Angiotensin converting enzyme inhibitors (ACEI) and angiotensin receptor blockers (ARBS)
135 million prescriptions in 2007 
These drugs reduce peripheral vascular resistance.  Blockade of aldosterone can cause increases in potassium levels.  ACEI (but not ARB) block the breakdown of bradykinin.  The subsequent elevation in bradykinin causes further vasodilation, but also can cause a dry cough from elevated bradykinin levels in the lung 
[image: ]
These drugs reduce peripheral vascular resistance.  Blockade of aldosterone can cause increases in potassium levels.  ACEI (but not ARB) block the breakdown of bradykinin.  The subsequent elevation in bradykinin causes further vasodilation, but also can cause a dry cough from elevated bradykinin levels in the lung 


Beta-blockers
119 million prescriptions in 2007
Don’t memorize specific numbers (e.g., F, ER), but be prepared to apply these values
Mechanism and indications
· Mechanism of action: Direct antagonism at the adrenergic beta (and for one drug alpha) receptors to block effects of epinephrine (adrenalin) and norepinephrine blocking the “fight or flight response”.
· Can be divided by selectivity: β1 selective, non-selective, or αβ blockers and by lipophilicity/hydrophilicity 
· Tolerance, dependance, withdrawal may occur; abrupt discontinuation may lead to angina or myocardial infarction
· Side effects are related to selectivity
· Common uses: treatment of hypertension, heart failure, ischemic heart disease, reduce mortality post MI (not all beta blockers are indicated for every condition, but you’ll get more exposure to this in the cardiovascular system course)
β1 Selective agents: metoprolol (Lopressor® or Toprol® XL) and atenolol (Tenormin®)
· These drugs block only β1 receptor at usual doses(but selectivity is lost at high doses).
· Side effects related to blockade of cardiac β1 receptor: negative chronotropic (↓rate), negative dromotropic (↓ conduction velocity), negative inotropic (↓force of contraction) 
· Metoprolol’s clearance is 50% hepatic via 2D6 (F=0.50); atenolol is more hydrophilic; fraction excreted unchanged in urine is 40%
Nonselective beta blocker: propranolol (Inderal®)
· Same side effects from β1 blockade, but propranolol also blocks β2 receptor, which can cause bronchoconstriction in asthmatic patients, peripheral vasoconstriction, reduced hypoglycemic awareness/response, decreased lipolysis 
· Propranolol has a hepatic extraction ratio of >95%.  Oral bioavailability is approximately 30% (F=0.3)
αβ blocker: carvedilol (Coreg® and Coreg XR®
· Side effects as with propranolol, but also blocks α1 receptors, which overrides the β2 induced constriction to cause peripheral vasodilation, which decreases work load of failing heart (vasodilation causes less resistance, like taking your thumb off of the end of the garden hose).  This may cause more hypotension, especially with sudden changes in position (postural hypotension)
· Carvedilol is >98% plasma protein bound, so it has a huge Vd (average 115L)
· R-carvedilol is metabolized almost exclusively by CYP 2D6, while S-carvedilol has multiple pathways for metabolism.  S-carvedilol has a larger (more rapid) clearance than R-carvedilol.
Common Antibiotics
Rx in 2007:
Amoxicillin/clavulanate (Augmentin®) 63 million 
Azithromycin (Zithromax®) 45 million
Levofloxacin (Levaquin®) and ciprofloxacin (Cipro®) 42 million
Cephalexin (Keflex®) 22 million
Antibiotic Therapy
· In order for antibiotic therapy to work, the drug must
· Reach the site of infection in an active form at an effective concentration (usually at least equal to the MIC)
· Reach its targeted site of action, often within the bacterial cell
· Bind to its cellular target 
· Produce effect at the target 
The goal  of antibiotic therapy should be to use the most selectively active drug that produces the fewest adverse effects, including adverse affects on normal flora.
