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Section 1: General Principles
Twelve drugs to know

· Warfarin

· Digoxin

· Beta blockers

· Phenytoin

· Phenelzine

· Lithium

· Cimetidine

· Aspirin

· Acetaminophen

· Loops and thiazides

· Theophylline

· ACEI/ARBs

Chapter 1: Pharmacokinetics 

Pharmacokinetics: what the body does to the medication
Pharmacodynamics: what the drug does to the body

Primary metabolizer: liver

Primary excreter: kidneys

Ionization – most medications are weak acids or bases

Non-ionized drugs: can cross membranes because of the lack of charge; harder to clear

Ionized drugs: cannot cross membranes because the charge holds them back; easier to clear

[image: image5.png]Tyrosine, i tyrosine > dopa 3| dopamine

Vesicular dopamine
Inactive B hydroxylase

aor B receptors




Acids are cleared in basic urine.



Bases are cleared in acidic urine.

Renal filtration

Rules of ionization do not apply to the glomerulus

Only free, small molecules are filtered regardless of the ionization status

PCT do follow ionization rules and this is where antidotes use those rules to remove toxins

Acidify urine (use NH4Cl, vitamin C, cranberry juice) to increase ionization of a weak bases (like amphetamine, PCP)

Alkalize urine (use NaHCO3, acetazolamide) to increase ionization of weak acids (like ASA)

Transport 

If a carrier exists, then it can be saturated, ergo only facilitated and active can be saturated and passive diffusion can not

Distribution

Most drugs needs a protein carrier which leaves most inactive – because of the carrier – while in the body.  This causes competition if multiple drugs need the same carrier

Warfarin + sulfonamides: sulfonamides win ( warfarin toxicity (increased bleeding time, bruising)

Sulfonamides + unconjugated bilirubine: sulfonamides win ( displace unconjugated bilirubin thereby increasing the Cp ( kernicterus and bilirubin encephalopathy in neonates

Metabolism

Three outcomes of metabolism

1. The drug can be metabolized into an inactive form (80%)

2. The drug can become an active metabolite (ex: benzodiazepines

3. The drug can start as a prodrug and become the active drug form after metabolism (ex: antiviral and anticancer medications)

Phase 1 modification: use oxidation, reduction, hydrolysis via the cytochrome P450

Inducers: increase gene expression ( reduced [substrate] ( the need to increase the dose


Medications (ABCG PQRS): alcohol, benzodiazepines, carbamazine, griseofulvin, Phenytoin, quinidine, rifampin, St. Johns Wart
Inhibitors: reduce gene expression ( increased [S] ( the need to reduce the dose or SE will occur


Medications (PICK SAGE): protease inhibitors, isoniazid, cimetidine, ketoconazole, sulfonamide, acute alcohol, grapefruit juice, erythromycin

Phase 2 modifications: conjugation using a transferse enzyme

Glucuronidation uses glucuronyltransferase to add glucose

Gray baby syndrome or chloramphenical toxicity: lack of enzyme increases the [drug]

Gilber or Crigler-Najjer syndrome: the enzyme is deficient and bilirubin is increased

Acetylation uses acetyl transferase to add acetyle groups. People can be fast or slow acetylators

Drug induced SLE are because of slow acetylators.

Medications for DI-SLE (SHIPP): sulfonamide, hydralazine, isoniazid, procainamide, Phenytoin

Pharm calculations

Volume of distribution (Vd) = (dose) / ([plasma])

Half life (T½) = (0.7)(Vd)(Clearance)

Loading dose (LD) = (Vd) ([plasma])

Maintenance dose (MD) = [ (Cl) ([plasma]) ] / f

Chapter 2: Pharmacodynamics 
Drug-Response Cuves
TI = TD50/ED50 = B/A

The lower TI, the less likely toxicity will occur because of the larger window of error 
Low TI drugs = closer monitoring required to prevent toxicities

Theophyline, digoxin, warfarin, lithium
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Signaling mechanism

