Pharm – Neurology, Pain

	Name
	Spectrum
	Mechanism
	Pharmacokinetics
	Toxicities
	Miscellaneous



	L-DOPA
	Parkinson’s
	Can cross BBB

Given with an AADC inhibitor (carbidopa, benserazide) (called Sinemet, Madopar) and a COMT inhibitor (tolcapone, entacapone) (extends t1/2)
	T1/2 = 1-2hrs

F=100%
	Large swings in serum conc. – on and off periods of dyskinesias and recurrence of disease symptoms

Nausea, orthostatic hypotension, hallucinations

Chronic if used more than 5 years – wearing-off, on-off phenomenon, disabling dyskinesias – avoid pulsatile blood levels
	Controlled-Release have slower onset, reduced peak blood levels, and longer duration of action, lower F, higher cost

	Dopamine Agonists

Pramipexole, bromocriptine

Pergolide
	Parkinson’s
	
	Long t1/2 
	Nausea, somnolence, hallucinations, orthostatic hypotension

No chronic side effects
	Some dystonia pts respond to augmenting, some suppressing

	Anticholinergics

Benzotropine, trihexyphendyl
	Parkinson’s – tremor in younger pts
	
	
	Not well tolerated in elderly: impaired cognition, dry mouth, constipation, urinary retention
	

	Selegiline
	Parkinson’s
	MAO inhibitor – prevent formation of active toxin MPP+
	
	
	

	Amantadine
	Parkinsonian
	Weak anticholinergic, weak dopamine releaser, weak glutamate antagonist
	
	Hallucinations, insomnia, and other anticholinergic effects
	

	Dopamine Antagonists

Haloperidol, fluphenazine
	Huntington’s chorea
	
	
	Tardive dyskinesia
	

	Tetrabenazine, reserpine
	Huntington’s 
	Deplete dopamine stores by displacing it from vesicular storage sites
	
	R: depression, hypotension
	

	Beta-blockers
	Essential Tremor (w/ HTN)
	
	
	Hypotension, fatigue, impotence
	

	Anticonvulsants
	
	
	Many children and some adults stop having seizures after a period of Rx of 2-4 years
	Powerful inducers of drug metabolizing enzymes

Induce metabolism of contraceptive medications, endogenous hormones (menstrual irregularities or ovarian disorders)

Teratogens
	Anticonvulsant Embryopathy: deficiency of detoxifying enzyme epoxid hydrolase – increase in free radicals 

Folic acid supplements have not prevented malformations in some women

	Phenobarbital 
	Generalized or focal motor seizures

Barbiturate
	Enhances action of GABA at receptor
	Hepatic metabolism, long t1/2
	Cognitive and behavioral side effects, depression

Alters metabolism of other drugs
	Loading dose after lorazepam (water-soluble) or diazepam for status epilepticus

	Primidone
	Generalized or focal motor seizures
	Enhances action of GABA at receptor
	Hepatic metabolism with conversion to phenobarbital and PEMA

T1/2 = 8hrs, PEMA =20hrs
	Cognitive and behavioral, ataxia, induces metabolism of other drugs
	

	Phenytoin
	Generalized and focal motor and partial complex, motor status epilepticus
	Blocks sodium channels to inhibit sustained repetitive firing
	Hepatic metabolism

Saturates its metabolizing enzyme in high clinical range of blood levels

No IM administration due to poor water solubility
	Ataxia at high doses, gum hypertrophy, excessive hair, cardiac arrhythmias, local skin rxns (purple glove syndrome)

Induces metabolism of other drugs
	Fosphenytoin – water soluble pro-drug – fewer local rxns

	Carbamazepine
	Generalized and focal motor, partial complex
	Blocks sodium channels
	Hepatic metabolism

Induces own metabolism so low starting dose
	Few cognitive side effects.  Leukopenia, aplastic anemia.

Disorientation at high levels, hyponatremia.