Beta-lactam antibiotics
· Mechanism of action: inhibit bacterial cell wall synthesis through inhibition of penicillin-binding protein (PBP) mediated peptidoglycan assembly 
· Resistance of the organism can be due to:
· Altered PBP (e.g., MRSA)
· Beta-lactamase production
· Intrinsic impermeability due to lack of porin channels (e.g., P aeruginosa)
· Efflux pumps (e.g., N gonorrhoeae)
· Classes of β-lactam antibiotics include penicillins, cephalosporins, carbapenems, cephamycins, and monobactams 
· Generally bactericidal
· All penicillins generic names end in –cillin 
· Cephalosporins start with cef-  or ceph-
Adverse effects of β-lactams
· Hypersensitivity
· Patients allergic to one penicillin will cross react with other penicillins, and may cross-react with cephalosporins 
· Patients allergic to one cephalosporin will likely cross react with other cephalosporins and may cross react with penicillins.
· Generally in clinical practice, if a patient has had a recent type I reaction to a penicillin, you will avoid cephalosporins and vice versa.  For reactions of lesser severity, or if the reaction was in the distant past, you’d probably use a β-lactam from a different class if the infection is serious. 
· Superinfection including Clostridium difficile associated diarrhea (CDAD)
· Rarely, bone marrow suppression, nephrotoxicity 
· Seizures – with penicillins at toxic levels.  The choroid plexus actively transports β-lactams out of the cerebrospinal fluid.
· Diarrhea
· Drug interactions
· probenecid inhibits active transport of β-lactams into the urine
· controversy exists over an interaction between antibiotics and oral contraceptives
Amoxicillin/Clavulanate (Augmentin®)
· Amoxicillin is a semisynthetic penicillin, clavulanate is a beta-lactamase inhibitor 
· Aminopenicillins may cause erythematous skin rash in patients with mononucleosis
· Dosing every 12 hours (vs q8h) may reduce diarrhea
· Taking with food may reduce nausea (primarily from clavulanate)
Due to ratio of amoxicillin:clavulanate, Augmentin 250mg chewable is not equal to Augmentin 250mg nonchewable or ½ Augmentin  500mg tablet
Cephalexin (Keflex®)
· Cephalexin is a first generation cephalosporin
Generally very well tolerated
Fluoroquinolones
· Ciprofloxacin (Cipro®) and levofloxacin (Levaquin®) are cleared renally; oral bioavailablity almost 100%
· Block bacterial DNA synthesis through the inhibition of topoisomerase IV and/or DNA gyrase 
· Their effect is bactericidal.
· Resistance is usually due to point mutations in the target enzyme or due to changes in bacterial permeability
· Due to propensity to cause arthropathy in children, fluoroquinolones are not indicated in children or pregnant women except in the prevention of inhalational anthrax (but may rarely be used in pediatric patients when benefit>>>risk, such as in life threatening infections in cystic fibrosis)
· Fluoroquinolone generic names end in -floxacin 
· Black box warning: “Fluoroquinolones are associated with an increased risk of tendonitis and tendon rupture…” 
· Side effects: There are many, but the most serious include:
· Photosensitivity – remind patients to wear sunscreen and cover up
· Musculo/skeletal - arthopathy, tendinopathy/tendon rupture (may emerge months after treatment)
· Neuro - seizures, psychiatric disturbance, headache, peripheral neuropathy
· nausea/vomiting, superinfection (including CDAD), diarrhea
· QT prolongation.  
· Drug interactions (not all-inclusive): 
· concomitant oral administration of divalent cations (antacids, iron) blocks oral absorption of fluoroquinolones 
· increased risk of arrhythmia with antiarrhythmics (due to prolongation of QT interval)
· ciprofloxacin inhibits CYP450 1A2, so may increase serum levels of caffeine and theophylline. 
Macrolides
· Macrolides include erythromycin (EES®), clarithromycin (Biaxin®), and azithromycin (Zithromax®).  Azithromycin is involved in fewer drug interactions than other macrolides.  These drugs are not eliminated renally to any great extent.
