors in BV





--here the B2 receptor is blocked so BP increases (these would normally cancel each other out resulting in no change in BP)




1.  lose warning sign of low blood glucose




2.  glycogenolysis blocked




3.  increase BP due to imbalance b/t alpha 1 and beta 2




4.  decrease insulin release from B-cells in pancreas in NIDDM

Ca++ Channel Blockers—


--nifedipine (Procardia, Procardia XL, Adalat), verapamil (Isoptin, Calan), amlodopine (Norvasc), diltiazem (Cardizem, Cardizem CD)—chronic stable and vasospastic angina


--verapamil (Isoptin SR, Calan SR, Verelan, Covera HS), diltiazem (Dilacor XR (SR))—chronic stable angina only

--it is recommended to use SR Ca++ channel blockers (CCB) first because the incidence of stroke/MI/CA with short acting is high


--mechanism—block ca++ channels in heart and blood vessels(decrease HR, decrease contractility and dilation of arterioles, therefore—decrease O2 myocardial demand


**nifidipine and amlodopine act more on the arterioles (decrease afterload) than the heart


--adverse effects—



-SAFE IN ASTHMA/COPD



-decrease heart contractility—problematic in CHF—amlodopine is the safest



-bradycardia—secondary to the mechanism



-peripheral edema—due to vasodilation and leaking—NOT CHF—no big deal



-plasma levels can be increased by enzyme inhibitor drugs (many including P45031A



-constipation—mostly from verapamil—particularly elderly


--non-cardiac use of CCB—migrain prophylaxis—verapomil

Nitrates:


--mechanism—



1.  dilate arterioles (decrease afterload)



2.  decrease O2 demand by decreasing venous return to heart by dilating veins (decrease preload)



3.  increase O2 supply by increasing blood flow to ischemic areas (dilate coronary arteries)


*this is the only class so far that increases supply AND decreases demand (the others only decrease demand)


*note—tolerance can develop—need to increase amount


*need 8-12h nitrate free interval—usu. at night


--nitroglycerin sublingual—



-0.3-0.6mg PRN up to 3 tablets (0.4mg tabs most often prescribed)




-every 5 min x 3 (3x in 15m)(if not reacting(ER (unstable angina)



-can be taken 5-10m prior to strenuous activity



-therapeutic effects lasts less than 1h

--Patient information concerning use of SL NTG—


1.  store in original brown bottle (glass-no light)—NOT in refrigerator


2.  close bottle tightly (O2 destroys)


3.  discard cotton in bottle(will as nitro


4.  replace bottle every 6-12mo or sooner if exposed to light, air, heat


5.  note expiration date


6.  75% of pts may feel a sublingual burning or stinging sensation, but this is not an indication of tablet potency—not everyone feels it


7.  sit down on chest pain and place nitro under tongue(don’t swallow—very high first pass


8.  max dose 3 tablets in 15m—if no work(hospital

--nitro spray—


--same uses as sublingual tablets


--shelf-life three years, 200 doses

--IV nitroglycerin—ER/hosp


--used for unstable angina and acute MI

--nitro patch—


--last 24h—need nitrate free interval(take off b/f bed


--some may need it 24h(make sure they don’t
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Nitroglycerin Ointment—more difficult to use than the patch


--0.5-2” of 2% paste applied to paper marked with measuring scale, then spread a thin layer over a 2” x 3” area on chest or upper arms


--TID for 12-14h/day; remove at 7:00PM to prevent tolerance


--long term efficacy not established


--more appropriate for hospital vs. home use, but used that way anyway


--preferred by critical care physicians because it can be easily removed, but nitrate in skin will work for 10-20min after paste removed


--wear gloves when handling

PO Nitro—


1.  isosorbide dinitrate:  Isordil dosed 2-3 x/day in the morning and afternoon


2.  isordil tembids (sustained release of #1):  dosed 1-2 x/day in the morning and afternoon


3.  isosorbide mononitrate:  Ismo dosed in the morning and afternoon; Imdur dosed once daily

ADVERSE EFFECTS AND DRUG INTERACTIONS OF NITRATES


--flushing, hypotension, headaches, reflex tachycardia (all due to vasodilation)


--interaction with Viagra(not used with CAD in general, particularly with nitrates(cause profound hypotension which can not be recovered from(death (Viagra inhibits an enzyme that increases BP)

DIURETICS—


Kidney Physiology and diuretic action—



-PCT—65% Na+ Cl- reabsorbed



-ascending limb—20% Na+ Cl- reabsorbed



-DCT (early)—10% Na+ Cl- reabsorbed



-DST/CD—1-5% Na+ Cl- reabsorbed (Na+ K+ pump)


**diuretic resistance—if a diuretic acted on the PCT, compensatory mechanisms in the rest of the kidney would be activated.  This would increase Na+Cl- reabsorption in tubules distal to the PCT and in effect the diuretic would have no efficacy.  Therefore, the best diuretics work on the LOOP (loop diuretics).  Distal to the loop, the kidney cannot compensate very well.  We can also combine different diuretics to achieve a heightened effect.


--Therapeutic Uses—



1. CHF



2.  Renal Failure



3.  AntiHTN (certain ones)



4.  spiranolactone—Tx fluid retention due to liver failure


--THIAZIDE DIURETICS—work at DCT—fairly effective, not great



A.  hydrochlorothiazide—most common—also combined with others—fairly effective



B.  chlorthalidone


C.  metolazone—(Diulo, Zaroxolyn)—may be the best thiazide in pts with poor renal function



**hydrochlorothiazide and chlorthalidone are FIRST LINE antihtnsives**



--first line for HTN



--decrease blood volume (a little) and arterial resistance (because helps kidney eliminate Na+)



--causes kidney to excrete Na+, K+, and H2O



--causes kidney to retain Ca+ (good, esp post menopause) and uric acid (bad, gout—however not a common complication)



--hydrochlorothiazide is often combined with other antihypertensives (B-blockers, etc)



--if the site of action is not the renal tubule, there will be NO EFFECT



--these cause more Na+ loss than loops


--LOOP DIURETICS—



--bumetanide (Bumex)--$$



--furosemide (Lasix)—less expensive—most commonly used



--torsemide (Demadex)--$$ more effective antihypertensive than the other three



--ethacrynic acid (Edecrin)--$$--can be used in pts allergic to sulfonemyde antibiotics (this is the only one)




-causes Na+ and H2O loss




-cause more water loss and less sodium loss than thiazides




-cause potassium loss




-unlike thiazides, all except torsemide are poor antihypertensives




-preferred to thiazides in CHF and renal failure




-cause calcium loss (bad—kidney stone) and uric acid retention (bad)


--POTASSIUM SPARING DIURETICS



--work on DCT—not as effective



--spironolactone (Aldactone), spironolactone/hydrochlorothiazide (aldactazide)



--triamterene [hydrochlorothiazide/triamterene (Maxzide, Dyazide)]



--amiloride [hydrochlorothiazide/amiloride (moduretic)]



--these are weak diuretics that are used with hydrochlorothiazide to offset K+ loss (alone, these are NO good antihtnsives)



--spironolactone (aldosterone antagonist) is esp effective in liver failure, and is beneficial in CHF

**know what the diuretics do to Ca+, K+, Cl-, etc (all lytes)

CHF REVIEW(

--CO (HR X SV) does not meet the needs of the body in terms of blood and O2 supply


--regardless of the cause, the body has mechanisms to try to increase CO(these actually hasten death



1.  renin system (aldosterone)




-angio II—clamp down on BV’s.  also releases aldosterone(Na+ retention and K+ excretion.  Renal vasoconstriction(decrease RBF, decrease GFR(retain Na+ and H2O (all because the body is trying to increase BV to increase CO.




-the increased BV leads to increased BP




-the increased BP is an increased afterload(we need to interrupt this process




-Digoxin increases contractility



2.  the body also tries to increase HR (in hopes of completing the CO equation and therefore increasing CO)




-stimulation of sympathetic NS(ioncrease EPI/NE(increase HR




-this causes further deterioration of the heart muscle, therefore need B-blockers to turn this process off




-block B-1(prevent these catecholamines(increase survival

DIGOXIN (LANOXIN)


--ON THE BOARDS


Uses—



-mechanism in CHF—increase contractility



-mechanism in AF—blocks impulses thru the AV node (decrease v rate to give them time to more completely fill)



-used to be the primary drug in CHF.  New study shows that dig does not increase survival.  It does help sx, risk of hospital stays, and quality of life, but don’t live any longer



-now used in combination with diuretics, ACE inhibitors, nitrates, hydralazine, and carvedilol (Coreg—the combo alpha/B blocker)



-renally eliminated—needs to be adjusted in low CrCl 



-narrow therapeutic index.



-low K+ and Mg+ levels increase the effect of digoxin so these electrolytes must be monitored and replaced in pts on digoxin and diuretics (b/c diuretics cause loss of these lytes)



-signs and sx of dig tox(



1.  visual disturbances—yellow/green vision; haloes (classic but not common)




2.  heart block—common




3.  stomach upset—feel like they have the flu




4.  hyperkalemia—hypokalemia predisposes the pt to digoxin toxicity(




--digoxin binds to the Na+ K+ pump (Na+ extracellular; K+ intracellular) in heart—in decreased K+ there is increased binding(therefore the pump gets blocked(therefor K+ will passively diffuse out of the cell(hyperkalemia



-Tx of digoxin toxicity includes K+ and Mg+ replacement, Dilantin for arrhythmias, Digibind to bind excessive digoxin (if pt meets criteria for use)



-Pharmacokinetics—renally eliminated, ½ life is 24h in nl renal function; digoxin is extensively bound to heart and muscle



-levels are checked periodically



-therapeutic level is considered to be 1-2 ng/mL taken 6-8 hours after dose, once steady state is reached




--after a pt takes a digoxin dose, it takes 6-8 hours for it to distribute out of the plasma into the heart.  If you check the level sooner than 6-8h the level may seem to high.




--if never taken dig—loading dose—sometimes given to reach therapeutic range faster.  Otherwise, it may take 4-5 days for usual maintenance doses to get in the therapeutic range.  More commonly done with AF.  The total loading dose (10-15 mg/Kg) is administered every 4-6h x 3 doses.

