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Section 3: cardiac and renal

Chapter 1: fundamental concepts
	
	Supraventricular
	Ventricular
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Slow response fibers (SA and AV nodes)
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Fast response fibers (His purkinje fibers)

	Tx: prolongs PRI
Non-DHP CCB: ↓ phase 0
BB are indirectly CCB: ↓ phase 0 and 4
	Tx: prolongs QTI
Na blockers: ↓ phase 0 
K blockers: ↓phase 3 



Na channels ‘states’
Resting: the M gate is closed and you are in phase 4.  Antiarrhythmics do not work here.
Open/active: the M gate is open and Na enters and you are in phase 0. This happens so quickly that it isn’t a target for Antiarrhythmics.
Inactive/refractory: you are now in late phase 0 and this state will lasts up to mid-phase 3.  No stimulation will offer a response.  This state lasts longer than the open state, ergo, it becomes a target for antiarrthmics (Na blockers, specifically)

Chapter 2: Antiarrhythmics (Saved By Pharm Class)

Class 1: Na channel blockers

Class 1A: also blocks K+  a prolonged QTI  torsades risk
1. Quinidine = weak base so antacids increase absorption  toxicity  torsades
Blocks M  ↑ HR  arrhythmias…torsades maybe
α1 blocker  “zosin”-like effect: vasodil, ↓BP  reflex tachycardia (↑HR )
cinchonism: ear ringing (tinnitus)

Must pretx with digoxin to slow AV conduction  reduced risk of arrhythmias BUT digoxin also displaces quinine from binding site in the tissue  digoxin toxicity

2. Procainamide = Na blocker only (it’s metabolite is the K blocker)
Works like quinidine but less M block (reduced torsades risk) and no α1 blocker effect (no hypoTN risk
Metabolized by N-acetyltransferase  NAPA which blocks K channels (the metabolite!)
Phase 2 metabolism  slow acetylators can other reactions (drug induced SLE)

Class 1B: Na blockers that target partially depolarized tissue (ischemic, ventricular tissue)
1. Lidocaine = prototype; local anesthetic that is given IV to avoid the fast, first pass metabolism of oral tx
Only Na  only can treat ventricular arrhythmias 
2. Phenytoin = an anti-seizure med that works like this class
3. Mexiletine and tocainide = lidocaine but in the oral tx form

Class 1C: Na block but no AP depol or SNS/PNS effects
Flecainide = given prophylactically to VT pts….caused deaths so not used

Class 2: BB
Reduced SA and AV node activity  SVT tx and prophylactic tx post-MI
Reduces slope of phase 4
1. Cardioselective: Esmolol (shortest t1/2) and acebutolol
2. Propranolol = nonselective 

Class 3: K blockers = slow phase 3 by working on fast tissue (ventricular arrhythmias)
1. Amiodarone: (ami = friend; iod = iodine containing; one = the one who treats it all)
Mimics class 1, 2, 3, 4  can tx all arrhythmias because it blocks all channels
Binds exclusively to tissue  high Vd and multiple SE
NOTE: this is not to be confused with amiloride which is the “lo rider” friend of the kidneys (no iodine)
Pulmonary fibrosis along with bleomycin
Blue, “smurf” skin  the iodine 

2. Sotalol = BB and K blocker of phase 3
Used to tx ventricular arrhythmias but the risk for torsades is high

NOTE: long QTI syndrome is a mutation in the K channel.  If you add a drug that delays the QTI, then arrhythmias. Do not tx with class 1a or III antiarrhythmics. 