Induces metabolism of other drugs
	

	Valproic Acid
	Generalized and focal motor, partial complex, generalized absence and myoclonic seizures
	Blocks sodium channels

Enhances action of GABA at receptor
	Liver oxidation 

T1/2 = 6-12hrs
	Heartburn, weight gain, hair loss, polycystic ovaries, irregular menses

Fatal hepatic necrosis in children less than 2 years

Myelomeningocele
	Most versatile anticonvulsants active against all major seizure types

	Lamotrigine
	Generalized focal and motor, partial complex, generalized absence seizures
	Blocks sodium channels, glutamate release
	Glucuronidation in the liver

Impacted by valproic acid (increases t1/2)
	Life-threatening rashes
	

	Ethosuximide
	
	Blocks calcium channels
	
	
	

	Tiagabine
	
	Blocks GABA reuptake
	
	
	

	Topiramate
	
	Blocks AMPA glutamate receptor
	
	
	

	Vigabatrin
	
	Blocks GABA breakdown
	
	
	

	Benzodiazepines

Lorazepam, diazepam
	Status Epilepticus

Sedative – calmness

Situational anxiety

Insomnia – hypnotic drugs of choice
	Enhances action of GABA at receptor
	Hepatic with active metabolites

Elderly require lower doses as pharmacodynamic/kinetics change

Small doses with frequent nights tried w/o therapy
	Early morning insomnia – awake 

Seizures in chronic users
	

	Flumzenil
	Rapid termination of benzodiazepine narcosis

Antidote to benzodiazepine intoxication

Diagnostic clarification of unconsciousness
	Antagonizes at CNS benzodiazepine receptor
	Elimination via liver

T1/2 40-80min
	Nausea, dizziness, abnormal crying

Overdose: nausea, vomiting, dizziness, agitation, abnormal crying, anxiety
	Contraindicated in pts with signs of serious tricyclic antidepressant toxicity

	Buspirone
	Sedative

Chronic anxiety syndrome (as a non-benzodiazepine)
	Alpha2 adrenergic receptor antagonist

May involve serotonin and dopamine receptors
	
	Side-effect frequency unchanged in elderly vs. young
	

	Zoldipem
	
	Binds to benzodiazepine receptors in the brain

Little effect on stages of sleep
	
	Mild rebound insomnia, blurred vision, unsteadiness, nausea
	

	Propofol
	General Anesthesia 
	
	Extreme lipid solubility – redistributes into fat of body

Redistribution T1/2 = 2-4 min

With continuous admin, discontinuation determined by elimination T1/2
	
	Injection with local lidocaine relieves significant discomfort 

If left to ferment for 6 hrs, will support growth of bacteria – severe blood infections

	Barbiturates

Thiopental, Thioamyl, Methohexital
	General anesthesia with a rapid awakening secondary to redistribution

Decrease ICP

Depresses RAS
	Act on GABA receptors-prolong effect of GABA
	Hepatic metabolism
	Depressed ventilation, apnea, peripheral vasodilation with hypotension
	

	Etomidate
	Rapid induction and awakening

Decrease ICP
	GABA receptors
	Rapid hepatic metabolism
	Cerebrovasoconstriction, suppression of EEG, adrenal axis suppression, peripheral vasodilation, respiratory depression, apnea

Myoclonus, burns on injection
	More cardiovascularly stable than propofol or barbiturates  - Less cardiac depression and hypotension

	Ketamine
	Preserves cardiovascular and pulm status
	Mimics and releases endogenous catecholamines to support BP and HR

Blocks NMDA channels where glutamate acts ( depresses consciousness
	
	Tachydysrhythmias

Increases salivation ( laryngospasm

Increases cerebral blood flow ( raises ICP
	Analogue of PCP – dysphoric rxns ameliorated by prior Rx with benzodiazepines

	Succinylcholine
	Depolarizing Neuromuscular blocker ( paralysis prevents spontaneous ventilation, relaxes jaw, and opens vocal cords
	Mimics the effect of 2 acetylcholines on alpha subunits at junctions ( leads to contracture followed by flaccid paralysis
	Time to recovery 6-10min