· Azithromycin has a large Vd (and therefore t1/2) due to extensive tissue binding.
· Mechanism of action: inhibit RNA-dependant protein synthesis at chain elongation step; binds the 50S ribosomal subunit, which inhibits transpeptidation.  The action is bacteriostatic 
· In addition to its use in active infections, azithromycin is used in prophylaxis for M avium-intracellulare in AIDs patients
Spectrum of activity
· Don’t memorize the bugs, but:
· Amoxicillin and cephalexin are relatively narrow spectrum and are susceptible to the actions of β-lactamase. 
· Fluoroquinolones are broad spectrum, and can penetrate cells for activity against intracellular organisms such as Legionella 
· Macrolides are broad spectrum, and possess activity against intracellular organisms and some protozoa.
· CDAD Clostridium difficile associated diarrhea
· MRSA – methicillin resistant Staph. Aureus 
· MSSA – methicillin sensitive Staph. Aureus 
· PBP – penicillin binding proteins
· QT interval – the time elapsed between beginning of the Q wave and end of the T wave on an electrocardiographic tracing; prolonged QT has been demonstrated to increase risk of arrhythmia
· STD – sexually transmitted disease
· T1/2 -  half life
· Vd – volume of distribution
· Penicillin G and Penicillin V primary activity:
· 	Gram positive organisms
·      Anaerobes 
·      Very susceptible to β lactamases 
· Semisynthetic penicillins – ampicillin, amoxicillin; gram + and more gram negative activity compared to penicillin.  Ampicillin is PO or IV, amoxicillin is PO in US. 
· β -lactamase resistant penicillins (also known as antistaphylococcal penicillins): (oxacillin, dicloxacillin, methicillin, nafcillin); steric hindrance protects agains beta-lactamase, but not effective in the case of altered PBP; no longer widely used.  Less potent than penicillin against penicillin susceptible strains
· Extended spectrum penicillins – ticarcillin, piperacillin both are IV only Activity:
·     gram + and gm – including Pseudomonas
·     Listeria monocytogenes 
·     Klebsiella 
· These agents extend activity of penicillins against some β lactamase producing strains, but not against the type I chromosomal β -lactamases induced in gram-negative bacilli such as Enterobacter, Acinetobacter, and Citrobacter by the second- and third-generation cephalosporins 
· Clavulanate combined with amoxicillin PO = Augmentin® with ticarcillin IV = Timentin®.  Clavulanate causes significant GI effects
· Sulbactam with ampicillin IV = Unasyn® 
· Tazobactam with piperacillin IV = Zosyn®
· no cephalosporins possess activity against enterococci, L monocytogenes, Legionella spp.,MRSA, X maltophilia, and Acinetobacter spp.
· 1st generation- cefazolin (Kefzol®) IV, cephalexin (Keflex®) po; activity: methicillin sensitive staph, streptococci, some gram negative; susceptible to beta-lactamase 
· 2nd generation -  cefuroxime (Ceftin®) PO/IV, cefoxitin (Mefoxin® IM/IV); activity: less gm+ than 1st gen, gm – coverage including Bacteroides spp (cefoxitin)
· 3rd generation - ceftriaxone Rocephin® IM/IV ; ceftazidime = Fortaz® IM/IV, cefdinir = Omnicef®n PO): activity: gm+ similar to 1st gen; no Bacteroides coverage; ceftazidime effective vs Pseudomonas but not gm+
· 4th generation (cefepime = Maxipime®) activity: similar to 3rd generation (including Pseudomonas) but more resistant to β-lactamases 
· Generally as you go from 1st to 4th gen, you gain gram negative coverage at the expense of gram + coverage 
Cough and Cold
In 2004-2005, more than 1500 children < 2 years old were treated in EDs for adverse events related to cough and cold preparations, with at least 3 deaths in 2005 associated with these products in pediatric patients
· Antihistamines 
· First generation (↑sedation): diPHENhydramine (Benadryl®), hydroxyzine (Atarax®), chlorpheniramine (Chlor-trimeton®), FYI only - diMENhydrinate (Dramamine®) – used as agent for motion sickness, clemastine (Tavist®), brompheniramine (in Dimetapp®) are also examples of 1st gen
· Second generation: cetirizine (Zyrtec® - OTC) more sedating than other 2nd gens), fexofenadine (Allegra® - Rx), loratidine (Claritin® - OTC).  FYI levocetirizine (Xyzal® - Rx) is an active metabolite of cetirizine and desloratidine (Clarinex® - Rx) is a metabolite of loratidine.