Class 4: non-DHP CCB for the SA and AV nodes  tx SVTs
Drugs: verapamil and diltiazem
V = constipation (cotx with laxatives) and displaces digoxin from receptors  digoxin toxicity risk

Unclassified
1. Adenosine = the adeno receptors on the heart and lungs using Gi  increased K to hyperpol and slow the heart
M2 receptor-like 
DOC for SVTs; equivalent to a carotid massage or valsalva maneuvers 
Antagonized by theophylline
2. Mg++  torsades tx
3. Digoxin 

Recap
SVT tx?				Class 2, 4, adenosine and digoxin; Add warfarin to reduce clotting of the pooling blood
Ventricular tx?			Class 1 and 3
Torsades can be caused by?		Class 1a, 3, antipsych and TCAs

Chapter 3: HTN
Primary HTN: unknown case; 90% of cases
Secondary HTN: 10% of cases; causes: hyperaldosterone, pheochromocytosis, others.  Tx the primary cause of HTN
3 organs to target: kidneys, heart and blood vessels.  Start with one organ and keep adding tx that targets the other organs if HTN is not fixed

Sympathetic treatment options

Central α2 agonist: 
Work in the CNS to affect BP via ↓SNS   ↓TPR and HR
Less PNS SE
Second line tx of HTN
TCAs reduce the efficacy by increases NE in synapse 
1. Clonidine = opioid withdraw tx but don’t d/c abruptly  rebound HTN
2. Methyldopa = HTN in pregnancy; SE: hemolytic anemia and positive coombs test.
3. Reserpine = destroys the vessels
a. Reduces NE in the periphery  ↓CO, TPR and 5HT
b. SE: severe depression because of the 5HT reduction
4. Guanethidine = inhibits NE release. Works like botox 

α1 blockers or the “zosins” ( prazosin, doxazosin, terazosin)
nonselect at vessels  vaso- and venodilator
SE: first dose syncope (tx with low first dose at night then increase slowly); orthostatic hypotension (common for venodilators)

BB
Cardio depression, fatigue, sexual dysfunction, increased LDL and trigs (less so with ISA ones – see Day 1 BB notes)
Caution in DM because BB reduce glucose  severe hypoglycemia without the common warning signs
Do not abruptly d/c  rebound HTN

Direct-acting vasodilators

Work via nitric oxide; for severe HTN cases only
1. Hydralazine = vasodilation only  ↓TPR but no orthostatic hypotension (no venodilation)
SLE can be induced thanks to the P450 system
2. Nitroprusside = nonselective at the vessels  vaso-and venodilation  ↓TPR and orthostatic hypotention
tx only in HTN emergency to slowly bring down BP
NOT for chronic tx because it can cause cyanide toxicity; switch to another drug once emergency is over

NOTE: cyanide poisoning is first treated with sodium nitrite so methemoglobin binds to cyanide so it can’t interfere with complex 4 of the ETC.  Then, tx with sodium thiosulfate to form SCN- which allows for excretion.

Work via opening K channels  hyperpolarizing and relaxing sm mm; arterial specific
1. Minoxidil = tx severe HTN and baldness; hypertrichosis can be a SE
2. Diazoxide =tx insulinomas and hyperglycemia (open K channels means insulin can’t exit  lower insulin levels)

CCB
L-channels on the heart and vessels  non-DHP CCB can work on either but show preference for the heart
DHP CCB (the “dipines” like nifedipine) don’t work as well at the heart  not antiarrhythmic txs
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Conclusions you should see
· Verapamil will be the most cardio depressive, therefore, most likely to cause arrhythmias
· Nifedipines (DHP CCB) will use TPR to change HR
· Diltiazem can be used for either vasodilation or antiarrhythmic tx

Diuretics are the DOC  see Chapter 6 but basically thiazides are better than loops because they last longer

ACEI/ARBs = the “prils” and the “sartans”
Protective against DM nephropathy in DM but only to a point, then can cause acute renal failure
Increases K  arrhythmias
ACEI: MC for cough due to bradykinin excess and angioedema
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Scenarios you should see 
Given: afferents are dilated by PGs and efferent are constricted by angiotensin II  constriction  increased filtration
· Tx with ACEI/ARB  cause efferent dilation  reduced filtration, renal work load  renal protective
· Add renal aa stenosis and ACEI/ARB  afferent constriction equivalent and efferent dilation  no filtration and no pressure for afferent to even enter  renal failure
· Or add NSAID  reduced PGs and afferent constriction; add to ACEI/ARB  renal failure
[image: ]
Recap on txs (same information…two viewpoints) – use the comorbidity of the patient in the vignette to tailor tx choice
Angina = BB and CCBs
DM and HF = ACEI/ARBs
Post MI = BB
BPH = α blocker
Dyslipidemia = α blocker, CCBs, ACEI/ARBs
HTN = ACEI/ARB, BB, CCB, Diuretics (DOC)