Rapidly metabolized by serum pseudocholinesterase (renal)

Rapid onset and offset

High, repeated dosages and infusions: acts like Phase II, non-depolarizer ( not readily reversed
	Myalgias, sore throat, hyperkalemia, bradycardia/arrythmias, increased ICP/intraocular pressure, malignant hyperthermia
	NB: with burns and spinal cord injury, extrajunctional receptors are created ( very sensitive to depolarizing agents ( DO NOT USE

Effects monitored with electricity to ulnar nerve( four twitches in series are equal in amplitude, with sequential series in small amps

	Pancuronium

Mivacurium, Vecuronium, Rocuronium, Pipecuronium, Atracium, cis-atracarium
	Non-depolarizing Neuromuscular blocker
	Bind to one of the alpha subunits and prohibits channel opening

No muscle contraction, just flaccid paralysis
	Panc. Acts at muscarinic, slow

Rest: Do not cross BBB

Acts at nicotinic cholinergic receptors
	Effects prolonged by volatile anesthetics, aminoglycosides, clindamycin, hypermagnesemia, hypothermia

Panc: vagolysis, tachycardia

Atra, Miva: histamine release (bronchospasm, hypotension

Laudanosine, metabolite of atra (seizures
	Related to curare

Effects monitored with electricity to ulnar nerve ( fourth twitch significantly smaller than first

	MAC = Minimum Alveolar Concentration
	Partial pressure at which half pts will move on surgical stimulation
	Lower MAC, less agent required for same effect
	Increased by young age, hyperthermia, chronic alcohol abuse, acute amphetamine abuse
	Decreased by hypothermia, narcotics, barbiturates, cannabis, benzodiazepines, pregnancy, older age, preoperative visits, clonidine, dexmetatomidine
	Pharmacodynamics 

	Isoflurane
	Very potent volatile anesthetic (inhalational agent)
	
	Low MAC – very potent
	Pungent smell

Potent vasodilator, reflex tachycardia

Potent bronchodilator, cerebral vasodilator

( BP by ( afterload
	Cheap

	Nitrous oxide
	
	
	MAC = 100% - least potent
Least soluble agent in blood ( reaches equilibrium fastest ( faster induction 
	Effects B12 metabolism
	Cheap

	Halothane
	Volatile anesthetic
	
	Most potent

Metabolized by liver 

Slow onset and offset
	Hepatotoxic

Tachydysrhythmias esp with catecholamines

Potent bronchodilator

( BP by ( contractility
	Cheap

Contraindication: liver dz

	Desflurane
	Volatile anesthetic
	
	Minimally metabolized

Fast onset and offset
	Irritating to airway ( coughing, laryngospasm

Tachycardia
	Expensive

Requires special heated, pressurized vaporizer

	Sevoflurane
	Volatile anesthetic
	
	Fast onset and offset
	Minimally noxious smell

Reacts with CO2 absorbers to produce a toxin
	Expensive

	Neostigmine
	Reversal agent 
	Acetylcholinesterase inhibitor - ( amt of acetylcholine available to displace NMB agent (competitive inhibition
	
	Too much( bradycardias

To offset: atropine (antimuscarinic agent) used to block some of excess acetylcholine 
	

	Neuroleptics
	@ substantia nigra ( extrapyramidal motor function

@ limbic regions ( emotional behavior ( antipsychotic effects

@ hypothalamic arcuate nucleus ( anterior pituitary gland ( seretion of plasma prolactin
	Mimic structure of dopamine ( antipsychotic potency

More specifically – block D2 receptors (D3 and D4 show no antipsychotic effect)
	
	Extrapyramidal parkinsonian side effects – rigidity or tremor, akathisia (motor restlessness) or abnormal movements

( plasma prolactin ( sexual dysfunction amennorhea and predisposition to breast cancer

Anticholinergic

Tardive dyskinesia (hypermotility like on high doses of L-DOPA, due to supersensitivity of dopamine receptors) after prolonged use of high doses ( can be irreversible
	