· Cough suppressants: dextromethorphan (DM products - OTC), codeine and congeners (some Rx some sold without Rx), benzonatate (Tessalon® - Rx)
· Decongestants: pseudoephedrine (Sudafed® - sold only by pharmacist or Rx), phenylephrine (Sudafed PE ® - OTC)
· Expectorants- guaifenesin (Robitussin ®, Mucinex ® - OTC) 
· Mucolytics – n-Acetylcysteine (Mucomyst ® - Rx); the difference between an expectorant and a mucolytic is that an expectorant is orally dosed, a mucolytic is nebulized 
Antihistamines-H1 antagonists
· Mechanism: block H1 histamine receptors to reduce itching, runny eyes/nose, sneezing, wheal formation (by blocking histamine induced increases in capillary permeability).  Anticholinergic effects help reduce secretions.  May cause CNS depression and sedation (the active ingredient in Sominex® is diphenhydramine) or paradoxical excitation.  Second generation agents are less lipophilic, thus produce less CNS effects.
· Use: allergic rhinitis and urticaria.  There is no evidence to support antihistamine use to reduce symptoms of the common cold.
· In pediatric patients, CNS effects may lead to seizures, increased risk of aspiration, or respiratory depression.  Application of diphenhydramine to large areas of the body can lead to systemic absorption and toxicity. 
· In geriatric patients, 1st generation agents may cause delirium and can increase risk of falls.
· Adverse effects: sedation (warn that 1st generation agents may impair ability to drive/operate dangerous machinery), dry mouth, dry eyes, urinary hesitancy, hypotension.
Cough Suppressants
· Opioids elevate the cough threshold through an undefined mechanism. Antitussive doses of opioids are lower than those needed to provide analgesia.   Dextromethorphan (DM) is a D-isomer of the opioid methorphan; it has no analgesic effects.
· Overdosage of true opioids is associated with respiratory depression; naloxone (an opioid antagonist) is the specific antidote.
· Overdosage of dextromethorphan may be seen when large volumes of DM are consumed (adolescents go “robo-tripping”) or when DM metabolism is inhibited.  DM is metabolized by CYP450 2D6.  At toxic doses, dextomethorphan increases effects of the neurotransmitter serotonin.  Toxicity is manifested by  serotonin-syndrome like symptoms (hallucinations, hyperthermia, hyperrflexia or muscular rigidity), disassociative symptoms (disassociation from one’s own body) similar to PCP or “angel-dust”, respiratory shut down and a plodding zombie-like gait. Selective-serotonin reuptake inhibitor (SSRI) antidepressants inhibit CYP 2D6 AND increase effects of serotonin, so DM is contraindicated with SSRI’s like fluoxetine (Prozac®).
Decongestants
· Mechanism: act through stimulation of adrenergic alpha-1 receptors, which causes vasoconstriction of small vessels and subsequent decongestant effects.
· Use: orally to reduce nasal congestion, topically to reduce congestion or stop nose bleeds, orally to reduce urinary stress incontinence in women.
· Adverse effects: tachycardia, hypertension, anxiety, insomnia (fight or flight symptoms, like adrenaline).  Topical (e.g., nasal sprays) don’t cause significant systemic effects, but may cause a rebound congestion, so the use of sprays beyond 3 consecutive days is not recommended.