--Drug interactions with digoxin—


--calcium channel blockers (verapimil and diltiazem), used to tx HTN, AF, and other arrhythmias can increase digoxin levels


--CCB’s, verapimil and diltiazem and B-blockers can antagonize the effects of digoxin by decreasing myocardial contractility and therefore offset the beneficial effects of digoxin 


--varapimil, diltiazem, and macrolides (all) will also increase dig levels by blocking the drug transporter  P-glycoprotein—



-P-glycoprotein: 

1. transports digoxin to the renal tubule for elimination




2.  is also found in enterocytes (normally will pump dig from the blood to the lumen—causes drug efflux)(CCB’s and macrolides will block this thereby increasing the absorption of digoxin  


--cholestyramine and Colestid—can bind to dig in the gut, decreasing its absorption and interrupting its enterphepatic recirculation


--dosage forms—PO (tab/capsule) ; IV


--dose is based on weight (muscle mass) and renal finction


--typical maintenance doses—0.125-0.25 mg QD for adults with normal function; for adults with renal failure—0.0625 mg QD or 0.125 mg every 2-3d


--typical loading dose—0.5 mg followed by 0.25mg 4-6h later, then 0.25 mg 4-6 h later, followed by the maintenance dose—split up so we can monitor it because it is very toxic

HYDRALAZINE—also tx CHF, usually in combination with nitrates (decrease preload and afterload)


--dilates arterioles only (afterload reducer)


--uses—CHF (used with nitrates), HTN


--adverse effects—lupus-like syndrome, fluid retention (from vasodilation), reflex tachycardia
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CHF—another review—


--remember Starling’s Curve

--conditions for which renin is released—


1.  decreased BP


2.  decreased BV


3.  decreased renal perfusion

--if CO decreases, the body tries to compensate (for decreased SV) by increasing fluid retention at the kidney (aldosterone)(increase SV

--also—HR may be decreased(sympathetic NS(EPI/NE(increase HR, increase venous return, increase arterial pressure

--the compensatory mechanisms—


--cardiac dilitation


--activate sympathetic NS


--activate renin-angio-aldosterone


--retention of H2O and increase in BV

Adverse reactions with ACE inhibitors


--renal impairment—


--normal conditions(ATII constricts the efferent arteriole, therefore the GFR is increased(increased pressure(this is beneficial for a while, but over time(damage(the increased pressure stimulates fibrotic changes in the glomerulus(decrease renal function(


-therefore, we give B-blockers to decrease this process


--beginning with ACE inhibitors(


-decreased renal function



-increased SCr



-decreased CrCl



-fluid retention



-all b/c of the relaxed efferent arteriole therefore decreasing RBF(GFR

-we measure SCr in the beginning to make sure everything is OK



-although these effects are bad, we are preventing long term renal damage (e.g. DM usually have increased ATII)

**arterial pressure (BP) = CO       x          peripheral resistance

CO—determined by HR, contractility, BV, venous return

Peripheral resistance—determined by arteriolar diameter (constriction/dilitation)

--BP drugs effect these in some way

**Test IV—all of this and antiarrhythmics and that’s it!!

ACE INHIBITORS—

--block enzyme responsible for conversion of angio I to angio II (constrict arteriole and release aldosterone)

--Uses—


--HTN, CHF, post-MI (improved mortality and CO), DM nephropathy (help preserve renal function—ATII hurts kidney)



-these increase quality of life and survival—more important than digoxin

--Adverse Effects—


--dry cough (ACE also breaks down bradykinin—if you block ACE(increase bradykinin(cough(not harmful but annoying)


--renal impairment—see previous explanation


--K+ retention

--Examples—enalapril (Vasotec), captopril (Capoten), lisinopril (Prinivil, Zestril), many others

--sometimes combined with hydrochlorothiazide

ATII INHIBITORS—ATII receptor antagonists

--block ATII receptor

--uses—HTN, CHF, post-MI, DM nephropathy

--Adverse Effects—


--renal impairment, K+ retention


--no cough—good if cant tolerate ACE inhibitors

--Examples—


--valsartan (Diovan), losartan (Cozzar), candesartan (Atacand), irbesartan (Avapro)

**Ace inhibitors and ATII inhibitors—increase K+ from decreasing RBF(good with K+ wasting diuretics(balance out

HYPERTENSION—

--recommendations based on the JNC VI (the 6th report of the joint national committee on prevention, detection, evaluation, and tx of high blood pressure)

--part of the National Heart, Lung, and Blood Institutes’ National High Blood Pressure Education Program

--purpose—to provide guidance for primary care clinicians

--Published in Annals of Internal Medicine 1997; 157:2413-2446. Also available from the AMA’s web site at www.ama-assn.org/internal 

**In general, thiazide diuretics and B-blockers are the drugs of choice for HTN b/c of there beneficial effects on morbidity and mortality.  There are certain dz states, discussed below, that might make other choices better in certain pts

Condition
Drug to use

DM Renal Dz
ACE inhibitors; diltiazem (CCB) is an alternative—some beneficial effects

CHF
Thiazides and/or ACE inhibitors. Coreg or ATII receptor blockers are other choices

Past-MI
B-blockers and ACE inhibitors

Angina
B-blockers or long-acting CCB

BPH
Alpha-1 blocker (doxazocin, terazocin, etc)

Migraine
B-blockers (without ISA’s—acebutol) or CCB (verapamil)

Osteoporosis
Thiazides (conserve Ca++)—avoid if h/o gout or urate stones

Isolated systolic HTN
Thiazides (clorthalidone is best) or a long-acting CCB

COPD
Avoid B-blockers(exacerbate CHF

**also—a thiazide diuretic, if not chosen as a first line, should be added as a second line agent b/c it can greatly enhance the effects of other BP meds (these go well with ALL)

DIHYDROPYRIDINE CALCIUM BLOCKERS were not covered when we talked about angina because they are FDA approved ONLY for Tx of HTN: 

isradipine (DynaCirc (short-acting—AVOID), DynaCirc CR, felodipine (Plendil), nicardipine (Cardene SR), nisoldipine (Sular)

OTHER ANTIHYPERTENSIVES THAT ARE THIRD LINE AGENTS—


Clonidine—role—difficult to control HTN (used commonly in renal failure)


Methyldopa—role—pg—remember s.e.’s


--these are both alpha-2 agonists!


Hydralizine—acts on arteriole side (dilitation)



-CHF along with a nitrate



-often used in combination with a B-blocker and a diuretic to prevent reflex tachy and fluid retention (caused by compensatory mechanisms
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Antiarrhythmics—

--arrhythmia—abnormality in the rhythm of the heart


-may decrease CO

--Electrical activity in the heart—


-SA node


-AV node


-His-Purkinje System

--Action Potential—electrical activity in a single cardiac cell

--2 kinds of action potentials in the heart—


-Fast potential and slow potential—this has a direct impact on where drugs work

--FAST POTENTIALS—His-Purkinje System and in the atrial and ventricular muscle


-Phase 0—rapid depolarization due to SODIUM INFLUX



-drugs that decrease the rate of 0 depolarization (by blocking Na+ channels) slow impulse conduction through the His-Purkinje system and myocardium


-Phase 1—partial depolarization



-Phase 1 has no relevance to antiarrhythmic drugs


-Phase 2—plateau caused by calcium entering cell and promotion of contraction of the atrial and ventricular muscle



-B-blockers and CCBs (diltiazem and verapamil) work here to reduce myocardial contractility


-Phase 3—rapid depolarization due to extrusion of K+ from the cell



-drugs that work here (by blocking K+ channels) prolong action potential duration and effective refractory period (the time during which the cell is unable to respond to excitation and cannot initiate a new action potential)


-Phase 4—two possibilities—(1)—spontaneous depolarization or (2)—membrane potential remains stable

--SLOW POTENTIALS—SA and AV Node


-Phase 0—depolarization due to CALCIUM INFLUX



-drugs that suppress Ca+ influx suppress AV node conduction


-Phase 1,2,3—No phase 1, and phase 2 and 3 are not important in antiarrhythmic therapy


-Phase 4—spontaneous repolarization—automaticity



-drugs that suppress phase 4 depolarization decrease rate of firing of the SA node, and thus decrease heart rate (B-blockers, CCBs)

EKG—graphic representation of electrical activity generated by the heart as a whole (NOT a single cell)


-P wave—depolarization and contraction of the atria—therefore drugs that effect depolarization and contraction of the atria effect the P wave


-QRS complex—ventricular contraction—widened if slowed by drug


-T wave—repolarization of the ventricles


-PR interval—measure of the conduction thru the AV node


-QT interval—time between the onset of the QRS complex and completion of the T wave; prolonged by drugs that delay ventricular repolarization


-ST segment—depressed by digoxin

ARRHYTHMIAS—


--two causes—


1.  increased automaticity—some part of the heart, other than the SA node is trying to take over as the pace maker


2.  conduction disturbances—caused by blocks—area that will not conduct electrical activity



-drugs either eliminate block or convert to a 2 way block (cant go back up)

ANTIARRHYTHMICS—


--fairly dangerous because ALL antiarrhythmics EXCEPT B-BLOCKERS and CCBs can actually CAUSE arrhythmias.



-electrophysiologic studies—EPS—induce arrhythmia to see how the drug works

CLASS IA—


-broad spectrum


-quinidine (IV, PO), disopyramide (PO), procainamide (IV, PO)

   
-ACTIONS—block Na+ channels in the heart, decreasing automaticity (prolonging phase 0), and slowing conduction through the myocardium; prolong QT interval and widen QRS; anticholinergic effects increase HR and conduction thru the AV node


-good for both types of arrhythmias


-USES—AF (decrease automaticity), SVT, ventricular arrhythmias; emergency Tx of pulseless VTACH / VFIB (procainamide IV)


-ADVERSE EFFECTS—many



-quinidine and procainamide can cause hypotension if given too rapidly (IV)



-anticholinergic effects are esp. pronounced with disopyramide (dry mouth, etc)



-DISOPYRAMIDE CAN DECREASE FORCE OF CONDUCTION OF THE HEART



-procainamide can cause a lupus-like syndrome (arthralgia, pericarditis, pleuritis, infl of kidney)--+ANA, etc



-diarrhea occurs in 33% of pts taking quinidine



*quinidine and procainamide levels are monitored (along with EKG)



*many drugs interact with quinidine and procainamide

CLASS IB—


-more narrow than class IA (only ventricular arrhythmias)


-lidocaine (Xylocaine) (IV), mexiletine (Mexitil) (PO form of lidocaine)


-ACTION—block Na+ channels and decrease ventricular ectopy, have little effect on EKG


-USES—ONLY VENTRICULAR ARRHYTHMIAS—lidocaine is the DOC for pulseless VTACH and VFIB (procainamide is 2nd)


-ADVERSE—CNS (drowsy, confused, light-headed, paresthesia, slurred speech, vision and hearing disturbances, tremor, seizures, coma); GI distress from Mexitil


-lidocaine levels are monitored (continuous drips no longer usually used)

CLASS IC—


-propafenone, flecainide


-ACTION—slow conduction thru ventricals (by blocking Na+ channels), can prolong PR interval and widen QRS, little effect on SA node, AV node, or atrial cells, but CAN depress conduction in dysfunctional cells


-USES—SVT, ventricular arrhythmias


-ADVERSE—N/V, constipation, diarrhea, dizziness, HA, blurred vision, fatigue, paresthesia, hypotension, metallic or bitter taste


-PROPAFENONE has B-blocking activity, and thus must be used with caution in pts with heart failure, asthma, or COPD


-FLECAINIDE can also decrease force of contraction of the heart

CLASS II—B-Blockers—


-propanolol (Inderal) (PO IV), atenolol (Tenormin) (PO IV), esmolol (Brevibloc) (IV)


-ACTIONS—block B1 receptors in the heart, decrease conduction thru the AV node, slow HR, and decrease conduction thru the heart, PR prolongation, “membrane stabilizing activity” in the ventricles


-USES—AF, PVCs, supraventricular arrhythmias


-these block conduction—they do not Tx arrhythmia


-ADVERSE—bronchospasm in asthma and COPD, decreased force of contraction, bradycardia, hypotension

CLASS III—


-amiodarone (Cordarone) (PO IV), bretylium (Bretylol) (IV)



-amiodarone—very long ½ life—watch out for interactions—takes a long time for them to go away—e.g. WARFARIN IS INCREASED BY AMIODARONE


-Bretylol is third line in pulseless VTACH after procainamide


-ACTIONS—decrease conduction thru the heart, amiodarone can prolong PR and QT


-USES—VFIB, pulseless VTACH, AF, and ventricular arrhythmias (amiodarone)


-ADVERSE—amiodarone (safe in terms of causing arrhythmias), hypotension, hyper- or hypothyroidism, blue-gray skin discoloration, pulmonary fibrosis, CNS (fatigue, malaise, coordination problems, involuntary movements—not as common as others)


-long ½ life


-Bretylium—N/V, hypotension

CLASS IV—CCBs—


-diltiazem (PO IV) verapamil (PO IV)


-ACTIONS—blocks Ca++ channels in the heart (works at slow potentials), SA node, AV node, thus decreasing conduction thru the AV node, decreasing HR, and decreasing myocardial contractility, can prolong PR


-USES—AF, supraventricular arrhythmias


-these don’t treat, they just block impulses from reaching the ventricles


-ADVERSE—hypotension, decreased force of contraction of the heart, bradycardia (b/c of effect on SA node)

Adenosine—not in a class—


-ACTION—delays AV node conduction, PR prolongation


-USES—supraventricular arrhythmias ONLY


-note—give via rapid IV push, followed by saline flush. Can double dose if no response in 1-2m