	Haloperidol
	Neuroleptic
	Highly potent at D2 and weak at D1 receptors
	
	
	

	Phenothiazines
	Neuroleptics
	
	
	Orthostatic hypotension and sedation (with alophatic side chains)
	

	Clozapine
	Atypical neuroleptic
	Blocks serotonin 5HT2 receptors

Benefits negative and positive symptoms

Treats schizophrenia
	
	Lesser incidence of extrapyramidal side effects, 

no tardive dyskinesia

Agranulocytosis – fatal

Quite sedating ( postural hypotension, major anticholinergic effects, 

Drooling
	

	Risperidone, Olanzapine, Quetiapine
	Newer atypical neuroleptics
	Blocks serotonin 5HT2 receptors
	
	No agranulocytosis, less sedation
	Olanzapine – drug of choice

	Opiates 
	Analgesics that act at Mu, Delta, and Kappa receptors 

· Dorsal part of spinal cord

· Vagal nuclei in brain stem to mediate autonomic effects

· Limbic structures to mediate emotional, euphoric effects

· Brain stem and lateral geniculate to mediate miosis

· Thalamic nuclei to mediate affective component of pain perception
	Inhibit release of neurotransmitters through receptors located on nerve terminals ( inhibit nerve function

Analgesia: supraspinal - lateral thalamic nuclei 

Increase pain threshold by spinal cord action – inhibit release of substance P

Euphoria in limbic areas (amygdala)

Pupillary constriction, “pinpoint”

Nausea

Constipation ( ( propulsive contractions and increase nonpropulsive contractions and tone of biliary and ileocecal sphincters, ( hypersecretion of fluid and ions in diarrhea
	Demonstrate existence of specific and selective receptors – agonist and antagonist activity

Mixed agonist-antagonists less addictive ( Mu receptors

No ceiling effect

Use NSAID for analgesic dose-sparing
	Kappa agonists – less respiratory depression, but dysphoria and psychotomimetic effects (disoriented and depersonalized feelings)

Respiratory depression – fatal, abolish involuntary respiratory reflexes, must be told to breathe

Tolerance and physical dependence from chronic stimulation of receptor subtypes

Tolerance: ( duration of relief, then ( level of relief

Drug Interactions: MAO inhibitors, Phenothiazines


	Loading dose: 5mg IV/10mg IM/30mg PO

Maintenance: less than initial to sustain analgesia, continually change due to dz and tolerance

Supplemental for fluctuating pain: 1/6 total daily dose, up to q2h

Round the clock analgesia reduces opiod requirements by ½

Switching due to variable side effect and tolerance profiles of each pt/drug – equianalgesic dose

	Enkephalins 
	Endogenous neurotransmitters that mimic morphine at opiate receptor binding sites

Help explain many actions of opiate drugs
	In small interneurons in dorsal of spinal cord with dense band of opiate receptors ( analgesia for sensory pain fibers that synapse here, utilizing substance P
	
	
	

	Morphine
	Analgesia, esp post-op

Peripheral, Spinal, Central

Sickle Cell Dz – IV bolus, hourly rescue
	
	Poor F – IV use only

Slow CNS penetration 

Glucuronide metabolite

Duration – 4hrs, peak effect 1.5-2hrs


	
	Sustained release form MSContin q12h – long term easy administration

Take 2/3 of total daily dose and divide into 2 doses (q12h)

	Hydromorphone
	High potency analgesic

Useful with fluid volume limitation (CHF, renal dz)
	
	
	
	

	Codeine
	Analgesia – moderate

Cough
	
	Inactive – metabolized by P450 to morphine

Excellent F
	Less of a euphoriant than morphine, minimal abuse liability
	Derivatives – oxycodone, hydrocodone

Combined with acetominophen (Tylenol)

	Loperamide
	Diarrhea
	Remains in gut lumen and causes constipation
	Extreme hydrophobicity