Pulmonary HTN tx
1. Bosentan = blocks the endothelial receptor B (ET B)  vasoconstriction
2. Epoprostenol = a prostacyclin (PGI2)  vasodil
3. Sildenafil = inhibits type 5 PDE  increased cAMP  relax pulm aa

Chapter 4: Heart drugs
HR = ↓contractility and CO  ↑SNS and aldosterone activity
Compensation  hypertrophy  more HF and permanent, cardiac remodeling
Goal: stop remodeling  increased survival
Target: the aldosterone.  Strategies:  
1. Reduce preload (vv) = diuretics, ACEI/ARBs, venodil  pulls fluid off vv
2. Reduce afterload (aa) = ACEI/ARB, arteriole dilation  ‘puts’ the fluid somewhere else
3. Reduce remodeling = ACEI/ARB (stops aldosterone); BB (controls the SNS to the heart); spironolactones (K sparing by blocking the aldosterone)
a. The only strategy that increases survival
4. Increase contractility = digitalis (reduces survival because of its toxicity) and B agonist  short term tx options

Ionotropes
1. Digoxin 
Directly inhibited Na/K ATPase  a slow heart with forceful contractions  CHF tx
Indirectly inhibited neuronal Na/K ATPase  arrhythmia tx like SVTs 
[image: ]
Toxicity = small TI
Early: GI and heart sx
Later: CNS sx (disorientation, seizures)
High toxicity level: arrhythmias that are life threatening – can be any rhythm
Fast rhythm from direct effects; slow rhythm from indirect effect
Tx toxicity with anti-digoxin AB
Interacts with diuretics that waste K because it enhances the digoxin binding to Na/K ATPase

NOTE: WPW is a reentry rhythm from the atrium.  Tx to block accessory entry point (procainamide and amiodarone).  Do NOT tx with SVT drugs (digoxin, BB, CCB, adenosine) because it will slow the AV conduction and allow for the accessory pathway to repolarize  perpetuating WPW. 

2. Inamrinone and milrinone = phosphodiesterase inhibitors; short term tx otherwise morbidity increases
3. Dobutamine and dopamine = sympathomimetics are only short term because of tachyphylaxis (rapid tolerance)
Bind to B1
4. Cilostazol = PDE3 inhibitor (similar to inamrinone, milrinone) but tx intermittent claudication because it vasodilates but NOT CHF
[image: ]
NOTE: digitalis is only chronic treatment from this group; the rest are only acute for reasons listed in their description

Diuretics = reduce preload (vv)
1. Spironolactone = reduces remodeling and cotx with ACEI/ARB  monitor K 
2. Metoprolol and carvedilol = α1 and BB  CHF tx to reduce remodeling
3. Nesiritide = vasodilates by increasing cGMP.  Acute tx of decompensated CHF

Recap CHF
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Chapter 5: drugs for angina
Classic/stable: only angina with effort/ exercise
Vasospastic/Prinzemetal: vasospasm that is reversible. This happens when blood flow is halted  tx with vasodilator
Unstable: acute coronary syndrome with platelet aggregation; pain at rest  MI is likely. Tx with anticoagulation to reduce risk

Nitrates venodilate  reduce preload, work and O2 requirement on the heart. 
SE: flushing/HA, orthostatic hypotention (venodil), reflex tachycardia
Toxic with sildenafils  massive hypotension 
Sublingual = fast and no first pass metabolism.  Not a prophylaxis tx option
Transdermal = prophylaxis tx but only wear for a short time  tachyphylaxis
Isosorbide = the oral version. Slow release  chronic tx for angina prevention

NOTE: does NOT cause hemoglobinemia…nitrites do this NOT nitrates

CCB 
DHP CCB  good for vasospasm angina because it works best at the vessels (that are spasming)  vasodilation
DOC is nifedepine. Tx for Raynauds, vasospasm, pallor, cyanotic limbs

BB
Tx classic angina, prophylaxis
NOT for vasospasm angina because it doesn’t work at the vessels (Duh! B channels!)