· Pseudoephedrine is restricted to sales by a pharmacist, due to its use as a precursor of methamphetamine in illegal “meth” labs
Expectorant
· Guaifenesin decreases viscosity of mucus through an undefined mechanism.  Increased fluid intake recommended.
· Some products contain phenylalanine; Sugar-free and alcohol-free products available; available as a candy-like powder (mini-melts) for pediatrics
· Generally well-tolerated
· Other anecdotal uses include thinning cervical mucus in infertility, fibromyalgia
N-Acetylcysteine
· Mechanism: free sulfhydryl group breaks disulfide bonds in mucoproteins to decrease viscosity of mucus (this free sulfhydryl group also allows it to be a glucuronide substitute in acetaminophen overdose)
· Avaiable as 10% and 20% solutions; by definition % means g/100ml, so 10% = 10g/100ml.
· Uses: orally as antidote to acetaminophen toxicity, orally to protect kidney from harmful effects of radiocontrast dyes.  An IV form (Acetadote®) is available for acetaminophen overdose.
· Look alike/sound alike: Mucomyst 600mg po bid for kidney protection vs Mucinex 600mg po bid for expectorant!! 
Pediatric Use
· OTC agents for symptomatic management of cough and cold in pediatric patients have been shown to be INEFFECTIVE in several studies, and HARMFUL in others.
· OTC labeling states that these products should not be used in children under 4 years of age.
· Dosing for these agents in children has been arbitrarily defined: kids 6-12 get ½ of adult dose, kids 2-6 get ¼ adult dose.  CHILDREN ARE NOT MERELY LITTLE ADULTS!   
· The American Association of Pediatrics does not recommend use of prescription or OTC products for the treatment of cough/cold symptoms in pediatrics. (http://aappolicy.aapublications.org/cgi/content/full/pediatrics;99/6/918)
· HONEY is supported by the World Health Organization to help manage cough and sleep in children > 1 year old, though there is a small risk of grayanotoxin-mediated syndrome associated with honey.  Use of honey is in children < 1 is not recommended due to risk of botulism.
References for pediatric use slide
· Arch Pediatr Adolesc Med. 2007;161:1140-1146, 1149-1153 
· Pediatrics 2001; 108(3):e52
· Pediatrics, 2008; 122: e318 - e322 
· J Pediatrics, 1993; 122: 799-802 
	Drug
	Pediatric Dose
	Adult Dose

	Diphenhydramine (1st antibiotic)
	2-5 mg/kg/day divided into 4 doses, not to exceed 300mg/day; use cautiously
	25-50 mg every 4 hours not to exceed 400 mg/day

	Lorataine
	Children 2-5 5mg/day; 6 and  up same as adult (10mg/day)
	10mg/day

	Dextromethrophan
	2-6 years old 30 mg/day max but ? efficacy; 6-12 years 60 mg/day max
	120 mg/day maximum

	Guaifenesin
	Q4h prn: 6 months-2 years; 25-50 mg/dose max 300mg/day;
2-5 years 50-100mg/dose max 600 mg/day
6-11 years 100-200 mg/dose max 1.2g/day
	200-400 mg Q4h prn or 600-1200  mg ER tablet q12h maximum 2.4 g/day



· The dose of n-acetylcysteine orally for acetaminophen toxicity is 140mg/kg initially, then 17 doses of 70mg/kg every 4 hours.  A patient presents with a serum acetaminophen level that  requires n-acetylcysteine.  The patient weighs 150 Lb, how many ml of a 20% solution should be administered for the first dose? 
· A)  4.8ml
· B)  14ml 
· *)  48ml
· D)  140ml  
Cholinergic and anticholinergic
· Stimulation of the cholinergic or parasympathetic branch of the autonomic nervous system (parasympathomimetic action) sets the body up for digestive functions. The mnemonic I use is SLUD: salivation, lacrimation, urination, defecation.