-ADVERSE—may cause transient hypotension, flushing, chest pain, dyspnea—very short ½ life—goes away fast

Ibtilide—not in a class—


-USES—IV for termination of AF or flutter (some K+ binding activity)


-EKG—QT prolongation


-may repeat dose if no rx in 10m

Clinical Implications—

1.  know adverse effects and how to minimize them

2.  tell pt to take med exactly as directed

3.  pt keep all follow-up appts and have blood work performed as recommended

4.  hospitalized pts—know the effects of these drugs on the EKG and monitor rate and rhythm

5.  be wary of drug interactions
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FOR EXAM V

Narcotics—drugs that bind to opiate receptors

--opiates—morphine and codeine (natural products); derived from the opium poppy(bind to opiate receptors in the brain

--opioids—synthetic opiates that bind to opiate receptors in the brain

--narcotic analgesics—drugs that cause pain relief by acting at opiate receptors; opiates and opioids; also a term used by law enforcement to describe any CNS acting drug

--here, the terms “narcotic” and “opioid” will be used interchangeably to describe any drug that binds to opiate receptors

--these are used for moderate to devere pain including—


-potop


-labor pain


-terminal illness (CA)


-pain due to injury


-morphine for MI (pain and reduce venous pooling (by venodilation) to decrease pre-load)(decreas O2 demand of the heart

Definitions—

--tolerance—occurs when a given dose no longer produces the same effect over time


-this is a pharmacologic effect of narcotics


*any long term narcotic pt

--physical dependence—occurs when a pt develops signs and sx of withdrawal (yawn, rhinorrhea, sneezing, sweating, anorexia, irritability, “goosebumps”, weakness, N/V/D, abd cramps, bone and muscle pain, muscle spasms)


-withdrawal is NOT life-threatening


*any long term narcotic pt

--abuse—using the drug for other than pain relief


-psychosocial

--addiction—pt is pre-occupied with obtaining and using the drug for recreational purposes; use of drug interferes with work and interpersonal relationships, and/or self care


-psychosocial—will NOT happen if prescribed for indicated use

--psychological dependence—pt feels they need the drug; they crave the drug

Three types of opiate receptors—

1.  Mu—analgesia, respiratory depression, miosis (pinpoint pupils), sedation, decreased GI motility, tolerance, physical dependence, euphoria

2.  Kappa—analgesia, with less respiratory depression, miosis, sedation, decreased GI motility, tolerance, physical dependence, euphoria, dysphoria, psychotomimetic reactions (hallucination, dellusion, etc)—not good anlgesia compared to Mu

3.  Sigma—psychotomimetic reactions

Types of Narcotics—

1.  agonists at Mu receptors:  morphine (MS Contin), codeine, meperidine (Demerol), hydromorphone (Dilaudid), fentanyl (Sublimaze, Duragesic), propoxphene, oxycodone (Oxycontin), methadone (Dolophine) [longer duration of action—6h—only used in specialized pain control—long ½ life.  

--Morphine and others have a shorter ½ life, therefore a short duration of action (4h).  duragesic is a patch which is useful in CA—apply q3d—10x more potent than morphine

2.  antagonist at opiate receptors:  naloxone (Narcan)—antagonist at Mu receptors 

3.  agonist at Kappa / antagonists at Mu:  pentazocin (Talwin) [ceiling dose], nalbuphine (Nubain), butorphanol (Stadol)


--less euphoria and abuse potential (schedule IV) [as opposed to 1 and 2—schedule II

--stimulation of Kappa gives the analgesic effect


--Talwin and Stadol also bind to Sigma receptors—can cause withdrawal in pts that were taking pure Mu agonists (e.g. morphine)

4.  partial agonist at Mu / antagonist at Kappa:  buprenorphine (Buprenex)


--ceiling effect—don’t use long term(cant produce higher effect after hit ceiling   

5.  combination products—

--opioid plus a non-narcotic pain reliever (usually acetaminophen, but also asa or ibuprofen) to enhance pain relief


--Vicoden, Lorcet (hydrocodone + acetaminophen), Vicoprofen (hydrocodone + ibuprofen)—has anti-infl effects also, Darvocet (propoxyphene + APAP), Percodan (oxydodone + asa), Percocet, Tylox (oxycodone + acetaminophen), Tylenol #3 (codeine + APAP)—APAP = acetaminophen



-the presence of acetaminophen limits the abuse potential—toxic at high dose

“Ceiling Effect”—max dose(many adverse effects and no more therapeutic use—don’t use long term—tolerance and stop having effects


--NO CEILING EFFECT—morphine, fentanyl, hydromorphone, methadone(strong agonists—no max dose

Narcotics used to tx cough and diarrhea—


--not much CNS effect


--all narcotics except Meperidine suppress the cough reflex.  Hydrocodone, codeine, and hydromorphone are sold as cough syrups (narcotic pain relief and cough relief)


--Dextromethorphan is an OTC cough supressant with NO ANALGESIC or toxic effects at recommended doses


--loperamide (Ammodium) is essentially free of narcotic-like effects except for decreasing GI motility and is available OTC for diarrhea


--diphenolxylate plus atropine (anticholinergic) has some CNS effects, and can be abused although the presence of atropine limits abuse potential



-slows GI motility



-can get typical anticholinergic effects



-tx diarrhea

Adverse Effects—


1.  vitals (morphine—hypotension, increase HR)


2.  CNS—euphoria, psychotomimetic (Kappa and Sigma)


3.  constipation (tx of diarrhea, but long term becomes a problem)


4.  urinary retention


5.  miosis (NOT MERPERIDINE)—surgeons like


6.  N/V/vertigo (room spinning)


7.  biliary colic (NOT Meperidine


8.  pain (assess level of relief)

Allergy Vs Pseudoallergy


--pruritis (nose and eyes)


--flushing and injection of site reactione (redness, itching, hives)—common adverse effects of codeine, morphine, and meperidine, and can occur with narcotics as well


--these are NOT allergic rxns and DO NOT preclude the use of these drugs


--sx can be managed by administering an antihistamine


--these pseudoallergies are due to degranulation of mast cells and release of infl mediators


--true allergic rxns with narcotics include—



-bronchospasm



-swelling of lips, mouth, throat



-generalized hives



-maculopapular rash



-these are rare but necessitate use of a narcotic within a different chemical class


--chemical classes—



-codeine, morphine, hydrocodone, oxycodone



-meperidine, fentanyl



-methadone, propoxyphene

Pt info—


-take as directed—do not increase dose on their own


-patient/family member fears about addiction should be addressed


-sedation/dizziness/vertigo—don’t drive when first take

Anesthesia vs Analgesia


--analgesia—loss of sensation to pain (narcotics)—can still feel heat cold etc


--anesthesia—loss of sensation to pain, touch, and temp

Local Anesthetics—

--mechanism—interrupt the transmission of pain impulses from peripheral nerves

--2 types—ester and amide


-Esters—(more likely to cause allergy)—benzocaine (in many OTC preparations), tetracaine (Pontocaine), cocaine (schedule II), procaine (Novocain)


-Amides—lidocaine (Xylocaine), mepivacaine (Carbocaine—dental), bupivacaine (Marcaine, Sensorcaine)

--TAC (tetracaine, adrenaline, cocaine) and XAP (xylocaine, adrenaline, pontocaine) [also called LET (lidocaine, epi, tetracaine)]


--ER—not sold like this


--applied topically prior to suture


--no needle


--must be compounded


--cocaine toxic—esp in kids—if large amounts abs thru oral mucosa

Adverse Effects—


1.  allergy (esters)


2.  CNS—rare—excitation followed by depression’


3.  cardiac effects—rare—bradycardia, heart block, decreased contractility—cocaine causes cardiac stimulation and vasoconstriction

Note—coincidentally, paraben preservatives are esters, and are included in amide anesthetics.  Allergic rxns to amides are usually due to paraben preservatives

EPI (alpha-1 and B-2 agonist)is a vasoconstricter often combined with injectable local anesthetics to:


-limit dose and toxicity


-decrease bleeding


-can cause increased HR, palpitations, nervousness, and HTN, and should be used with caution in pts with heart Dz or on B-blockers

Note—tetraciane—an ocular anesthetic is NOT for home use


--decrease bloinking—dry out/corneal abrasions


--toxic to cornea thru a direct mechanism


--rub and damage eye without knowing it

One more NARCOTIC—


--tramadol (Ultram)



-partial agonist at Mu receptors



-also acts thru serotonin in brain (central effect)



-not a controlled substance but is being abused



-AE—

-euphoria(abuse




-seizures
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ANTIDEPRESSANTS

--different drugs with similar side effects

--Dx of depression—DSM IV (american psychiatric association’s diagnostic and statistic manual of mental disorders, 4th edition)

--the presence of five or more of the following, nearly every day for 2 weeks, causing significant distress or impaired functioning.  Must r/o drug or disease induced sx.  Must r/o bereavement.  MUST include either #1 or #2


1.  depressed mood for most of the day


2.  markedly diminished interest or pleasure in previously enjoyed activities


3.  significant weight loss or gain


4.  insomnia or hypersomnia


5.  psychomotor or agitation or retardation


6.  fatigue / loss of energy


7.  worthlessness or guilt


8.  decreased concentrating ability or indecisiveness


9.  thoughts of suicide or death

--Mechanism of action of antidepressants


--pathophys of depression is unclear


--it is known that(


1.  it can be precipitated by stressful life events



2.  some people are predisposed



3.  social, developmental, and genetic factors are involved



4.  it is associated with functional insufficiency of monoamine neurotransmitters (serotonin, NE, and dopamine)



5.  use of antidepressants to increase these neurotransmitters in the brain alleviate depression



6.  this explanation is far too simplistic


--therapeutic effects of these drugs cannot be fully explained by their effects on these neurotransmitters(


-the effect on neurotransmitters is instantaneous, but it takes several weeks for their full effect to occur



-may be some improvement in the first week, but no full effect until 12 weeks, esp in elderly



-over weeks(antidepressants improve the efficacy of neurotransmission by altering the sensitivity of NE and 5-HT (serotonin)receptors

Classes of antidepressants—know which neurotransmitter they effect and differences b/t classes

--TRICYCLIC ANTIDEPRESSANTS (TCAs)


--tertiary and secondary amines


--inexpensive


--many side effects (sedation, alpha-1 blockade, muscarinic cholinergic receptor blockade, slow conduction and decreased vagal tone, seizure risk, weight gain)


--under-dosed b/c of these se’s


--they work by blocking re-uptake of BOTH NE and 5-HT to varying extents


--important ones to note—



-clomipramine (Anafranil)—high risk of seizures; PRIMARY TX OCD



-nortriptyline—good AE profile, esp elderly



-amitriptyline (Elavil)—old and very well studied


--very dangerous in OD situations (signs and sx(agitation, seizures, coma, hypotension, prolong QT)


--TCAs can be used for chronic pain and migraine prophylaxis


--tertiary amines are more likely to cause orthostatic hypotension than secondary amines

--AMOXAPINE AND MAPROTILINE


--block NE (mostly) and 5-HT re-uptake, but their chemical structures are different


--AE similar to TCAs but less likely to affect cardiac conduction or cause weight gain


--DO NOT give to post-MI, cardiac arrhthmias, or conduction disturbances—even though the cardiac effects are less


--amoxapine—some dopamine receptor blocking activity—esp appropriate sor use if psychotic features of depression


--maprotiline (like clomipramine)—high risk of seizures

--bupropion (Wellbutrin, Wellbutrin SR, Zyban)


--unique b/c it is the only one with the main mechanism of blocking dopamine re-uptake


--high seizure risk


--activating rather than sedating (energy, etc)

--SELECTIVE SEROTININ REUPTAKE INHIBITORS (SSRIs)