Post MI tx
Acute = MONA (morphine, oxygen, nitrite, ASA)
Chronic = BB, ACEI/ARB, statins (lipid control because it is a contributor) 

The chart on 109: the main points
1. Contraction of sm mm is increased with increased Ca, non-phosphorylated myosin light chain kinase (MLCK) and phosphorylated myosin light chain (MLC)
2. Relaxation of sm mm has 3 methods
1. CCB: reduce the amount of Ca available for contractions
2. B2 blocker (Gs)  increases cAMP  phosphokinase A  phosphorylation of MLCK (inactive)
3. Gq mechanism  increase cGMP  phosphokinase G  de-phosphorylation of MLC (inactive)
3. PDE 3 helps keep cAMP from degredation and PDE5 keeps cGMP from degredation

Chapter 6: Diuretics!!
1. [image: ]PCT where acids and bases compete
a. Uremic acid vs. ASA
2. PCT: CA inhibitors
3. Entire tubule: osmotic diuretics
4. Ascending limb: loops
5. Early distal: thiazides
6. Early collecting: K sparing
a. spironalactone
7. Early collecting duct: aldosterone antagonists
a. Where K status is ultimately determined
b. K loss = H loss  hypokalemia = alkalotic state
	
Osmotic (#3)
Mannitol = given IV.  Attracks H2O  increased urine output.  Tx to reduce IOP (glaucoma) and ICP (cerebral pressure)

Carbonic anhydrase inhibitors (#2)
CAI stop H production and stops HCO3 reabsorption  metabolic acidosis and increased alkaline urine (HCO3)
The “zolamides”: acetazolamide and dorzolamide
Zolamide: tx glaucoma, acute mountain sickness (metabolic acidosis is protective). HypoK, hyperCl, sulfonamide sensitivity
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Loops (#4)	“Loops Lose Ca”
Block Cl/K pump  Cl and K are wasted  no + membrane potential  no paraspace opening  no Ca and Mg entering  Ca and Mg wasted 

Ethacrynic, furosemide, torsemide, bumetamide
DOC for acute pulmonary edema, CHF, HTN (more than thialazides) 
SE: hypoK/Ca/Mg, hyperurecemia because of the competition (both are weak acids)
F = Sulfonamide sensitivity 
E>F = ototoxic.  “ears feel full”, tinnitus, hearing loss. 
Interacts with aminoglycosides (increased ototoxicity), lithium (Cl loss), digoxin (K and Mg loss)
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Thiazides	(#5)	“Thiazides Save Ca”
(The Na/Ca and C channel (bottom) are controlled by PTH)
Inhibit the Na/Cl  Na and Cl wasting which reverses the Na/Ca channel  Ca to be pulled into cell and “saved’
Hydroclorothiazide (HCTZ), indapamide
Tx: hypercalcemia scenarios like renal stones, nephrogenic diabetic insipidus
SE: sulfonamide sensitivity, hypoK = alkalosis, hyperCa/lipids. hyperurecemia (weak base that competes) and hyperglycemia (hypoK means K channels are open and insulin can’t be released  hyperglycemia)
Interactions: digoxin (hypoK), DM patients (hyperglycemia)
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NOTE: DI has dilute urine because H2O is lost but not glucose.  Tx with HCTZ to force Na loss in the DCT  triggers compensation in the PCT to absorb Na thereby reabsorbing H2O  reduced urination

NOTES 
HypoK = reduced insulin secretion because channels can’t open; hyperK = increased insulin
Loops and thiazides = MCC of hypoK and metabolic alkalosis.  Diuretic abuse can cause weight loss.
Rena lfialure = MCC of hyperK

