	
	

	
	

	Abuse liability
1. Name 4 methods to assess abuse liability

2. What strategies can be used to design drugs with reduced abuse liability?

3. What is a potential obstacle to engineering strategies?
	Behavioral pharmacology of drug abuse

1. What are the 3 types of influences that result in drug abuse?

2. What may be the most effective treatment for drug abuse?

3. What is the driving force for relapse to drug abuse?
4. In regulatory scheduling which schedule has approved medical use and high abuse liability?

	Opioids

1. Name 6 examples

2. What are the acute effects?

3. What is the chronic toxicity?

4. Is physical dependence/withdrawal syndrome a risk and if so what is the syndrome?
	CNS Stimulants

1. Name 2 examples

2. What are the acute effects?

3. What are the chronic toxicities?

4. Is physical dependence/withdrawal syndrome a risk and if so what is the syndrome?

	1. Influences

· Antecedent – conditioned craving and tolerance

· Behavioral availability – mechanism of regulatory control

· Drug use and drug-seeking may be influenced in opposite directions

· Consequence – consequence and available choices

· Delay and uncertainty reduce efficacy of consequences

2. Incentive-based treatments

3. Positive reinforcing effects of drugs (not withdrawal effects)

4. Schedule II

5. 
	1. Methods to assess 

· Profile and time course of effects
· Drug discrimination

· Drug self-discrimination

· Physical dependence testing

2. Drug design

· Atypical R activities

· Partial agonists

· Mixed antagonist/agonists

· Drug combos

· ↑ and ↓ abuse liability compounds

· agonist-antagonist combos

· differential bioavailability by different route

· Novel dosage forms or routes

3. Circumvention

4. 

	1. Cocaine, amphetamine

2. Euphoria, excitement, tachycardia, pupillary dilation, anorexia, agitation

3. Psychosis, paranoia, aggressiveness; Overdose: stroke, seizure, sudden death

4. None/minimal; rebound hypersomnolence and hunger
	1. Heroin, morphine, methadone, oxycodone, hydrocodone, codeine

2. Euphoria, pupillary constriction, dreaminess, nodding, nausea

3. Minimal; overdose: death by respiratory depression

4. Yes, dysphoria, pupillary dilation, chills, gooseflesh, rhinorrhea, lacrimation, yawning, diarrhea, fever, insomnia

	CNS Depressants

1. Name 3 examples

2. What are the acute effects?

3. What are the chronic toxicities?

4. Is physical dependence/withdrawal syndrome a risk and if so what is the syndrome?
	Nicotine

1. Name 1 example

2. What are the acute effects?

3. What are the chronic toxicities?

4. Is physical dependence/withdrawal syndrome a risk and if so what is the syndrome?

	CNS Stimulants

1. Name 1 examples

2. What are the acute effects?

3. What are the chronic toxicities?

4. Is physical dependence/withdrawal syndrome a risk and if so what is the syndrome?
	Caffeine

1. What are the acute effects?

2. What are the chronic toxicities?

3. Is physical dependence/withdrawal syndrome a risk and if so what is the syndrome?

	1. Tobacco products

2. Relaxation, mild stimulation

3. Primarily due to tobacco (smoke, tar), not nicotine; heart disease, lung disease, cancer

4. Yes; Irritability, insomnia, anxiety, difficulty concentrating, restlessness, hunger
	1. Alcohol, barbiturates, benzodiazepines

2. Slurred speech, incoordination, unsteadiness, sedation, stupor

3. Alcohol – multiple organ damage: liver, heart, brain; Overdose: coma

4. Yes; untreated can be life-threatening, autonomic hyperactivity, tremor, insomnia, agitation, anxiety, seizures

	1. Mild stimulation, anxiety, jitteriness, insomnia

2. None identified, GI upset/irritation related mainly to beverage vehicle, not caffeine

3. Yes; mild, headache, fatigue
	1. Marijuana

2. Dreamy sedation, perceptual changes

3. Probably lung disease related to smiking

4. Yes; mild, infrequent, restlessness, irritability, insomnia

	Stimulants
1. Describe the indirect and direct neurochemical MOAs of stimulants and give examples of each
2. What are the signs and symptoms of stimulant withdrawal?

3. What medical conditions can be exacerbated by stimulants?
	Stimulants and psychiatric syndromes
1. What psychiatric conditions can intoxication mimic?
2. What psychiatric conditions can withdrawal mimic?

3. What psychiatric conditions can chronic withdrawal mimic?

4. What is the danger in using stimulants with preexisting psychiatric condition?

	What are the neurologic sequelae of stimulant use?
	Caffeine
1. What is the MOA of caffeine?