--selective inhibition of serotonin reuptake


--first there is a lag period(then they increase the release of 5-HT by downregulation of 5-HT1A autoreceptors

--insert picture(

--much better tolerated than TCAs


--SE—GI (N/V/D)—more common with SSRIs than TCAs


--sertraline (Zoloft)—most likely to cause diarrhea


--paroxetine (Paxil)—

-most likely to cause constipation (blocks some muscarinic receptors)



-most sedating SSRI


--fluoxetine (Prozac)—

-least sedating

-1/2 life is 4d

-active metabolite is norfluoxetine—1/2 life 7d


-accumulates with long term dosing—this is OK(


-large therapeutic window



-large v of d (each dose increases plasma levels minutely)



-mostly bound to albumin, despite large v of d

--SSRIs are VERY safe in OD (even intentional)

--vanlafaxine (Effexor, Effexor SR)—


--potent NE and 5-HT reuptake inhibitor


--can increase diastolic BP in a DOSE-DEPENDENT manner (no big deal)


--GI AE (esp N—start slow) can be a problem (like SSRIs)

--mirtazapine (Remeron)—not on chart


--unique mechanism—

-blocks alpha-2 receptors(increasing NE and 5-HT release (some alpha-2 receptors are also found on serotonin nerve terminals(increase 5-HT)



-BLOCKS 5-HT2A (stimulation causes anxiety, insomnia, sex dysfunction), therefore blocking them causes less of these)



-BLOCKS 5-HT3 (mediates nausea) receptors



-N, anxiety, insomnia, sex dysfunction should be less


--high incidence of ortho hypo, moderately sedating, moderate cardiac (like amoxapine or maprotiline), moderate to high anticholinergic effects


--also causes weight GAIN

--nefazodone (Serzone); trazodone (Desyrel)—


--inhibit 5-HT reuptake and block 5-HT2 receptors and alpha-1 receptors


--trazodone—

-inexpensive with low risk of anticholinergic and cardiac SEs 

-sedating—therefore good to use with SSRIs at night

-lots of ortho hypo—caution in elderly

-only use HS—minimizes risk of falls

--monoamine oxidase inhibitors (MAOIs)—


--block the enzyme responsible for breakdown of NE, 5-HT, and DA


--MAO found in liver, intestinal wall, and nerve terminals



--effective antidepressant—but cause sedation, ortho hypo (most common cause), and anticholinergic effects


--many drug interactions that can cause HYPERTENSIVE CRISIS


--MAOIs are generally reserved to pts who did not respond to other drugs, post traumatic stress disorder, or panic attacks that did not respond to other drugs


--phenelzine (Nardil)—irreverible MAOI (important with food and drug interactions)

AE of ANTIDEPRESSANTS—


-sexual dysfunction (decreasd libido, erectile dysfunction, ejaculatory disturbances, anorgasmia)—lead to noncompliance


-caused by potent 5-HT reuptake inhibition (SSRIs and venlaxafine are worst)


-erectile dysfunction also problematic with TCAs, amoxapine, maprotiline, and mirtazapine—mediated thru muscarinic blockade


--bethanechol may help (cholinergic agonist)


--drug holiday / cyproheptadine (Periactin)—serotonin antagonist—may help with SSRI-associated dysfunction


--alternatives include buproprion and nefazodone (blocks 5-HT2 (mediates sex dysfunction caused by serotonin)


--trazodone (Desyrel)—priapism (unique to it)


--venlafaxine—spontaneous orgasm


--clomipramine—yawn(orgasm

DRUG INTERACTIONS—

MAOIs and any food or drug that can cause release of NE from nerve terminals, inhibition of NE reuptake, or that acts as a vasopressor

1.  limite tyramine-containing food (increases NE)—smoked, aged, overripe, fermented), dopamine containing foods (fava beans), chocolate (phenylethylamine), caffeine (moderate OK)

2.  ginseng (HA, tremors, manic-like reactions)

3.  triptans for migraines (except naratriptan [Amerge])

4.  other antidepressants (some pychiatrists can do it—usu choose tranycypromine)

5.  St. John’s Wort

6.  meperidine (Demerol)—causes serotonin release

7.  dextromethorphan—OTC cough med—serotonin release

SSRIs interact with warfarin (metabolism inhibition) (CYP3A, CYP1A2, CYP2C9), TCAs

1.  inhibitors of CYP3A are fluvoxamine (Luvox), nefazodone (Serzone), fluoxetine (Prozac), sertraline (Zoloft) (+/-)

2.  fluvoxamine inhibits CYP1A2 and CYP2C19

3.  paroxetine inhibits CYP2D6—NO WARFARIN INTERACTION—only one

4.  fluoxetine is a CYP2D6 inhibitor, might be a CYP2C9 inhibitor

--NEW ANTIDEPRESSANT—


--citalopram (Celexa)



-blocks no drug metabolizing enzymes(no drug interactions in regard to metabolizing enzymes

--Ritalin—used in conjunction with SSRIs


--also gives sooner effect—jump start while waiting for SSRI

--Discontinuation Syndrome—


--taper them off


--withdrwal—dizzy, N/D, insomnia, restlessness


--“cholinergic rebound”—very high ACh


--SSRI—abruptly stop(electric shoch type sensations
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Antipsychotics—

--psychosis—inability of a person to function in society (to provide food, shelter, clothing) due to loss of touch with reality, mood instability, and perceptual defects (hallucinations—see things, delusions—fixed false beliefs)

--schizophrenia—a chronic type of psychosis in which there is a cluster of related difficulties in behavior, thoughts and feelings

--positive sx of schizophrenia—agitation, hallucinations, delusions, paranoia, thinking problems, loose associations, ambivalence (simultaneous contradictory thinking), and ideas of reference

--negative sx of schizophrenia—not as obvious—poverty of speech (limited cohrent content), alogia (limited spontaneous conversation), lack of motivation, emotional and social withdrawal, apathy, anhedonia, poor insight and judgement, and blunted affect—these take longer to respond to meds

--pathophysiology of schizophrenia—unknown, but dopaminergic overactivity is thought to be important based on improvement when pts are given drugs that block dopamine receptor, and worsening when pts are given drugs that increase dopamine activity (methylphenidate, LSD, amphetamines, levodopa)

--note that NOT ALL psychosis is caused by schizophrenia.  Psychosis can be ass with a variety of other conditions including infx, bipolar disorder, depression, dementia, and Parkinson’s Dz(hard to treat when coupled with psychosis)

IMPORTANT DA SYSTEMS IN THE BRAIN—


--the mesolimbic and mesocortical systems are the target for antipsychotic effect—they block DA receptors

Location
Function
Effect of blockade

Mesolimbic, mesocortical
Regulates behavior
Antipsychotic effect

Hypothalamic-pituitary
Regulates PRL secretion, temp, appetite, emesis
Increased PRL (galactorrhea, amenorrhea, decreased libido), loss of temp reg (usu increase), increase appetite, anti-emetic effect

Nigrostriatal—most association with Aes—don’t want to hit this
Mediates motor function; coordination of muscle mvt
Extrapyramidal Ses (EPSE); Ses caused by blockade of DA receptors in the nigrostriatal pathway

Reversible—dystonia, parkinsonism, akanthesia

Irreversible—tardive dyskinesia

--Extrapyramidal SEs (EPSE)—


--dystonic reactions—



-earliest onset of all EPSE



-occurs within hours or days of dosage increase or 1st dose



-acute presents as sudden onset of abnl postures, including tongue protrusion, oculogyric crisis (eyes roll back in head), trismus (lock jaw), torticollis (neck spasm), opisthotonus (backward bending of back), laryngeal dystonia (can impair respiration), unusual positions of the trunk, limbs, and toes; severe muscle spasms can cause joint dislocations



-pathophys—unknown; theories include hypoDA statedue to DA receptor blockade; a hyperDA state due to receptor up-regulation; or a sudden change in antipsychotic blood concentration (decrease DA(up regulation(more senitivity(imbalance b/t ACh and DA)


--akathesia—



-subjective feeling of anxiety, restlessness



-pacing, squirming, rocking, inability to sit or stand in one place



-can be confused with worsening of psychosis



-pathophys—adrenergic (NE) NS may be involved



-tx—B-blockers, benzodiazepines, anticholinergics (less effective); change to a low potency agent or decrease antipsychotic dose


--pseudoparkinsonism—



-many features of parkinson’s



-resting tremor



-lead pipe or cogwheel rigidity of the limbs



-akinesia, bradykinesia (reduction in spontaneous activity)



-reduced arm swing, shuffling gait, stooped posture



-drooling



-mask-like facies



-pathophys—blockade of DA receptors in striatum (nigrostriatal path) leads to an imbalance b/t cholinergic activity and DA activity in the striatum



-Tx—anticholinergic drugs Artant, benztropine, diphenhydramine; DA agonists (Amantidine*); lower potency antipsychotic; can resolve spontaneously after several months

*amantidine—antiviral for influenza.  Used in the tx of Parkinson’s Dz and pseudoparkinsonism b/c it causes DA release from dopaminergic neurons in the striatum.  Response to the drug is short-lived (several months).  AE—confusion, anxiety, lightheadedness, anticholinergic effects, and livedo reticularis (harmless mottled skin discoloration)


--tardive dyskinesia (TD)—irreversible—



-up to 15-20% of pts on long term therapy



-characterized by choreoathetoid (twisting, writhing, worm-like) mvts of the tounge, face, trunk, and limbs



-facial tics—blinking, grimacing, chewing



-tongue protrusion—tongue flics out in a fly catching motion



-involuntary mvts of the limbs, toes, fingers, neck, and trunk



-lip smacking, pursing, and puckering



-respiration and eating may be impaired



-pathophys—postulated that in response to chronic blockade, DA receptors in the extrapyramidal system undergo a functional change such that their sensitivity to activation is increased (up-regulation).  Stimulation of these supersensitive receptors produces an imbalance in favor of DA, and therby produces abnl mvts.  This theory is supported by the observation that TD is often unmasked when the psychotic dose is decreased, and that TD can be temporarily decreased by increasing the antipsychotic doses, thereby blocking the supersensitive receptors



-Tx—no reliable tx—prevention is best.  Use antipsychotics at the lowest effective dose for the shortest time possible.  A neurologic evaluation should be done every 3 months.  Also vitamin E shows some efficacy.


--neuroleptic malignant syndrome



-rare, life threatening



-fever, sweating, autonomic instability characterized by fluctuations in BP and arrhythmias, lead-pipe rigidity, altered mental status, seizures, coma, increased CK, increased LFTs, increased WBC



-Tx—d/c antiupsychotic, dantrolene (muscle relaxant—blocks Ca++ release from SR), bromocriptine, pergolide (DA agonists), wait 2 weeks b/f resuming antipsychotic use, use least effective dose, avoid high-potency agents, clozapine is a good choice


--note that neuroleptic malignant syndrome is similar to “serotonin syndrome” which is a risk of combining two or more serotonergic drugs (e.g tryptan to tx migraine in a pt on SSRI).  With serotonin syndrome, pts can also present with hyperreflexia and myoclonus.  Serotonin syndrome is treated with serotonin antagonists including cyprohepatadine, and methysergide.