K sparing (#6)
Na and K are paired; K and H are paired; the top cell is the principal and the bottom is the intercalated cell
1. Amiloride and triamterene = block Na  K and H don’t exit  hypoK and acidosis (unusual pairing)
Tx lithium-induced DI with amiloride.  Li+ looks like Na+, apparently, and uses its transporter  DI
2. Spironolactone and eplerenone = block aldo receptor  no Na pulled in  no K and H exiting  hypoK and acidosis
Tx toxicity with amiloride which blocks the aldo receptor and the androgen receptor  the tx for female hirsutism but cause gynecomastia in males (not eplerenone).
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NOTE: diuretics above this increase Na delivery to the CD  increased Na pulling and K/H excretion  hypoK and acidosis.  Exception to this is with CAI: no H production so no H lost (hypoK with alkalosis) and 

Recap (116)
	
	Category 
	Mechanisms
	URINE electrolytes
	BLOOD pH

	Acetazolamide
	Carbonic anhydrase inhibitors (#2)
	CAI in PCT
	Hyper: Na, K, HCO3
	Acidosis 

	Ethacrynic acid, furosemide, torsemide
	Loops (#4)
	Inhibits Na/K/Cl cotransporter in ascending
	Hyper: Na, K, Ca, Mg, Cl
	Alkalosis 

	Hydrochlorothiazide, indapamide, metolazone
	Thiazides	(#5)
	Inhibits Na/Cl cotransporter in DCT
	Hyper: Na, K, Cl
Hypo: Ca
	Alkalosis 

	Amiloride, triamterene, spironolactone, eplerenone
	K sparing (#6)

	Blocks  Na channels and aldosterone receptors in the CT
	Hyper: Na
Hypo: K
	Acidosis 



	#2
	#4
	#5
	#6
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Chapter 7: Antihyperlipidemics

HMG-CoA reductase inhibitors = “statins” that stop the RLS of cholesterone synthesis
Reduce LDL, VLDL, trigs; some increase HDL
Toxicity with P450 inhibitors
SE: mm toxic (myalgia, myopathy, rhabdomyalgia) and hepatotoxic  monitor creatine kinase and LFTs

Bile acid sequesterants = bind to bile salts  bile wasting in feces  forces liver to produce more bile  needs cholesterol from the body
Cholestyramine and colestipol
Increases VLDL, trigs and lipid vitamin wastingbecause the liver is always on making cholesterol, it figures, I might as well make these too!
Not for people with high trigs already

Niacin (vitamin B3) = inhibits VLDL  reduces VLDL, LDL and increases HDL
SE: flush and itching. Pretx with ASA to reduced the PG

Gemfibrozil and fenofibrate = activate the PPARα receptor  transc of more LPL enzyme  reduce VLDL, LDL and increase HDL
Gemfibrozil is DOC for  tx for hypertrig
AVOID with bile acid sequesterants
SE: gallstones, myositis

Ezetimibe = in the gut and blocks absorption of cholesterol  reducing LDL

Orlistat = inhibits pancreatic lipase  inhibits trig breakdown  reduced trigs and lipid soluble vitamins in the system AND weight loss




Section 4: CNS 

Chapter 1: Fundamentals
Excitatory = glutamate
Inhibitory = GABA, DA, opioids
Both (depends on receptor) = Ach, NE, 5HT

Chapter 2: sedative, hypnotic anxiolytic = GABAA drugs (Ben and Barb) that inhibit by hyperpolarizing
Ben and Barb
	BENzodiazepines
	BARBiturates

	Increase frequency of Cl channels opening via BZ receptors
BZ1 = sedation; BZ2 = anti-anxiety
	Increase the duration the Cl channels are open


	Blocked by flumazenil because of the BZ receptor
	No blockade available because it doesn’t use the BZ receptors
Toxicity tx: long acting Bens to come down off Barb

	Needs GABA to work so reaches a max  ‘safer’ than Barb
	Doesn’t need GABA at high doses to cause CNS depression  life threatening seizures  deadly