Anticholinergic effects or parasypatholytic effects occur when acetylcholine receptors are blocked by anticholinergics aka acetylcholine  antagonists.  I remember this as antiSLUD: dry mouth, dry eyes, urinary retention, constipation
Adrenergic and antiadrenergic
· Epinephrine (adrenaline), norepinephrine (noradrenaline), and dopamine are neurotransmitters in the adrenergic or sympathetic branch of the autonomic nervous system.  There are many different receptors in this branch; when they’re stimulated, the body prepares for fight or flight (defending yourself from the Saber tooth tiger or running away).  Stimulation of the alpha-1 receptors causes constriction of small blood vessels, to shunt more blood to major organs.  These drugs are sympathomimetic.
· Sympatholytics or antiadrenergics  block the effects of the neurotransmitters.  Specific action depends upon specific receptor affinity.  For example, beta-2 blockers specifically block sympathetic innervation to the heart, which reduces heart rate.  Alpha-1 blockers specifically cause peripheral vasodilation without significant effect on the beta-2 receptors.  
OTC pain medicationsDrugs
· Acetaminophen (Tylenol)
· Aspirin
· Ibuprofen (Advil or Motrin)
OTC pain meds mechanism and indications
· Mechanism of action: inhibition of cyclooxygenase (COX) types 1 and 2, reducing prostaglandin production.
· Aspirin and NSAIDs (e.g., ibuprofen) are more potent inhibitors of COX than acetaminophen; Aspirin is an irreversible inhibitor.  Acetaminophen has minimal effect on thromboxane A2.
· Indications: all are effective for mild pain and fever.  Acetaminophen produces little anti-inflammatory effect.  The irreversible inhibition of thromboxane A2 production by aspirin has led to widespread use of aspirin as an antiplatelet agent in cardiovascular disease. 
Common/important adverse effects and contraindications of OTC pain medications
· Aspirin and ibuprofen/NSAIDs:
· GI ulcers.
· Increase risk of bleeding (antiplatelet effects).
· Cross sensitivity may occur between NSAIDs and aspirin.  Patients with reactive airway disease may have anaphylactoid reactions due to increased lipooxygenase activity (and subsequent leukotriene production) when COX inhibited.
· Significant drug interaction between aspirin/NSAIDs and warfarin (Coumadin)
· Aspirin should not be used for mild pain or fever in pediatric patients due to the risk of Reye’s syndrome, which is characterized by encephalopathy and hepatic damage.
Special information: acetaminophen toxicity
· Acetaminophen is metabolized to an intermediate (NAPQI) that is normally cleared via glutathione conjugation in the liver.  When formation of the intermediate is increased (toxicity, enzyme induction from chronic alcohol consumption) or when glutathione stores are diminished (toxicity, malnutrition, Gilbert’s disease), potentially fatal liver damage may occur.  The specific antidote is N-acetylcysteine, which acts as a glutathione substitute.  The Rumack-Mathew nomogram helps with decision making in acetaminophen poisoning.
· The maximum daily dose of acetaminophen in healthy adults should not exceed 4000mg/day; single maximum dose is 150mg/kg (about 7g in an adult).
Special information: aspirin toxicity or salicylism
· At high serum levels, aspirin undergoes zero-order kinetics, so small increases in chronic dosing can cause toxicity.  Chronic salicylism may be associated with only intermediate elevations in serum salicylate levels.
· Salicylate toxidrome: nausea/vomiting, tinnitus/hearing loss, widened anion gap acidosis, hyperventilation, hyperthermia, hyperactivity/delirium, slurred speech, coma, death.  Hypermetabolic state is referred to as “alive until dead.”