OTHER ADVERSE EFFECTS OF ANTIPSYCHOTICS—


--seizures (esp clozapine), agranulocytosis (stop making WBCs—esp. clozapine), phototoxicity and skin discoloration, esp with low potency agents

--pharmacologic profile of the antipsychotics—


--all block DA receptors—central mechanism of action


--all, to varying extents, block other receptors—cholinergic muscarinic, histaminic, alpha-1 (ortho hypo)


--atypical or newer antipsychotics additionally block 5-HT2 receptors

Blockade of receptor
Effect of receptor blockade

D1
Antipsychotic activity, decreased EPSE

D2—main culpret
Antipsychotic activity, EPSE—main

D4
Antipsychotic activity, EPSE

Histamine
Sedation, weight gain

Alpha-1
Orthostatic hypotension

Muscarinic
Dry mouth, blurred vision, dry eyes, urinary retention, constipation

Serotonin (5HT2)
Decreased EPSE, beneficial for negative Sx

Three categories of antipsychotics—


--traditional or typical high potency


--traditional or typical low potency


--atypical or newr (can be high or low potency)

--traditional high potency—


--Haldol


--Prolixin


--Navane


--Stelazine*


--Trilafon*


--Moban*


--Loxitane*

*sometimes referred to as medium potency—AE profile b/t high and low 


--high potency agents block DA receptors (main mechanism), but do not block other receptors (muscarinic, alpha-1, histamine) to the extent that the low potency agents do


--more likely to cause mvt disorders

--traditional low potency—


--Thorazine


--Mellaril


--Serentil


--these block DA, histamine, alpha-1, and muscarinic cholinergic receptors


--less likely to cause mvt disorders (they have built in anticholinergic effects—keep ACh and DA in balance), but are more likely to cause anticholinergic effects, orhto hypo (watch out in elderly), weigh gain, sedation than high potency

--atypical or newer—


--Clozaril—low potency—high seizure risk / agranulocytosis—blood work


--Risperdal


--Zyprexa


--little or no EPSEs possible b/c they(


-affect D1 or D4 receptors selectively



-affect limbic DA receptors selectively over striatal DA receptors



-block serotonin receptors

Lithium—NOT an antipsychotic—


--mood stabilizer—Tx bipolar disorder


--up to 2 weeks to work, so in acute manic episode, other drugs are used along with it to control the pts mood and behvior (antipsychotics, benzodiazepines)


--in combo like that it can cause neurotoxicity characterized by neuromuscular sx, fever, cognitive problems, and alterations in levels of consciousness


--methyldopa (sedation, dysphoria, confusion), verapamil and diltiazem (neurotoxicity), and SSRIs (prozac worst) (nausea, tremor) can also interact with lithium.  SSRIs can cause serotonin syndrome when used with lithium because lithium can cause serotonin receptor stimulation


--lithium is a monovalent cation like Na+


--kidney handles them both the same way


--results in drug interaction b/t lithium and loop and thiazides—they block sodium reabsorption(parts of the tubule distal to their sites of action compensate by increasing the amount of Na+ that is resorbed


--also cause volume depletion, which also stimulates tubular Na+/lithium resorption


--can result in lithium toxicity


--other causes of increased lithium concentration(


-low Na+ diet (stim of resorption of Na+)



-dehydration (volume depletion)



-ACE inhibitors—decrease RBF(resorb more Na+


-lithium blocks ADH on the collecting duct of the kidney(nephrogenic diabetes insipidus



-amiloride (K+ sparing diuretic) can be used to block lithium from entering the tubular cells



-don’t know if lithium causes chronic renal failure



-other adverse effects of lithium(



-increased WBC




-diarrhea




-hyperglycemia




-weight gain




-hypothyroidism (interferes with iodine incorporation into thyroid hormone, decreases secretion of thyroid hormone, interferes with conversion of T4(T3), fine tremor (Tx with propanolol), foliculitis, epigastric distress (heartburn), and cognitive effects


-lithium toxicity(nausea, vomiting, diarrhea, confusion, apathy, lethargy, muscle weakness, unsteady gait, drowsiness, seizures, stupor, coma, CV collapse, course tremor, slurred speech


-Pg—Ebstein’s anomaly with first trimester use(tricuspid valve problem in baby—easily repaired

note(

--down reg caused by agonists / stim of receptor


--up reg caused by antagonists(increased sensitivity to stimulation
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 BENZODIAZEPINES AND OTHER DRUGS FOR ANXIETY AND INSOMNIA

--sedative—drug used to relieve anxiety; can also be hypnotic

--hypnotic—drug used to promote sleep

Chloral Hydrate—

--a general CNS depressant

USES—


--pre-medicine to procedures (radiologic—CAT, MRI)—particularly in kids


--hypnotic for insomnia (not used for this that much)

CAUTIONS—


--LT(tolerance, physical dependence, and abuse


--therapeutic range is very narrow—effective dose close to toxic


--check dose very carefully / single dose of NO MORE than 1g given to a child NO MATTER WHAT


--allow 30-45min for drug to take effect(can result in OD if not followed


--2 different strengths—250mg/teaspoon (hospital); 500mg/teaspoon (pharmacy)—order in mg, not mL/teaspoon


--monitor kids who are sedated with pulse ox—not allowed to go home until alert and oriented x3


--swallow capsules whole / syrup needs to be diluted in juice—very strong

BARBITUATES—

--mechanism—agonists at GABA receptors in brain—(GABA =CNS depressant neurotransmitter)

--USES—



--sedative (phenobarbital)



--hypnotic (phenobarbital, secobarbital)



--treatment of seizures (phenobarbital)



--general anesthesia (thiopental)


--CAUTIONS—



--tolerance, physical dependence, abuse potential; narrow therapeutic index limits its use



--phenobarbital—IV for seizures—give to rapid—hypotension—rate no greater than 60-100mg/min



--potent enzyme inducers (esp phenobarbital)




-decrease plasma concentration of many drugs

BENZODIAZEPINES (BZD)—


--benefits over first two—more often use


--MECHANISM—BZDs are drugs that potentiate the effects of gamma aminobutyric acid (GABA), an inhibitory neurotransmitter. BZDs DO NOT act as GABA receptor agonists (don’t bind directly); they act only by intensifying the effect of GABA that’s already there


--USES—



--broader therapeutic index than previous



--insomnia



--generalized anxiety d/o



--panic attacks



--pre-op/procedure sedation; amnestic effect—forget perioperative period



--tx seizure d/o



--tx muscle spasms / spasticity



--tx etoh withdrawal (phenobarbital too—BZD DOC)



--used with other drugs for N/V from CA chemotherapy


--ADVANTAGES COMPARED TO BARBITUATES—



--tolerance, physical dependence, abuse potential less than with barb’s / chloral hydrates



--not as toxic in OD than previous ones b/c respiratory depression is less

BZDs
Common uses

*diazepam (Valium)
Anxiety, seizures, anesthesia

*chlorodiazepoxide (Librium)
Anxiety, etoh withdrawal

* lorazepam (Ativan)
Anxiety, seizures, etoh withdrawal

Clonazepam (Klonopin)
Seizures, anxiety

Alprazolam (Xanax)
Anxiety

Zolpidem (Ambien)
Sleep

Triazolam (Halcion
Sleep

* = IV / IM formulations available


--watch out for long D of A—hangover in AM—disoriented

--long acting BZDs (diazepam and chlorodiazepoxide—long ½ life) should generally be avoided in favor of shorter acting BZDs b/c they can accumulate and cause significant motor and cognitive impairment.

FLUMAZENIL (ROMAZICON)—


--used to reverse the effect of BZD; it is a BZD receptor antagonist


--USES—



--reverse anesthesia for Benzos



--reverse accidental OD in a hospital situation


--INAPPROPRIATE USES—



--if pt ODd on unknown ingestant




--flumazenil—risk of seizures(don’t use unless you know



--TCAs have high risk of seizures in OD—don’t use—seizure risk and may be combative when wake up

BUSPIRONE (BUSPAR)—VERY DIFFERENT


--anti-anxiety drug


--blocks 5-HT2 receptors (mediates anxiety)


--differs from benzos in that—



--no sedation



--no abuse potential



--no intensification of other CNS depressants—etoh, etc



--1-2 weeks to take effect—not PRN

--prescribing / monitoring implications for sedatives / hypnotics—ALL


--educate pts and prescribe drugs appropriately—e.g. insomnia for occasional use only



--for anxiety—take exactly as directed—works better when taken consistently



--Buspar—1-2 weeks for effect



--don’t drive or perform hazardous tasks until you know the effect



--warn against abrupt discontinuation of drug—withdrawal syndrome—CAN be life threatening



--assess pt for suicidal idealation(don’t give



--alert for abuse signs—early refills / different DRs



--review pts med list for other drugs that cause CNS depression—e.g. narcotics—additive effect
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For Exam VI

NSAIDS and other non-narcotic analgesics—

--nomenclature of the non-narcotic analgesics—


--aspirin and the non-acetylated salicylates are salicylates


--some texts include salicylates as NSAIDS

--acetaminophen is neither a salicylate nor an NSAID—it is in a class by itself


--USES—



--pain (all three)



--fever (all three)



--inflammation (NOT acetaminophen)



--menstrual cramps (NSAIDS best)



--RA (NSAIDS, high dose asa)



--osteoarthritis (APAP—DOC, NSAIDS also help)



--gout (indomethacin—a specific NSAID)

--prostaglandins—all these drugs inhibit them to varying degrees—


1.  cause pain and infl


2.  protect stomach from gastric acid


3.  cause fever


4.  cause uterine contractions (menstrual / labor)


5.  maintain RBF by dilating the afferent arteriole

--thromboxane—


1.  cause platelets to aggregate and vasospasm

--leukotrienes—NOT INHIBITED BY THESE DRUGS


1.  cause bronchospasm


2.  involved in anaphylactic shock

--Mechanism—


--inhibition of cyclooxygenase (COX), the enzyme responsible for prostaglandin synthesis

cell membrane phospholipid--------phospholipase----------(arachadonic acid

AA--------COX (NSAIDS work here)---------(prostaglandins and thromboxane

          |

          |

          |

         (
lipoxygenase (not acted upon by NSAIDS)----------(leukotrienes

Two types of COX—


1.  COX-1



--found in all cells (the “good” COX)



--preserves RBF 



--protects gastric mucosa from acid


2.  COX-2



--inflammatory and immune responses



--the “bad” COX



--not present at all times—present during injury

--non-narcotic analgesics inhibit both COX-1 and COX-2 except for Celebrex and Vioxx which are relatively selective for COX-2

--other COX-2 inhibitors will be available soon

Non-narcotic analgesics have varying effects on platelet function—


--aspirin—

-irreversibly blocks COX, and thus thromboxane synthesis, in platelets 



-has the most effect on platelets because it is acetylated


--NSAIDS—



-reversible blocks COX, and thus thromboxane synthesis, in platelets


--APAP—



-no effect on COX in platelets

*ASA is the only one that is used in the prevention of strokes and MI because it COMPLETELY knocks out platelets

ACETAMINOPHEN—


--works only on COX in the CNS


--reduces pain and fever, but NOT inflammation


--available alone or in combo with narcotic analgesics


--MAXIMUM DOSE—



-4grams/day (5-6 OK for a few days if no liver Dz)



-no more than 2-3g/d if pt has liver Dz, malnourished, etoh


--APAP toxicity in OD (and why it is reduced in etoh / malnourished pts)(


-metabolized by CYP2E1 (phase I) to a TOXIC metabolite



-the toxic metabolite can cause permanent liver damage, renal failure, and death



-normal dose(the toxic metabolite is detoxified thru phase II by conjugation with glutathione



-liver glutathione stores are limited and can be overwhelmed in OD, and even normal doses in the above listed pts



-etoh also induces CYP2E1(even MORE of the toxic metabolite is produced in etoh



-use APAP carefully if you indulged in etoh

APAP--------------other metabolic pathways----------(nontoxic metabolites

    |

    |

    |

    |

   (
minor pathway--------CYP2E1 (inducible by etoh)------------(toxic metabolite










|










|








              glutathione (limited stores)

|










|









           (








non-toxic metabolite

Reye’s Syndrome—AE of non-narcotic analgesics—only ASA


--rare, serious, kids


--vomiting, progressive CNS damage, hepatotoxicity, hypoglycemia


--ASA use in kids and teens—esp with chicken pox / influenza-like illness


--NSAIDS and APAP are safe

NSAIDS have AE mostly b/c they inhibit COX


1.  GI bleeding (less COX in stomach)


2.  N/D, heartburn, abd pain (COX-1)


3.  renal impairment (COX-1)