2. Above what dose of caffeine do medical consequences become apparent?

3. What are the symptoms of caffeine withdrawal?

	1.  Intoxication can mimic anxiety disorder

· Panic

· Generalized anxiety

2. Withdrawal can mimic depression
3. Chronic use can mimic

· Bipolar disorder

· Psychotic disorder

4. Use can trigger or worsen existing disorder


	1. MOAs

· Indirect sympathomimetic alters processing of endogenous catecholamines

· Blocks pre-synaptic reuptake (ie. cocaine – dopamine reuptake))

· Releases presynaptic pool (amphetamines)

· Inhibits metabolism (amphetamines)

· Direct sympathomimetic acts at catecholamine R (ephedrine, pseudoephedrine)

2. Withdrawal

· Dysphoric mood - Depression, anhedonia, craving

· Fatigue

· Hypersomnia or insomnia

· Vivid, unpleasant dreams

· Increased appetite

· Psychomotor retardation

3. Medical conditions
· Hypertension

· Cardiac arrhythmia, e.g.,

· Paroxysmal atrial tachycardia

· Atrial fibrillation

· Coronary artery disease

· Hyperthyroidism

· Glaucoma

	1. Adenosine R antagonist

2. >200mg/day

3. Withdrawal

· Headache

· Fatigue, drowsiness

· Anxiety or depression

· Nausea or vomiting


	1. Headache, often vascular

2. Seizures

3. Stroke

4. Transient ischemic attacks

5. Cerebral atrophy

6. Cerebral vasculitis

7. Neuropsychological impairment



	Name 6 drug interactions with amphetamines
	Route of administration of stimulants
1. How is coca leaf administered? Why?

2. How is coca paste administered?Why?

3. How is powdered crystalline administered? Why?

4. How is crack, rock, freebase administered? Why?
5. How does peak plasma concentration and peak plasma time vary with different routes of administration?

	Cocaine metabolism
1. How is cocaine primarily metabolized in humans?

2. How is cocaine primarily metabolized in rodents?

3. Are there any toxic metabolites and from which system of metabolism?

4. What compound do labs detect to confirm cocaine use and how long after cocaine use can it be detected?
	Promising New Pharmacological Treatments for Cocaine Addiction
1. Name 4 promising treatments and their functional MOAs

	1. Chewed; base with low melting point and low solubility (cannot be injected)

2. Smoked; base low melting point (evaporates at 98O ) and low solubility

3. Intranasal/IV; salt with high solubility

4. Smoked; Smoked; base low melting point (evaporates at 98O ) and low solubility

5. Kinetics

· IN – Lower PPC; High PPT
· IV – Highest PPC; Low PPT
· SM – High PPC; Low PPT
· Oral – Lowest PPC; Slower onset
	1. MAO inhibitors → hypertensive crisis

2. Sympathomimetics potentiate effects

3. G-I acidifiers decrease absorption

4. G-I alkalinizers increase absorption

5. Urine acidifiers increase excretion

6. Urine alkalinizers decrease excretion



	1. Promising drugs

· Disulfiram-250 mg daily (controlled trials)
· Inhibits dopamine β-hydroxylase (dopamine→NE)→↑dopamine, ↓NE
· Baclofen-20-60 mg daily (controlled trial)
· GABA R agonist (in mesolimbic system)
· Modafinil-200, 400 mg daily (open-label)

· Anti-cocaine vaccine (successful phase I trial)
· Anti-cocaine Abs→cannot cross BBB
	1. Hydrolysis by plasma butyrylcholinesterase (95%)

2. Oxidation by P450

3. Norcocaine = hepatotoxic (oxidation)

4. Benzoylecgonine (hydrolysis metabolite) – 3 days

	Treatment of Cocaine Addiction

1. Name the 3 kinds of anti-convulsants used and give examples of each

	Treatment of Cocaine Addiction

1. Name the 4 kinds of serotonin agents used and give examples of each

	Treatment of Cocaine Addiction

1. Name the 6 kinds of dopamine agents used and give examples of each
	Neuroleptics and extra-pyramidal side effects

1. Which phenothiazines have a low incidence of extra-pyramidal side effects?
2. Which phenothiazines have a moderate incidence of extra-pyramidal side effects?