· No specific antidote - management of aspirin (and NSAID) toxicity is supportive
Anion Gap
· The anion gap is the difference between the commonly measured cations (sodium) and anions (chloride and bicarb) in the blood.  The gap is an estimate of unmeasured anions in the blood, normally 10-15mEq/L.  It is widened when excess unmeasured anions such as acetylsalicylate (the anion of acetylsalicylic acid or aspirin) are present
· To calculate: anion gap = sodium – (chloride + bicarbonate) 
· When a patient with presumed toxicity presents with acidosis, calculate the anion gap!
· A mnemonic for common causes of widened anion gap is MUDPILES: Methanol, Uremia, Diabetic ketoacidosis, Paraldehyde, Isoniazid, Lactate, Ethanol and ethylene glycol, Salicylates and Seizures
· It is prudent to check aspirin and acetaminophen levels in all suspected overdoses.
[image: ]
· Most drugs undergo metabolism through first order processes, where the amount of drug cleared from the body per unit of time is a fraction of what is present; the amount cleared per unit time depends upon the concentration.   Therefore, when the serum level is increased by increasing the dose, the rate of elimination from the body is also increased.
· When enzyme systems are saturated, elimination may follow zero order kinetics, in which the amount of drug cleared per unit of time is constant.  Ethanol and aspirin are two common substances that undergo zero order kinetics at relatively low serum levels.  When the serum level is increased, the rate of elimination remains constant.

· When a drug undergoes first order kinetics, the amount of time it takes to reduce the concentration by half (the half-life) remains the same irrespective of the concentration.  In this case we eliminate 25% of drug per hour with a half-life of 2 hours (it takes 2 hours to go from 200mg/ml to 100mg/ml and from 100mg/ml to 50mg/ml).
· In zero order kinetics, the amount of time it takes to reduce the drug by half is determined by the constant rate of drug elimination.  In this case we eliminate 25mg/hr, so it takes 4 hours to reduce the concentration from 200mg/ml to 100mg/ml, and 2 hours to reduce it from 100mg/ml to 50mg/ml.  Therefore, the drug may accumulate in the body very rapidly when the dose is increased, because a smaller fraction of the total is removed.
To summarize the different classes of antibiotics (and for the most part, the drugs within a class share the mechanism of action and adverse effect profiles)
1. Cell wall active agents are bactericidal
a. β-lactam antibiotics = inhibit peptidoglycan synthesis
i. Penicillins generic names end in -cillin
1. Benzylpenicillins e.g. Penicillin G
2. Aminopenicillins e.g. amoxicillin 
3. Extended spectrum penicillins e.g. piperacillin, ticarcillin
ii. Cephalosporins – generic names start with cef-ceph-
1. 1st generation - e.g., cefazolin, cephalexin
2. 2nd generation – e.g., cefuroxime, cefoxitin
3. 3rd generation  - e.g., ceftriaxone, cefdinir
4. 4th generation  - cefepime is the only one in US
iii. Carbapenems – generic names end in –penem (meropenem, ertapenem, imipenem/cilastatin)
iv. Monobactam – aztreonam; related by mechanism of action, but does not exhibit cross-senstivity in penicillin/cephalosporin allergy
b. Cyclopeptides : vancomycin, daptomycin – good for gram +; IV only
2. Inhibitors of protein synthesis
a. Aminoglycosides: gentamicin, tobramycin; IV only, nephrotoxic!, ototoxic
b. Macrolides – e.g., azithromycin, erythromycin
c. Lincosamide = clindamycin
d. Tetracyclines eg, tetracycline, doxycycline; chelate Ca++ - don’t use in kids
e. Linezolid – good for MRSA
3. DNA-directed RNA polymerase inhibition: Rifampin – induces 3A4; quick resistance develops to this drug
4. DNA synthesis and folate metabolism
a. Antimetabolites – sulfamethoxazole/trimethoprim; inhibit separate steps in bacterial folate synthesis; can cause photosensitivity
b. Fluoroquinolones (aka quinolones), generic names end in –floxacin levofloxacin, ciprofloxacin;  can cause convulsions, arthropathy in young animals, phototoxicity



Sulfamethoxazole is highly plasma protein bound to albumin, so it has a smaller Vd (more drug is bound to plasma proteins, so it’s stuck in the measurable compartment)
Remember kel is defined as the relationship between Cl/Vd; it’s a dependant parameter because it’s defined by Cl and Vd.