4.  inhibition of platelet aggregation, causing bleeding / bruising (thromboxane)


5.  hepatotoxicity—rare


6.  CNS (HA, confusion, cognitive problems)—low incidence

ASA—AE same as NSAIDS but MORE platelet inhibition and GI bleeds

Non-acetylated salicylates—same SEs as NSAIDS, but less incidence

AE that are problematic specifically with certain NSAIDS—


--GI bleeds—piroxicam (Feldene), diclofenac (Cataflam, Voltaren), naproxen (Anaprox, Aleve, Naprosyn), indomethacin (Indocin), ketorolac (Toradol, Acular)


--RF for NSAID-associated bleeding—elderly, female, ulcer hx, corticosteroid use (also inhibits COX)


--protection—misoprostol (Cytotec)—synthetic prostaglandin used to replace GI prostaglandins—not for use in Pg; diarrhea in 25-40% of pts


--Arthrotec (diclofenac + misoprostol)


--CNS—indomethacin (HA-10%, vertigo, lightheadedness, depression, fatigue, confusion, psychosis, dizziness, drowsiness)


--kidney—indomethacin, fenoprofen (Nalfon) [allergic](interstitial nephritis


--liver—less common—diclofenac, sulindac (Clinoril), proxicam



-not dose dependent—APAP OD is

Certain NSAIDS may be better for some pops and worse for others


--elderly—avoid indomethacin (CNS), piroxicam (1/2 life > 24h; GI bleeds)


--best choices for elderly, CHF, renal dz (including DM), GI bleeds(

-non-acetylated salicylates (salsalate, sodium salicylate, magnesium salicylate, choline salicylate), APAP, sulindac* (Clinoril), nabumetone** (Relafen), etodolac*** (Lodine), celecoxib**** (Celebrex)

* prodrug with no active metabolites—less effect on GI and kidney

** prodrug with no active metabolites and is relatively selective for COX-2 (good)

*** has minimal effect on GI COX (more selective for COX-2)

**** COX-2 inhibitor (at present, FDA will not allow special labeling to reflect this b/c it has not been clinically proven to have less AEs than other NSAIDS)

--ibuprofen (Motrin)—


-well tolerated


-inexpensive


-good NSAID choice for most pts


-good 1st line NSAID, especially for injuries

“Allergic” Reactions—(not really)

 
--bronchospasm with NSAIDS or ASA—pts with asthma, allergies, nasal polyps, chronic urticaria


--these pts can usually tolerate salsalate / ASA


--not a true allergy—2ndry to COX inhibition(increase the production of leukotrienes(bronchospasm in susceptible individuals


--these pts have same rxn to FD&C yellow #5 (tartrazine) which also inhibits COX

True Allergies—


--rash, hives, difficulty breathing, rhinitis, circulatory collapse


--if allergic to one, usually allergic to another

ASA and platelet inhibition—


--platelet inhibition persists for life of platelet—week or so


--discontinue one week prior to elective surgery


--use 50-325mg/d for primary (reduce risk of MI in CAD), prevention of MI, stroke, and death in people over 50 who are at risk for MI (DM, smoking, hypercholesterolemia)


--use 70-325mg/d for 2ndry stroke prevention, pts with TIAs, pts with angina, or previous MI

Pharmacologic Differences—


--wide range of ½ lives(just know that they are different


--piroxicam—35-79h


--oxaprozin (Daypro)—50-60h


--ibuprofen—1.8-2.5h


--naproxen—12-16h


--indomethacin—3.9-5.3h


--diclofenac (Voltaren, Cataflam)—0.9-1.3h

Dosage Forms—


Some drugs with relatively short ½ lives are available in sustained release preparations—just be familiar


--Indocin SR (indomethacin)—QD vs TID


--Naprelan (naproxen)—QD vs BID


--Voltaren-XR (diclofenac)—QD instead of BID or TID

--some drugs are formulated as enteric-coated formulation(designed to release the drug in the si in an effort to minimize GI toxicity


--EC-Naproxen


--Voltaren


--enteric coated asa

--there are 2 parenteral NSAIDS—


-ketorolac (Toradol) IM/IV for acute pain; use limited to 5d due to GI ulceration and kidney toxicity


-indomethacin (Indocin IV)—for premature newborns with patent ductis arteriosus—dose is too small for any other use

--Suppositories—


--ASA


--APAP


--indomethacin

--Eye Drops—


--Acular (ketorolac)—seasonal allergic conjunctivits and after cataract surgery

--Buffered ASA—


--tablets (Bufferin) as well as effervescent tablet (Alka-Seltzer)


--the amount of alkali (magnesium and/or aluminum salts) in buffered asa tablets is insufficient to significantly raise the stomach pH.  An equivalent effect on stomach pH an be obtained by taking the asa with water or food.  However, buffered asa may dissolve a little faster than regular asa—because it is ionized


--Alka-Seltzer contains sodium bicarb, which has more buffering capacity than magnesium or buffering salts.  The high sodium content may be detrimenal to pts on a sodium restricted diet

OTC Products—


--ASA, APAP (Tylenol), ibuprofen (Advil, Motrin IB, Pediaprofen), naproxen (Aleve), ketoprofen (Orudis KT, Actron)


--there is now a warning on acetaminophen (hepatotox) and NSAIDS (GI bleeds)—for anyone who has consumed three or more etoh beverage per day to talk with their doctor b/f taking the product

Drug Interactions—


--NSAIDS and salicylates—increase lithium levels by decresing RBF, thus stimulating Na+ and lithium reabsorption


--antihypertensives—NSAIDs increase Na+ and H2O reabsorption  by decreasing RBF, thus increasing BP


--Warfarin—ASA, and to a lesser extent NSAIDs, non-acetylated salicylates, and APAP increase bleeding risk(MONITOR


--corticosteroids—(antiinflammatory drugs that also impair prostaglandin synthesis)(increased risk of GI bleeds with NSAIDS and ASA; use MISOPROSTOL in these pts

Corticosteroids—


--mimic actions of endogenous cortisol, produced by adrenal cortex


--PHYSIOLOGIC ACTIONS OF CORTISOL AND CORTICOSTEROIDS—



1.  CHO metabolism(stimulate GNG, reduce peripheral utilization of glucose, promonte glucose storage (in the form of glycogen)



2.  protein metabolism—promote protein breakdown, thinning of skin, muscle wasting, interferance with collagen production leading to BV weakness and easy bruising



3.  fat metabolism—promote lipolysis and redistribution (potbelly, moon facies, buffalo humping on the back)



4.  hematologic—demargination of PMNs (looks like increased white, but not really—just easier to measure



5.  CNS—depression, lethargy, irritability, psychosis, euphoria, insomnia



6.  respiratory system in neonates—fetal lung maturation


--corticosteroids have antiinflammatory effects


--inhibit COX and phospholipase, prevent neutrophils from leaving the vasculature and going to the site of inflammation, impair attachment of antibodies and complement to antigens, interrupt cell-cell communication by interfering with cytokine production, impair neutrophil superoxide production.

--corticosteroids have both glucocorticoid (listed above—cortisol-like) and mineralocorticoid (aldosterone-like) effects(sodium and fluid retention


--various systemic corticosteroids (available PO, IM, IV)(

Relative potency
mineralocorticoid
½ life

Dexamethasone
0.75mg
0
>24h

Methylprednisolone
4mg
0
12h

Prednisone
5mg
+
24h

Hydrocortisone
20mg
++(Na+and fluid retention—most)
8h

Betamethasone
0.6-0.75mg
0
>24h




*important for switching




formulations

*when a pt is on these drugs for more than 2 weeks(it suppresses endogenous cortisol production (at the hypothalamus—watch out for atrophy of the adrenal cortex)(give a cortisol-free interval

USES—


-prednisone—PO—asthma, contact dermatitis (poison ivy)


-methylprednisolone—IV—pulse dosing for autoimmune dzs such as SLE and MS; oral dose for contact dermatitis (Medrol Dosepak)—tapering dose


-hydrocortisone—use in Addison’s (increases mineralocorticoid activity); topical for contact dermatitis; diaper rash; hemorrhoids


-betamethasone (Celestone)—parenteral—contact dermatitis, joint and soft tissue injections (RA, OA, gout, bursitis, tendinitis, tennis elbow, plantar fascitis, CPT), fetal lung maturation(administer to mom in times of premature labor risk(increase baby surfactant production to prevent ARDS


-fludocortisone (Florinef)—mainly a mineralocorticoid used to tx Addison’s, usually along with hydrocortisone; used to tx idiopathic orthostatic hypotension—titrate based on pts BP and ability to stand up (elderly)

Corticosteroids must be tapered off slowly if pts have been on them for more thn two weeks b/c the adrenal glands get suppressed with LT use.  Every other day use minimizes this.  Prednisone is the logical choice for QOD dosing (D of A is 24h)

Nasal Steroids—REFERENCE—NOT ON TEST


-role in therapy—persistent syndromes with nasal congestion prominent, but help with ocular sx too, by improving nasal drainage


-more effective than oral antihistamines in controlling all sx of rhinitis


-additive benefit with antihistamines


-relieve nasal sx in at least 90% of pts if used correctly


-efficacy similar


-aqueous solns may be more comfortable


-QD may improve compliacne but all can be given BID


-full benefit not seen for 3-14d


-some manufacturers promote their product as having a faster onset of action


-aqueous formulations minimize burning, stinging, and irritation, but are more likely to cause nasopharyngeal drainage

Drug bioavailability
Dose/spray
Formulation
Dose/nostril
Bioavailability

Beclomethasone (Beconase, Beconase AQ, vancenase, pockethaler, vancenase AQ DS)
42mcg

84mcg
Aqueous/freon
1 BID-QID (freon)

1-2BID (Beconase AQ)

1-2QD (DS)
17%

Budesone (Rhinocort)
32mcg
Freon
2 BID or 4QD
11%

Flunisolide (Nasarel, Nasalide)
25mcg
Aqueous/propylene

Glycol/polyethylene glycol; acdic pH
2 BID-TID
20-50%

Fluticasone (Flonase)
50mcg
Aqueous
2QD or 1BID
<2%

Mometasone (Nasonex)
50mcg
Aqueous
2QD
<0.1%

Triamcinolone (Nasacort, Nasacort AQ)
55mcg
Aqueous/freon
2-4QD
? but is detectable in plasma

*don’t think this table is on test!