Gs = increased camp and protein kinase A = B1 and B2 receptors


Gs are the Same two

Gi = reduce camp and protein kinase A = α2, M2 and D2 receptors


Gi’s are the tri Di’s
Gq = IP3/DAG and protein kinase C = M1, M3 and α1 receptors


The cute MAM

Section 2: Autonomics

Chapter 1: Autonomic nervous system
Anatomy 

All of the first nts are cholinergic, Ach*

All of the first receptors are cholinergic, nicotinic (Nn)¥
Adrenergic receptors for NE and epi nts are α and B receptors


Epi will act with or without innervation. Produced in the adrenal medulla and stays in the blood stream
NOTE: the only muscarinic receptor with SNS innervation.  Influences sweat glands and piloerector muscles
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Blood pressure control
BP = (TPR)(HR)

Blood vessels have a larger influence over blood pressure than the heart

When you read “a patient’s BP went…”, start with the vessels when determining the cause

Heart have PNS M2 and SNS B1

Vessels have only SNS α1 and B2

Scenarios


Increased BP ( heart ( M2 (Gi) to reduce camp ( reduce BP to normal

Decreased Bp ( heart ( B1 (Gs) to increase camp ( increase BP to normal

α1 (Gq) in the vessels ( increased TPR and increased BP ( reflex bradycardia due to M2 (Gi)

B2 (Gs) in the vessels ( reduced TPR and increased BP ( reflex tachycardia due to B1 (Bs)

All reflexes are blocked by ganglion blockers

Tracings 

1. Assess BP (TPR and vessel aspect)
a. Upward deflection then α1 (Gq) is being stimulated at the vessels
b. Downward deflection then B2 (Gs) is being stimulated at the vessels

2. Assess the HR (CO and heart aspect)
a. Tachycardia then B1 (Gs) is being stimulated at the heart

b. Bradycardia then M2 (Gi) is being stimulated at the heart
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Chapter 2: Cholinergic (PNS)
What can Ach do?

1. Bind to  post synaptic receptor 

2. Be metabolized by acetylcholine esterase (major pathway of Ach removal) into choline and acetate

3. Bind to autoreceptor on the pre synaptic cell to complete the negative feedback loop.  M2 inhibits the Ca+ stimulation that triggers Ach vesicle release

Inhibitors of the cholinergic NMJ

1. RLS is inhibited by Hemicholinium

2. Ach release from nn is inhibited by botulinum toxin

3. AChE is inhibited by AChE inhibitors BUT it needs a neuron to work
a. If the presynaptic nerve is removed, then AChEI has no AChE to inhibit because it is attached to the nerve
Cholinergic receptors = PNS response except the SNS M receptor on sweat glands and piloerector mm
Nicotinic: Nn or Nm


Nn are inhibited by ganglionic blockers – all PNS and SNS first receptors

Nm are inhibited by NMJ blockers – skeletal mm
Stimulators of the receptors: Ach and nicotine

Low dose nicotine = PNS effects because that is the dominate system

High dose nicotine = SNS effects b/c PNS is overstimulated and inactivated thereby leaving SNS by default

Muscarinic: M1 (CNS), M2 (heart), M3 (periphery)

All Muscarinic receptors are blocked by Muscarinic blockers

Stimulators: Muscarinic agonists

Effects are PNS…special situations:

All sphincters relax except LES (reduce GERD?)

Stimulation causes PNS and sweating due to SNS’s M receptor

Vessels dilate ( reduced BP but not due to nn innervation

Muscarinic agonists (nonselective physiologically ( stimulates M1, M2, M3)
1. Ach – short t1/2 ( not clinically important

2. Bethanechol – increases GI/GU activity ( used to tx ileus and urinary retention

3. Methacholine – used to dx asthma 

4. Pilocarpine – used topically to tx glaucoma and orally to tx xerodermia (but get more sx because it is systemically distributed)

Sjogren’s syndrome: have reduced fluids because lymphocytes fill the lacrimal and salivary glands. Tx with pilocarpine to increase salivary production BUT will get increased PNS SE (diarrhea…)

Acetylcholinesterase inhibitors (nonselective so effect all N and M to increase Ach)
1. Edrophodium – used to dx myasthenia gravis or differentiate between MG and cholinergic crisis
a. Both have muscle weakness

b. Tx with edro will make sx better with MG but will have no change in sx with CC