	“lams” and “pams”.  
Alprazolam: most rx; acute anxiety
Diazepam: longest lasting
Midazolam: shortest acting
Oxazepam: no active metabolites 
Temazepam: no active metabolites 
Lorazepam: no active metabolites  
	“tal”
Phenobarbital: seizures
Thiopental: induce anesthesia

	Metabolites are common because metabolized by the liver
But some are metted Outside The Liver  no metabolites
	Induce P450 (especially Phenobarbital)




















Non-Benzodiazepine
Zolpidem and Zalpion = bind to BZ1 but not the Ben receptor.  Still tx toxicity with flumazenil

Buspirone = unique
Not a GABA but a 5HT1A partial agonist  no sedation (no GABA) 
Tx: chronic anxiety.  Pretx with Ben until levels are high enough

Chapter 3: Alcohol
Alcohol  (alcohol dehydroxylase)  Aldehyde  (aldehyde dehydroxylase)  Acid 	(metabolic acidosis; mostly because of aldehyde)

Ethylene glycol forms glycolic acid and is nephrotoxic
Methanol forms formic acid and causes ocular damage
Ethanol forms acetic acid and acetaldehyde toxicity (a hangover)
Treatment
· Ethanol is best substrate for alcohol dehydrogenase  old school tx method
· Fomepizole is DOC  stops alcohol dehydrogenase in all alcohols
· Disulfam (the ‘get sober’ pill) inhibits acetaldehyde dehydrogenase at the mitochondria  hang over sx if alcohol is ingested
· Disulfam-like drugs: metronidazole, cefamandole, cefoperazone, cefotetan, chlorprpamide
· Alcohol (which is polar) gets into the CNS because it is small
· [image: ]if it can cross the BBB, it can cross the placenta (a good general rule)
· Fetal alcohol syndrome

Chapter 4: anticonvulsants 
CNS depressants that stop neuron firing by:
1. Block Na fast channels: Phenytoin and carbamzepine
2. Facilitating GABA: Ben and Barb
3. Reduce excitatory effects of glutamic acid: lamotrigine, topiramate (block AMPA receptor); felbamate (blocks NMDA receptor)
4. Reduce presynaptic Ca influx through type T-channels in thalamic neurons: ethosuzimide, valproic acid

Absent seizures: conscious, brief, child, blank stare
Simple: conscious, jerky, hallucinations
Complex: LOS, psych sx
Tonic-clonic: LOS for <1min (tonic) + 2-5 min of jerky motions and incontenence (clonic)
Status epilepticus: recurrent or continuous seizures of >30 minutes or with no return of consciousness between seizures

Primary anticonvulsants – “the big three are category D”
1. Phenytoin: zero order kinetics (most drugs are first order). SE gingival hyperplasia, fetal hydrantoin syndrome
Increases P450 so it leaves reduces the efficacy of birth control 
2. Carbamazepine: the DOC for trigeminal neuralgia.  SE megaloblastic and aplastic anemia, increased ADH secretion
3. Valproic acid: tx patients with multiple sezures. SE hepatotoxic, spina bifida
4. Ethosuximide: tx absence seizures in kids; MC to be tested

Others
Felbamate and lamatrigine: blocks Na and can cause Steven Johnson Syndrome
Gabapentin: used to tx post herpetic neuralgia 

NOTE: other first order drugs are ethanol and ASA.  “Zero PEAs for me”: phenytoin, ethanol and aspirin.  This means at if you increase the medication in too large of increments, you will get an exponential effect; Vmax will be hit too quickly

Chapter 5: anesthesia 

Inhaled “NO and the -Anes”
Nitrous oxide: high MAC (= low potency); fast onset so fast recovery
Halothane, Desflurane, Sevoflurane: low MAC and slow onset/recovery
Halothane can cause malignancy HTN hepatitis

IV
· Thiopental (Barb): good for induction; lipid sol so it can hide in the fast  short acting because it is pulled out of circulation.  Once the fat is saturated, then it reenters the circulation and works well in the CNS
· Midazolam: Ben so it has an antidote
· Propofol: induces anesthesia and an antiemetic  good for surgeries that induce nausea
· Fentanyl (opioid):  fast onset and short acting; MC to be abused by doctors
· Ketamine (PCP- like): “dissociative anesthetic”; no sensory input and can’t be detected. NMDA receptor antagonist