Negligible blood levels after low blood use

No IV formulation 
	No euphoria

Not abusable
	

	Meperidine
	Pre-procedural pain

Smooth muscle diminished effects

Obstetrical pain

Acute pain – very short course

No use: pain >48hrs, renal failure, decreased seizure threshold, sickle cell dz, MAO inhibitors
	Pure agonist of Mu
	More effective by injection

Greater penetration to brain than morphine,

Low peripheral tissue levels, less smooth muscle spasm

Duration 3hrs 
	No constipation

Metabolite causes irritability, dysphoria, and at high levels, convulsions
	Preferred over morphine b/c it increases biliary sphincter tone

Cirrhosis ( conc (t1/2, F)

	Normeperidine
	
	
	Meperidine metabolite

T1/2 15-20hrs – accumulates longer
	Conc related CNS excitotoxin

(Anxiety, tremor, myoclonus, seizures)
	Cirrhosis ( conc (t1/2)

	Fentanyl
	IV - Anesthesia 

Patch – slow onset

Oral – Chronic pain – fast onset
	
	High lipophilicity – rapid CNS action

IV 3-5 min
	
	For long term pts unable to take oral meds

	Dextromethorphan
	Cough
	Receptors in vagal nuclei in brain stem (nucleus ambiguous or solitary nucleus)
	
	No euphoria
	

	Heroin
	
	
	Inactive – deacetylation req.

Hepatic metabolism

Delayed onset po 30’, IV 10’

Easy access to brain

Duration 4hrs

Rapid onset of withdrawal
	Euphoriant rush
	

	Methadone
	Heroin addiction
	Minimizes euphoriant actions ( allows pts to function normally w/o craving for drugs and w/o an altered state of consciousness
	Orally active

Long lasting
	
	

	Buprenorphine
	Heroin addiction
	Mixed agonist/antagonist of Mu receptor

Not psychotomimetic
	Longer lasting

Oral
	Less addicting than methadone
	

	Naloxone
	Opiate overdose
	Opiate antagonist
	Not orally active, short acting

IV 
	
	

	Naltrexone
	Opiate addiction

Alcoholism
	Pure antagonist
	Orally active

Must be taken regularly
	No euphoria
	

	Pentazocine
	Analgesia
	Mixed agonist/antagonist
	
	Less addicting

At higher doses ( psychotomimetic
	

	Tramadol
	Moderate pain
	Weak agonist at Mu

Only partially blocked by naloxone
	
	Less respiratory depression than others, less addicting
	

	Lidocaine
	Local anesthetic – Amide

Brachial plexus and individual nerves (w/o epinephrine)

Central nerve blocks - C-section (epidural), Spinal 
	Bind to and close transmembrane sodium channels on nerves
	Rapid dilution in blood and well perfused organs

Slower steady state of distribution into large buffer of less perfused organs 

2nd Fastest onset - IV fastest method

Hepatic metabolism
	CNS – excitation followed by depression with ( dose

Cardiac – indirect – inhibit autonomic pathways, direct – depress conduction system
	

	Chloroprocaine
	Central nerve block – delivery (epidural)
	
	Fastest speed, shortest duration, most toxicity
	Neurotox 
	

	Bupivacaine
	Central nerve block – labor (epidural), spinal
	
	Slow speed, long duration, low tox
	Enhanced cardiotox
	

	Lithium
	Mood stabilizer 

Acute mania 10-30days

Prophylaxis of mania and depression - ( likelihood of relapse and shorter duration 

Augmentation Rx for depression
	· Inositol depletion and suppression of activity (hypothesis)

· Protein Kinase C inhibition in hippocampal region of brain

· GSK-3B inhibition (regulates cytoskeletal processes)

· BCL-2 upregulation - neuroprotective
	T1/2 24 hrs

Typical dose: 900-1500mg/day in two doses
	Thirst, ( urination

Tremor

Weight gain

Hypothyroidism

( creatinine due to interstitial nephritis

At high levels: ataxia, dysarthria, delirium, nausea, diarrhea, seizures, renal failure
	Interactions with thiazide diuretics, NSAIDS
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