Topical formulations of corticosteroids in psoriasis—


--clobetasol—most potent topical—most SEs


--potency of topicals depends on salt form (e.g. betamethasone dipropionate is more potent than betamethasone valerate)


--vehicle—ointment > cream


--hydrocortisone is least potent and least toxic


--high potency steroids should not be used on the face (clobetasol)(thin skin, easy bruising—like Cushing’s

common AE of cortico LT use(osteoporosis—50% of pts—very predictable—put on Ca++, vitamin D


--other AEs—cataracts, adrenal suppression, increased BS

Gout—


-an inflammatory d/o characterized by hyperuricemia and episodes of severe joint pain due to precipitation of uric acid crystals in the synovial fluid.  Big toe most common


-indomethacin—NSAID—effective and most commonly used


-allopurinol—used to PREVENT gout attacks—inhibits xanthine oxidase, the enzyme responsible for formation of UA


-probenecid—prevent gout by inhibiting reabsorption of UA from the urine; it also inhibits active secretion of PCN INTO the urine and can be used to increase PCN levels in the outpt tx of neurosyphillis


-colchicine—anti-inflammatory drug used to TREAT (0.5-1.2 mg repeated every 1-2h until 8mg is reached or pt vomits) and PREVENT (0.5-1mg/d) gout



-works by inhibiting leukocyte microtubules so they cannot migrate to the joint space(therefore cant cause infl



-very toxic(GI problems

HISTAMINE BLOCKING DRUGS

--histamine is formed from the amino acid histidine


--found in skin, lungs, CNS (can act as a neurotransmitter), and GI tract


--stored in mast cells in tissues and basophils in blood


--central role in allergic rxns (dilates small BVs, makes capillaries leaky, causes itching and pain), and stomach acid secretion


--released from mast cells and basophils in response to exposure to allergens

STEPS IN ALLERGIC RXN—


--exposure to antigen (allergen)


--production of specific IgE


--IgE binds to mast cells and basophils


--person gets re-exposed to the allergen


--binding of allergen to mast cell/basophil-bound IgE


--degranulation of cell, releasing histamine and other inflammatory mediators (prostaglandins, leukotrienes)(allergic rxn

--some drugs directly stimulate mast cells to degranulate WITHOUT the presence of IgE (i.e. without the pt being allergic to the drug)(e.g. morphine, codeine, meperidine (Demerol), and vancomycin

--two types of histamine receptors(H1 and H2

H1—allergic rxns

H2—causes gastric acid secretions; can also be involved in allergic reactions

*H1 receptors are involved in allergic reactions and H2 receptors are involved in PUD

H1 BLOCKERS—


--USES—



-seasonal rhinitis, allergic conjunctivitis, chronic urticaria


--1st Generation—SEDATING—claim to fame



-most available OTC



-often in combo with decongestants (pseudoephedrine / phenylpropanolamine), APAP / ibuprofen for pain, dextromethorphan for cough, and/or guafenesin (expectorant / mucolytic)



-block histamine receptors and also have antimuscarinic effects (anticholinergic)



-cross BBB and are sedating



-examples OTC—




-chlorpheniramine (Chlor-Trimeton), diphenhydramine (Benadryl), triprolidine (found in Actifed, along with pseudoephedrine), brompheniramine (Dimetane), clemastine (Tavist)



-examples of 1st generation prescription antihistamines—




-hydroxyzine (Vistaril, Atarax), certizine (Zyrtec), astelazine (Astelin)



special notes—




-certirizine is the active metabolite of hydroxyzine—very sedating—use also anxiolytic—alternative to BZDs




-astelazine (Astelin) is a nasal spray—systemic abs does occur and it is fairly sedating


--2nd Genertion—NON-SEDATING



-prescription only



-examples—fexofenadine (Allegra), loratadine (Claritin)

H2 BLOCKERS—


--rantidine (Zantac), cimetidine (Tagament), nizatadine (Axid), famotidine (Pepcid)


--all available OTC for heartburn


--prescription uses include PUD and GERD


--Tagament is the most problematic(antiandrogen SEs (impotence, decreased libido, gynecomastia



-also CNS effects, including confusion, hallucinations, and CNS depression (lethargy, depression)



-it is an enzyme inhibitor—and can inhibit the metabolism of many other drugs, particularly at higher doses


--dose reduction is required for all th H2 blockers in renal failure (many elderly patients)

GASTROINTESTINAL

--antacids


-aluminum hydroxide—malox/milanta


-magnesium hydroxide—malox/milanta


-calcium carbonate—rolaids/tums


-sodium bicarbinate—alka-seltzer

--mechanism of action—


--these are bases so they are alkaline compounds that neutralize stomach H+’s (increase pH)

--uses—


--sx relief of heartburn / dyspepsia


--PUD / GERD but need high doses


--prevent stress ulcers—keep gastric pH increased to a certain number


--calcium supplements

--AEs—


--aluminum hydroxide—constipation / accumulation of aluminum in renal dz


--diarrhea—magnesium hydroxide


--sodium bicarbonate—Na+ overload—watch out in CHF / HTN

--drug interactions—


--decrease absorption of tetracycline antibiotics and quinolones—separate dose by several hours


--decrease efficacy of sucralfate (Carafate)—tx PUD and esophageal ulcers caused by GERD by binding and coating ulcers—separate dose by several hours


--aluminum can accumulate in pts with renal dz and cause bone dz


--magnesium can accumulate in renal failure

Other Drugs For GERD and PUD

--Proton Pump Inhibitors


-Omeprazole (Prilosec), lansoprazole (Prevacid)


-mechanism—



-block hydrogen secretion from parietal cells in stomach—very potent and irreversible


-uses—



-GERD, PUD


-drug interactions—



-Prilosec may increase levels of valium, phenytoin, and warfarin

--H2 Receptor Antagonists


-cimetidine (Tagament), ranitidine (Zantac), famotidine (Pepcid)


-mechanism—



-block histamine 2 receptors in the stomach (mediate acid secretion)


-drug interactions—



-Tagament inhibits the metabolism of many other drugs including phenytoin, theophylline, warfarin, procainamide, TCAs, propanolol and some other B-blockers, some narcotics, others


-AEs—



-most common with Tagament and include(HA, mental status changes, gynecomastia, impotence, small increase in serum creatinine that is not due to renal impairment

--sucralfate (Carafate)


-mechanism—



-coats ulcer craters


-AEs—



-contstipation, contains aluminum (avoid in renal failure)

--laxatives—


--laxatives that take 1-3d to work and produce soft stool:


1.  bulk-forming laxatives [methylcellulose (citrucil), psyllium (Metamucil), polycarbophil (FiberCon)]; most physiologic; absorbs water



uses—




-occassional constipation, diverticulosis, IBS, ileostomy or colostomy pts, most physiologic


2.  stool softeners (amollients) [docusate (Colace)]—facilitates mixing of stool and water



uses—




-daily use to prevent or treat opioid-induced constipation (always use stool softener with chronic use), occasional constipation, post-op or post-MI


3.  lactulose (Chronulac)—main use in liver dz



uses—




-enhance intestinal elimination of ammonia in pts with liver dz


--laxatives that take 6-12h to work and produce a semifluid stool:


1.  stimulant laxatives—bisacodyl tablet (Dulcolax), senna, casgara sagrada



-mechanism—




-stimulate peristalsis



-uses—




-occasional constipation; Dulcolax tablets are often part of pre-diagnostic procedure prep; Dulcolax more effective than senna or cascara



-cautions—




-Dulcolax tablet is enteric coated to prevent gastric irritation(do not chew, crush, or break; wait at least 1h after milk or antacids


2.  osmotic laxatives—magnesium hydroxide (Philip’s milk of magnesia)



-mechanism—




-draws water into colon



-uses—




-occasional constipation



-cautions—




-Mg content high—can accumulate in renal / dialysis


--laxatives that work in 2-6h and produce watery stool:


1.  osmotic laxatives—sodium phosphate / sodium biphosphate (Fleet’s phosphasoda enema), magnesium citrate; draw water into intestine



-uses—




-draw water into intestine



-caution—phosphate and magnesium are always a concern in renal failure—esp. dialysis(AVOID


2.  polyethylene glycol-electrolyte solution (GoLYTELY,  CoLyte):  draw water into intestine



-uses—draw water into intestine—use pre-procedure—gallon jug


--laxatives that work in 15 minutes:


1.  stimulant laxative—bisacodyl suppository(quicker than tablet—work in 15m



-uses—pre-op or pre-diagnostic study prep; severe constipation


--other laxatives—glycerin suppositories and mineral oil



-mechanism—lubricate GI tract



-cautions—mineral oil can be aspirated and cause lipid pneumonia




-abs into bloodstream can cause depostion of mineral oil in the liver (concurrent docusate use may enhance abs and deposition of mineral oil)




-glycerin suppositories work in 30m

Laxative Abuse—eating d/c; elderly

--elderly think daily bowel movement is necessary


--empty GI out(no bowel movement 3-5d(think constipated(take more


--consequences—lyte imbalances, dehydration, diminished colonic peristalsis

Antidiarrheals—

-tincture of opium—solution with codeine and morphine


-morphine binds to opiate receptors in the gut(decrease peristalsis

-loperamide (Imodium AD)


-decrease peristalsis by binding to opiate receptors in the GI tract


-low CNS effects

-diphenoxylate / atropine (Lomotil)—schedule V


-decrease peristalsis by binding to opiate receptors in the GI tract


-atropine prevents abuse / decrease GI peristalsis


-more CNS effect and abuse potential than Imodium AD

Kaolin/pectin (Kaopectate)—safest


-absorbents that bind to bacteria, toxins, and irritants in the GI tract


-may decrease Digoxin absorption


-side effects—many



-pts that have bacterial diarrhea should not decrease peristalsis—this will keep the bacteria inside longer(they can increase in number and enter blood(sepsis





Higher Cortical Centers





-see something that makes you vomit
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CTZ—4th ventricle—chemoreceptor trigger zone





-not protected by BBB(any toxin can get there





-opiate, DA, 5-HT





-chemo induced vomiting

ANTIEMETICS—


-promethazine (Phenergan), prochlorperazine (Compazine)


-uses—




-N/V due to viral GE, chemo, post-op N/V



-mechanism—




-block DA receptors in the chemoreceptor trigger zone (CTZ)


-serotonin receptor (5-HT3) Antagonists—


-ondansetron (Zofran), granisetron (Kytril)




-uses—





-prevention of chemo-induced N/V and post-op N/V—most effective





-better at prevention than treatment




-mechanism—





-block serotonin receptors in the chemoreceptor trigger zone (CTZ) and some GI tract itself


-anticholinergics—scopolamine (TransdermScop)—patch b/h ear, Dramamine, meclizine (Bonine, Antivert)



-uses—most effective for motion sickness



-mechanism—




-blocks muscarinic cholinergic receptors in the pathway from the inner ear to the vomiting center (vestibular apparatus)


-other antiemetics used for preventing chemo-induced N/V(Haldol, Ativan (nothing to do with the vomiting center—just helps with the thought of vomiting), dexamethasone (Decadron), metoclopramide (Reglan)—block DA receptor in cortical center and keeps peristalsis going), dronabinol (Marinol)—CNS and appetite

Gastrointestinals used in the treatment of poisoning—


--call the poison center—


--activated charcoal—



-charcaol woth very high s.a.



-does not abs all drugs (iron, lithium—b/c they are just cations)



-repeated dosing for drugs that undergo enterohepatic recirculation (TCAs, dig)—otherwise just one dose


--Syrup of Ipecac—



-emetic(CTZ(V



<1h post ingestion



-should be used at home only after consultation with the poison center



-not for CNS depressants, seizures (TCAs), caustic ingestants (Draino), hydrocarbons (gasoline), foreign body ingestions



-may interfere with subsequent antidote administration—acetylcystein in APAP PD

Clinical Implications

--don’t use antidiarrheals that decrease peristalsis in pts with E. coli, Shigella, Salmonella, or C. difficile

--screen for drug interactions with cimetidine—



-hint—most drugs with narrow therapeutic ranges—for which we monitor levels can interact with it in a clinically significant manner

--monitor for laxative induced diarrhea / lyte disturbances

--pts keep ipecac syrup on hand(only use if poison center says ok

--no sucralfate in renal failure

--sucralfate works best in acidic env—don’t prescribe with antacids, H2 blockers or PPIs
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RESPIRATORY DRUGS—


--same meds for COPD and asthma but a 1st line for COPD is a last line for asthma

ASTHMA—


-a chronic inflammatory d/o of the airways (use anti-inflammatory)


-allergens(leukotrienes, histamine, prostaglandins from mast cells(bronchospasm, infiltration and activation of infl cells (leukocytes, eosinophils, macrophages)(airway edema, mucus plugging, smooth muscle hypertrophy, and bronchial hyperreactivity


-airway obstruction IS reversible

COPD—


-bronch/emph


-chronic lung dz characterized by destruction of nl lung tissue; SOME inflamation (i.e. reversible to SOME extent)


-may have an asthmatic component

BETA AGONISTS—


-mechanism—bronchodilation via beta-2 receptors


-AE—some tachycardia and tremor


-route—



-MDI—

-albuterol (Proventil, Ventolin)

-salmeterol (Serevent)—long onset—not PRN(Q12h (BID)



-nebulizer—




-albuterol, terbutaline



-PO—




-Proventil Repetabs, syrup



-IV—




-terbutaline (rare to use)