2. Physostigmine – lipid soluble ( can enter the CNS ( has more SE.  Used to tx atropine OD

3. Neostigmine, Pyridostigmine – charged ( can’t enter the CNS ( fewer SE. Used to tx MG

4. Donepezil, tacrine – lipid soluble ( can enter the CNS ( has more SE but the benefit is it is used to tx Alzheimer’s disease

5. Organophosphates – insectasides (malathion, parathion) and nerve gas (sarin) ( DUMBBELSS

a. Diarrhea, urination, miosis, bradycardia, bronchoconstriction, excitation of mm and CNS, lacrimation, salvation, sweating

i. Excitation of mm and CNS because the Nm receptor is stimulated

b. Treatment – important to do before aging (conformational changes of the drug) occurs and before diaphragm stops

i. Atropine: blocks the M receptors and reduces all but the Nm SE – the diaphragm isn’t moving yet!

ii. Pralidoxime: prys the drug off the Achase thereby ‘regenerating it’ in the NMJ.  All DUMBBELSS are stopped including the Nm excitation
Muscarinic antagonists – atropine is the prototype which can enter the CNS. Antidote is physostigmine. 

(Sx: mad as a hatter, blind has a bat, dry as a bone, hot as a hare, red as a beet, bloated as a toad)
Mydriasis ( eye exams but bad for elderly, specifically with glaucoma

Hyperthermia without sweating ability ( atropine flush; kids will die from the high heat

Tachycardia ( can treat AV blocks

Sedation

Urinary retention and constipation

Increases behavior excitation and hallucinations 

Muscarinic antagonists (“-tropium”)

1. Atropine – prototype 
2. Tropicamide – eye exams

3. Ipratropium

4. Scopolamine

5. Benztropine and trihexyphenidyl
6. Tolterodine, oxybutynin – urinary incontinence
Other Muscarinic antagonist-like drugs which present with dry mouth, tachy, urine retention 

1. First generation antihistamines

2. TCA: cardiotoxic because of the increased HR

3. Antipsychotics: chlorpromazine, thioridazine

4. Quinidine

5. Amantadine: parkinson’s treatment

6. Meperidine: an opioid

Nicotinic antagnosts = ganglionic blockers ( all Nn but not Nm or muscarinic
1. Hexamethonium

2. Mecamylamine
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Chapter 3: Adrenergic (SNS)
What can NE do?

1. Bind to post synaptic receptors (α or B)

2. Metabolized by COMT

3. Reuptake into presynaptic nn (major pathway)

4. Bind to presynaptic α2 for negative feedback.  Once taken back up, MAO degrade NE into inactive metabolites

Increase NE in the synapse ( increasing adrenergic stimulation

· MAOI (phenelzine): stops the degradation of NE that was taken back up by the α2. NE is instead repackaged
· Amphetamines: kicks the NE that was taken back up, back out

· Cocaine and TCA: block reuptake

Reduce NE in the synapse ( reduce adrenergic stimulation

· Methyl-p-tyrosine: blocks the RLS

· Clonidine methyldopa: increases α2 stimulation to make the cell thing it is real negative feedback

· Reserpine: destroys the NE vesicle before it is  exocytosed

· Guanethidine: blocks exocytosis of the vessel by not letting it bind to the synapse membrane

Adrenergic receptors = increases SNS effects
α1 (Gq)
Radial mm of the eye = mydriasis; useful for eye exams

vv and aa vessels (primarily at the organs) = increased preload and afterload ( increasing BP and reflex brady

Prostate: constriction of the sm mm ( urinary retention and BPH

α2 (Gi)
Presynaptic nn = reduced NE
Pancreas = beta cells stimulated ( reduced insulin secretion (the major SNS of the pancreas)

B1 (Gs)
Heart = increase HR
Kidney = increase rennin release from the JGA

B2 (Gs): only EPI activates…no nn innervation!
Vessels (skel mm) = vasodilation

Sm mm = relaxation (uterus, bronchioles)