At steady state, dC/dt = 0 because rate in = rate out or Ro=Cl*C; Css = Ro/Cl
Cl = kel*Vd
T1/2*kel = 0.693
Vd = dose/concentration


Units of measure:
Cl = ml/hr (volume/time)			concentration = mg/ml	(dose of drug by wt/volume)
Vd = ml (volume)
Kel = hr-1 (reciprocal time)
t1/2 = hr (time)
Prednisone
· Mechanism of action – glucocorticoid, with some sodium retaining capacity: reduces leukotrienes, interleukins, and platelet activating factors, resulting in reduced inflammation.
· Short term adverse effects: increased blood glucose, increased risk of infection, emotional lability, insomnia, ↑BP
· Long term adverse effects: osteoporosis, Cushingoid state, ACTH suppression (risk highest at >20mg prednisone/day), risk of peptic ulcer, poor wound healing, cataract formation, weight gain
· 5mg of prednisone = 20mg hydrocortisone
· Contraindicated in serious infections except for tuberculous meningitis
· Steroids may increase WBC due to decrease in margination 
· Monitor BP, glucose, electrolytes
SSRI: Selective Serotonin Reuptake Inhibitors
122 million prescriptions in 2007 for SSRI as a whole 
Mechanism of action: inhibit reuptake of Serotonin (5-HT)
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Mechanisms of neuronal reuptake inhibitors. (A) In the absence of a reuptake inhibitor, serotonin (5-hydroxytryptamine, or 5-HT) is released from raphe neurons that project to limbic structures. Serotonin activates postsynaptic and presynaptic 5-HT receptors and undergoes reuptake into the presynaptic neuron. (B) When a tricyclic antidepressant (TCA), a selective serotonin reuptake inhibitor (SSRI), or venlafaxine is initially given, the drug blocks the reuptake of 5-HT and increases its synaptic concentration. (C) With continued use of a TCA, SSRI, or venlafaxine, increased synaptic concentrations of 5-HT cause the down-regulation of presynaptic autoreceptors and an increase in the firing rate of raphe neurons.  
There are multiple subtypes of 5-HT receptors that produce different actions in the body.
Important SSRI information
· Onset of effect is delayed (6-8 weeks).  Looking at the mechanism, why do you think this is so?
· Serious drug interactions with medications that can increase 5-HT levels or act at 5-HT receptors is “Serotonin syndrome”. 
·  Characterized by muscle rigidity, myoclonus, hyperthermia, seizures, agitation, hypertension, diaphoresis, tachypnea 
· Drugs that can cause this interaction include monoamine oxidase inhibitors (MAOI), dextromethorphan, tramadol, meperidine, cocaine
· Common side effects include nervousness, insomnia, dizziness, and sexual dysfunction
· Rarely, syndrome of inappropriate antidiuretic hormone (SIADH) may occur (fluid retention, hyponatremia)
SSRIs : drugs
· Fluoxetine (Prozac®) is the prototype.   Half-life of fluoxetine is 2.5 days, its active metabolite has a t1/2 of 7-8 days!  Like many SSRI, fluoxetine inhibits CYP450 2D6.  Fluoxetine also inhibits 2C19. So when you prescribe SSRI, beware of potential interactions (look it up or call the pharmacy)
· Other common SSRI include citalopram (Celexa®), escitalopram = the S-enantiomer of citalopram (Lexapro®), paroxetine (Paxil®), sertraline (Zoloft®). 
· Drugs in this class may have many uses, including depression, premenstrual dysphoric disorder (fluoxetine), anxiety disorders, and obsessive-compulsive disorder
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