-role—



-quick relief (inhaled)(albuterol MDI



-LT control in moderate asthma—salmeterol, Proventil Repetabs, Proventil syrup



-prevention of exercise-induced asthma (inhaled albuterol, salmeterol)

IPRATROPIUM (ATROVENT)


-mechanism—anticholinergic(bronchodilator


-route—inhaled (MDI, nebulizer, nasal spray)


-AE—blurred vision if sprayed in eyes


-role—



-last line for severe asthma*



-1st line for COPD (PNS has large role in COPD)



-prevention of exercise-induced asthma



-nasal spray for preventionof rhinitis ass with exercise, cold weather, and colds

CORTICOSTEROIDS—


-mechanism—decrease inflammation


-route—



-MDI—

-beclomethasone (Beclovent, Vanceril)

-fluticasone (Flovent)




-triamcinolone (Azmacort)




-budesonide (Pulmicort)



-PO—




-prednisone



-IV—




-methylprednisolone (Solu-Medrol)—hospital—COPD & asthma


-AE—minimal with inhaled use



-osteoporosis—occurs in 50% on LT—most predictable effect



-cataracts—PO and inhaled



-growth suppression—minimal with inhaled; documented only in short term studies; probably does not affect final adult height in significant manner



-thrush (inhaled)—wash mouth with water to prevent


-role—



-daily use of inhaled is indicated in ALL pts with asthma sx >2x/week



-oral or IV in acute exacerbation



-may benefit select pts with COPD

THEOPHYLLINE—


-mechanism—relaxation of bronchial smooth muscle through an unknown mechanism


-route—



-PO— tablets—Theo-Dur; capsules—(Slo-BID, Theo-24)



-IV—aminophylline (a theophylline salt)—80% theophylline


-AE—



-HA, tremor, N—low doses



-vomiting, diarrhea—high doses



-seizures, arrhythmias—very high doses


-therapeutic range—



-levels should be 5-15 mg/L (was 10-20 mg/L)


-drug interactions—MANY



-inhibitors of CYP1A2 (and some CYP3A4) can increase theo levels



-fluvoxamine, fluconazole, ketokonazole, itraconazole, Cipro, some macrolides—NOT azithromycin)



-inducers of CYP1A2—




-Dilantin, phenobarbital, Tegretol, rifampin, SMOKING



-caffeine—same pharmacologic effects therefore can increase SEs without increasing theo levels—a pharmacodynamic mechanism



-roles—




-last line in asthma and COPD




-aminophylline—used in hospital but efficacy is questionable esp in asthma

MAST CELL STABILIZERS—


-mechanism—prevent release of inflammatory mediators from mast cells


-route—



-MDI—

-cromolyn (Intal)

-nedocromil (Tilade)



-nebulized—




-cromolyn (Intal)



-OTC nasal spray fro prevention of allergic rhinitis—cromolyn (Nasalcrom)


-AE—wheezing and coughing (esp powder formulation)


-role—



-LT control med in asthma used to replace cortico use (esp in kids), or with corticos; LESS EFFECTIVE THAN CORTICOS



-prevention of exercise-induced asthma

LEUKOTRIENE RECEPTOR ANTAGONISTS AND LEUKOTRIENE BLOCKERS—


-zileuton (Zyflo)



-mechanism—block enzyme (5-lipoxygenase) responsible for leukotriene synthesis



-route—PO



-AE—possible liver injury (LFTs), stomach upset



-interactions—can increase theo and warfarin (CYP3A inhibitor)



-role—




-alternatives to corticosteroids—LESS EFFECTIVE




-used with corticos




-no data in COPD


-zafirlukast (Acolate) and montelukast (Singulair)



-mechanism—block leukotriene RECEPTORS (different from Zyflo)



-route—PO—Acolate taken 1hr 1 hr before or 2 hrs after meals



-AE—hepatotox with Acolate??



-interactions—




-Acolate—CYP2C9 inhibitor(increase levels of warfarin and Dilantin




-phenobarbital can decrease levels of Singulair



-role—same as Zyflo

NATIONAL ASTHMA EDUCATION PROGRAM—FROM NIH—

1.  MILD INTERMITTENT—sx 2x/week or less and hs sx 2x/mo or less


-short-acting B-agonist up to 2x/week PRN


-no anti-infl

2.  MILD PERSISTENT—sx >2x/week, but not daily, and hs sx >2x/mo


-inhaled cortico—low dose QD


-short-acting B-agonist PRN


-alternatives to inhaled cortico—mast cell stabilizer (esp kids), leukotriene inhibitor, or theo (not preferred)

3.  MODERATE—sx QD with hs sx >1/week


-increase inhaled cortico dose (medium dose) / or add salmeterol (better in terms of SEs) 


-alternatives to salmeterol—add theo or PO albuterol


-PRN short-acting B-agonist  

4.  SEVERE—frequent or continual sx


-high dose inhaled cortico PLUS salmeterol


-alternatives to salmeterol as above


-PO cortico


-PRN short acting B-agonist

--pts monitor asthma at home with a peak flow meter

--teach pt to increase frequency of inhaled meds or take prednisone if peak flow is below a certain level

--peak flow indicators is more specific than sx

--this helps keep pts out of ER and decreases mortality

SUMMARY—


-LT control meds—



-salmeterol



-PO B-agonists



-corticos



-leukotriene inhibitors



-mast cell stabilizers



-theophylline


-Quick-relief meds—



-B-agonists—5-15m—quickest



-systemic corticos



-Atrovent


-asthma in Pg—



-no meds we talked about cause birth defects



-hypoxia from the asthma is a greater risk than the meds



-prednisone is a prodrug—metabolized to prednisolone (also commercially available)



-doesn’t affect the fetus b/c cant convert prednisone



-newborns (esp premature) have impaired ability to make the conversion, but clinically they respond just as well to prednisone as prednisolone
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Diabetes

--glucose is the energy source for the body

--insulin, a large protein secreted by B-cells of the pancreas, is like a key that unlocks the cell and allows insulin to enter

--DM is a dz in which the body has trouble transporting glucose into cells due to(

1.  an absence of insulin secretion (Type 1), or


2.  the cells of the body become resistant to the effects of insulin and / or the pancreas does not secrete enough insulin at the appropriate times (i.e. with meals) to overcome the resistance

--type 1 and type 2 DM are two completely different unrelated dzs!!!

--comparison of 1 and 2

Feature
Type 1
Type 2

Other names
IDDM, juvenile onset
NIDDM, adult onset DM

Age
<30
>40

Pancreatic function
None
Low, nl, or high insulin

FH
Not strong
Strong

Obesity
Uncommon
Very common

Tx
Insulin
Insulin, sulfonureas, metformin, acarbose/miglito “glitazones”

--complications—CVD dz, renal dz, blindness, peripheral neuropathy(the combination of these leads to(

-diabetic foot ulcers, skin breakdown, breakdown of foot architecture

--Dx—fasting plasma glucose of 126 mg/dL or greater

--Tx goal—fasting plasma glucose <120 mg/dL and HbA1c of <7%

Insulin comparison—

Insulin
Onset
Peak
Duration

Insulin lispro (humalog)
15-30m
1-2h
3-4h

Regular
30m-1h
2-4h
6-8h

NPH, lente
1-4h
6-10h
10-16h

Ultralente (rare to use)
4-6h
18h
24-36h

--insert graphs—

--regular insulin and insulin lispro are the only insulins available as SOLUTIONS (others are suspensions) and are the only insulins that can be injected IV

--NPH and lente are SUSPENSIONS and appear cloudy


-NPH contains protamine and some zinc


-lente contains zinc only


-protamine and zinc are what makes the insulins long acting


-both protamine and zinc can cause allergic rxns, including hives at the injection site

INSULIN SOURCES


--three species/sources of insulin—beef, pork, human


--commercial insulin products contain pork, beef-pork combos isolated from animal pancreases, biosynthetic human insulin made by E. coli or baker’s yeast, and semi-synthetic human insulin


-regular, lente, and NPH are available as human (recombinant DNA), pork, or beef/pork sources


-ultralente is available ONLY as human insulin


-the human immune system can form antibodies against animal insulins—therefore most people are on human insulin


-pts should be switched sources only under med supervision—decrease dose 5-10% from animal to human


-most insulins in US—100 units/mL


-500 units/mL available for pt who require large doses


-other countries—40 units/mL—take it when you travel 

MIXING AND STORING


-room temo for up to 1 month


-prefilled “pens” differ in stability (7-30d) depending on the type of insulin


-short  acting (regular, insulin lispro) and long acting (NPH, lente) insulins can be mixed in the same syringe(draw regular insulin first to avoid contaminating the regular with zinc and protamine


-regular and NPH can be pre-mixed and stored in the refrigerator for at least 1 month


-70/30 insulin is available—NPH/REG—helps for the day

ROUTES OF ADMINISTRATION—


-most pts inject insulin subQ at home in abd or thigh


-SubQ infusion pumps are available


-rotate injection sites to avoid fatty hypertrophy and impairment of insulin abs


--IM rarely used—faster abs—use in DKA / hyperosmolar non-ketotic coma

DRUGS FOR TYPE II DM


--sulfonylureas—



-glyburide (Micronase, Diabeta), glipizide (Glucotrol), glimipride (Amaryl)



-mechanism—increase production of insulin at pancreas



-AE—hypoglycemia, weight gain, hepatotox (rare), allergic rxns (rare)



-caution—these are sulfa drugs so in ALL to other sulfa drugs (sulfamethoxazole/trimethoprim (Bactrim, Septra), thiazide and loop diuretics), may also be allergic to sulfonylureas


--repaglinide (Prandin)—



-mechanism—increase production of insulin at pancreas, but taken only prior to meals (acts quickly and effects wear off by next meal (unlike sulfonylureas)



-AE—hypoglycemia



-Interactions—met by CYP3A, so drugs that inhibit (ketoconazole, erythromycin, clarithromycin) or induce (rifampin, anticonvulsants) CYP3A may increase or decrease drug levels



-not a sulfa drug


--biguanide (class)—metformin (Glucophage)



-mechanism—decrease hepatic glucose production from fats and protein (GNG) and enhances insulin-stimulated glucose transport into skeletal muscles



-AE—GI, LACTIC ACIDOSIS (RF—liver or renal dysfunction, surgery, serious acute illness, CV or pulmonary Dz), metallic taste, weight loss



-improves lipid values



-contraindications—SCr >1.5 mg/dL in men or 1.4 mg/dL in women; liver dysfunction, CHF rewuiring drug therapy, COPD


--alpha glucosidase inhibitors—acarbose (Precose), miglitol (Glyset)



-mechanism—local action—slows digestion of CHOs, thus decreasing peak glucose levels after a meal



-AE—GI, liver tox (Precose only)



-caution—b/c these drugs inhibit the bkdn of di- and polysaccharides, pts taking Precose or Glyset plus insulin or sulfonylureas must be given ORAL GLUCOSE or GLUCAGON if they become hypoglycemic


--thiazoldinediones (“glitazones”):  rosiglitazone (Avandia), pioglitazone (Actos)--newest



-mechanism—helps insulin work to allow glucose to enter cell (overcomes insulin resistence) by activating PPAR gamma receptor(does not cause hypoglycemia



-AE—liver tox?, fluid retention (watch out in CHF), HA, weight gain

ROLE IN THERAPY—


-Insulin—type 1 DM, gestational DM, newly dxd Type 2 pt with a very high glucose level, DM unresponsive to OHAs


-Metformin or Sulfonylureas—1st line in Type 2 b/c they are most effective



-Metformin better choice in obesity or pts with hypercholesterolemia



-sulfonylureas if Metformin is contraindicated


-can combine therapies for additional benefits

--Insulin and Sulfa(CAUSE HYPOGLYCEMIA

--METFORMIN, PRECOSE, GLYSET(DO NOT cause hypoglycemia