Locals = weak bases and keeps Na channels inactivated.
Ionized into the active form but can’t cross into the cell to inactivate the receptor.  It must be non-ionized, cross into the cell, ionized, then turn off the receptor.
Esters = 1 i; met by plasma and tissue esterases  allergies
Esters use PABA formation to induce allergies; amides do not use thi
Amide = 2i; met by the liver amidases
Nerve fiber sensitivity
· Small or fast fibers are very sensitive to locals
· Type B and C (pain) > Type A delta (pain and temp) >  type A beta and gamma (touch and pressure) > type A alpha (motor)
· No myelin is targeted first > little myelin > heavy myelin
Locals should be cotx with α1 agonists to increase duration

Toxins
Tetrodotoxin (puffer fish) and saxitoxin (algae toxin, “red tide”): block Na channels and reduce Na influx
Ciguatoxin (exotic fish) and batrachotoxin (frogs): bind to and inactivate Na channels to prolong Na influx

Skeletal muscle relaxants: block Nm receptors but need 2 Ach to block
SE: atypical pseudochoinesterase, hyperkal, malignant hyperthermia
1. Non-depolarizing, competitive (bind and release) antagonists: does not affect the heart, sm mm, and CNS.  Reverse with ACHEI (neostigmine, pyridostigmine) 
“Curium or curonium”
Atracurium: safe in hepatic and renal impairment because it is spontaneously inactivated
Mivacurium: met by plasma cholinesterase to a metabolite, laudanosine, this causes seizures
2. Depolarizing, noncompetitive, agonist:  succinylcholine
It looks like Ach (agonist part); 
No antidote; AchEI increase phase 1 and have no effect on phase 2 (hydralized by pheudocholinesterase
Phase 1: flaccid paralysis; phase 2: works at the NMJ to desensitize

NOTE: patients are predisposed to malignant hyperthermia due to L-type Ca channel mutation  mm rigidity and increased temperature.  Offenders: Succinylcholine > halothane > turbocurarine.  Tx: dantrolene because it blocks the Ca and the mm rigidity
Central acting skeletal mm relaxants
Ben through GABAA
Baclofen through GABAB
Tx for acute mm injury (that induced excessive mm tone or spasm) and CNS dysfunction ( cerebral palsy, MS, stroke)

Chapter 6: opioid analgesics
Mu (µ) receptor is very important and is Gi coupled
Opioid receptor is found in
Presynaptic receptors: reduces Ca influx  reducing substance P release (a pain nt)
Postsynaptic receptor: increase K efflux  hyperpol the mm  no pain signal transferred
Benefits
Analegesia, miosis, N/V/cough
Sedation on OD  fetal due to brain stem respiratory center depression 
Vasodil using histamine  increases ICP so should not be used for traumas
Sm mm influence
Circular: constricts  reduces GI (induces constipation) and biliary cholic so cotx with a laxative
Longitudinal: relaxes
	Strong µ agonist
	Meperidine: atropine-like; blocks mm receptors but not biliary receptors; watch for 5HT syndrome
Methadone: used to help with withdraw; long lasting so it is easy to taper down
Morphine
Fentanyl 

	Weak µ agonist
	Codeine
Hydrocodone
oxycodone

	Mixed agonist: 
κ and µ agonist
	Nalbuphine
Pentazocine
Buprenorphine: µ agonist only when used alone
	Don’t give mixed with full agonist  immediate withdraw effects because the mixed blocks the µ 

	Antagonists
(Antidotes)
	Naloxone: short onset/acting  IV tx used to reverse respiratory depression
Naltrexone: long onset/acting  PO; used to reduce cravings in opioid addiction



SE: pinpoint pupils, constipation, PNS SE (lacrimation, salivation, sweating) – tolerance develops to all the SE except the pupils and constipation
Clonidine: α2 antagonist  reduces SNS outflow
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