Skel mm = increase glycogenolysis ( tremor can develop when in excess

Liver = increases glycogenolysis

D1 (Gs)

Renal = vasodil ( increased RBF, GFR and Na secretion
Adrenergic agonists

α1 (Gq): phenylephrine (PE) ( nasal decongestant that also works on the Prostate and Eyes

α2 (Gi): clonidine, methyldopa ( HTN

B agonists
Isoproterenol: B1 = B2

Dobutamine: B1 > B2

Salmeterol, albuterol, terbutaline: Selective B2

Mixed agonists: NE and Epi

NE: α1, α2, B1 (not B2 because that would require nn innervation)
Short term tachycardia with long term bradycardia – that’s the dominate effect because of the vessels

Pretx with atropine = increased because of α1; increase HR because of B1 but no α2 because it is blocked ( no reflex bradycardia observed

EPI = α1, α2, B1, B2

Low dose: B1 and B2 only (looks like isoproterenol) = increases HR, PP but reduces BP

High dose: α1 and B1 only (looks like NE) = increased BP, increase HR, reflex brady

Pretx with α1 blocker then B2 is unmasked and becomes dominant effect = reduced BP risk
Pheochromocytoma looks like high dose epi.  It is txed with α1 blocker and can cause hypoTN
Uses for NE and Epi: with local anesthetics to keep it at the site longer
Uses for Epi only: anaphylaxis and asthma – for the B2 effects

Indirect andrenergics (do NOT operate at the receptor ( need a nn to work)

1. Amphetamines: displace NE from mobile pool – also increases DA and 5HT

2. Tyramine: met by MAOI.  If combined with MAOI or too much wine/cheese, increase NE to the point of HTN crisis

3. MAOI

a. MAOIA: works Anywhere and mets NE, 5HT and tyramine

b. MAOIB: works in the Brain and mets DA

4. Ephedrine: cold medications that increases NE

α antagonists – may cause reflex tachy
Nonselective α: tx pheochromocytoma

1. Phentolamine = competitive 

2. Phenoxybenzamine = noncompetitive (abnormal inhibition) ( longer effects of the drug

α1 selective

1. prozosin, dozaxosin, terazosin: BPH and HTN (α2 > α1)

2. tamsulosin = BPH tx

α2 selective

1. yohimbine = postural hypoTN and impotence

2. mirtazepine = inhibits an inhibitory receptor ( stimulates the pathway ( increased NE

B antagonists

B1: reduce HR, SV, CO, rennin AND aqueous humor production

B2: broncho/vasospasm, reduce glucose

NOTE: A-M is B1 only; N-Z is Nonselective BB

Acebutolol and pincolol have high ISA ( they are partial BB ( HR doesn’t drop as much, fewer SE and lipids don’t increase as much as the others

Timolol = glaucoma tx because it doesn’t stabilize the membrane and doesn’t affect local anesthetics

Propranolol = tx essential tremor because it reduces the B2 of the skel mm that is causing the tremor

NOTE: -alol or -ilol means BB and something else

Labetalol and carvedilol = α1 and BB ( tx for HTN and CHF

Sotalol = K+ blocker and BB ( antiarrhythmic

Glaucoma (page 45 and 65)

Accommodation is not the pupil size but is the shape of lens

1. Use Muscarinic agonist (PNS) to contract the sphincter mm = miosis and accommodation

2. Use α1 agonist (SNS) to contract the radial mm = mydriasis

3. Use Muscarinic antagonist (anti-PNS) = mydriasis and cyclopegia (paralysis of the ciliary mm)
Eye exam goal: muscarinic antagonism ( mydriasis without accommodation (cyclopegia)
Tropicamide (sphincter mm) 

Phenylephrine (radial mm) 

	
	Open angle = slow increase in IOP
	Closed angle = fast increase in IOP

	Cause
	Too much fluid made;

Drains too slowly
	Canal of schlem blocked

	Treatment
	Timolol and acetazolamine
	Pilocarpine, echothiophate and mannitol

	Mechanism of tx
	Reduce fluid formation
	Increase the outflow of fluid




