3. Which phenothiazines have high incidence of extra-pyramidal side effects?

4. Describe the extra-pyramidal side-effects?

5. Which neuroleptic rarely has extra-pyramidal side-effects?

6. Which neuroleptic has the highest incidence of extra-pyramidal side effects?

7. Why do these neuroleptics, which act at the same D2 R, have differences in their side-effects?

	1. Serotonin agents

· Reuptake (transporter) blockers

· Fluoxetine, sertraline

· Receptor agonists

· Buspirone (5-HT1A), gepirone

· Precursors of synthesis (amino acids)

· L-tryptophan

· Receptor antagonists

· Ritanserin (5-HT2), ondansetron (5-HT3)
	1. Anticonvulsants

· Putative anti-kindling agents

· Carbamazepine (not effective)

· Valproate (0.5-1 g daily)

· Phenytoin (300 mg daily)

· ( Glutamate activity

· Lamotrigine (300 mg daily)

· ( GABA activity

· *Baclofen (20-60 mg daily)

· Gabapentin (600-1500 mg daily)

· Tiagabine

· Topiramate

· Vigabatrin

	1. Piperidine
2. Alkylamine

3. Piperazine, butyrophenones
4. Parkinson's disease, akathisia

5. Clozapine

6. Haloperidol

7. Neuroleptics with the most anti-cholinergic activity cause fewest side effects – relieve the side-effects that they cause
	1. Dopamine agents

· Receptor agonists

· Bromocriptine, pergolide, cabergoline

· Reuptake (transporter) blockers

· Bupropion, mazindol, desipramine, modafinil

· Presynaptic releasers

· Amantadine, methylphenidate

· Synthesis enhancers 

· L-tyrosine, L-dopa, *disulfiram

· Inhibitors of metabolism (MAO inhibitors)

· Phenelzine, selegiline

· Receptor antagonists

· Flupenthixol, haloperidol, thioridazine



	Dopamine receptor subtypes
1. Describe the link of D1-4Rs to adenylate cyclase

2. Describe the potencies of phenothiazine (Chlorpromazine), butyrophenone (Haloperidol), atypical neuroleptics (clozapine) at D1-4Rs

3. Describe the brain locations of D1-4Rs

4. Which of the dopamine Rs are found in the pituitary?

5. Blocking D1 or D2 R results in more potent clinical effects?
	Schizophrenic systems
1. Describe the positive symptoms

2. Describe the negative symptoms

	Neuroleptics
1. Which drug is considered the "father of neuroleptics?"

2. What lines of evidence are there that suggest that neuroleptics have uniquely antischizophrenic actions?
3. Ability to mimic what structure predicts antipsychotic potency?

4. Blocking dopamine Rs in which site in the brain results in side effects such as parkinson's-like syndrome?

5. Blocking dopamine Rs in which site in the brain results in antipsychotic effects?

6. Blocking dopamine Rs in which site in the brain results in ↑ secretion of prolactin and subsequent amenorrhea and possibly ↑breast cancer risk?
7. What is a side-effect that results from long term treatment with high doses of neuroleptics?
8. What lines of evidence are there that this side-effect involves the supersensitivity of dopamine Rs?
9. What should be the first choice of neuroleptic and when should another neuroleptic be chosen over this?
	Atypical neuroleptics
1. How do atypical neuroleptics differ from typical neuroleptics?

2. Give an example of an atypical neuroleptic
3. What is a serious side effect of clozapine?
4. What are other undesirable side effects of clozapine?

5. What newer atypical neuroleptics do not cause the serious side effect and have less of the milder side effects?
6. What is the unique feature of aripiprazole?

7. What action of atypical neuroleptics explains their unique efficacy?

8. Which antischizophrenic needs to be taken with another atypical neuroleptic to improve negative symptoms?

	1. Positive

· Hallucinations

· Delusions

· Bizarre behavior

· Formal thought disorder

2. Negative

· Affective flattening

· Paucity of speech
· Apathy

· Anhedonia

· Social inattentiveness
	D1

D2

D3

D4

Adenylate cyclase

↑
↓
?
Inhibit
Phenothiazine (Chlorpromazine)
Mod
Mod
Mod
Mod
Butyrophenone (Haloperidol)
Weak
Potent
Mod
Mod
Atypical neuroleptics (clozapine)

Mod

Mod

Potent

Very potent

Brain locations

Corpus striatum-limbic

Corpus striatum-limbic

Mostly limbic

Limbic

Pituitary

No

Yes

No

No

5. D2



	1. Atypical neuroleptics

· Lesser incidence of extrapyramidal side-effects and no tardive dyskinesia

· Benefit negative and positive symptoms

2. Clozapine
3. Agranulocytosis

4. Sedation, postural hypotension, anti-cholinergic effects, drooling

5. Risperidone, olanzapine, quetiapine, ziprasidone, aripiprazole

6. Dopamine agonist at presynaptic Rs→inhibits dopamine release

7. More potent blockade of 5HT​2 Rs than D2Rs→against negative symptoms

8. Ritanserin


	1. Chlorpromazine

2. Evidence

· Neuroleptic drugs that are minimally sedating are just as antipsychotic as heavily sedating agents

· Classical sedatives such as Phenobarbital do not relieve schizophrenic symptoms to any significant effect

· Neuroleptics quiet hyperactive patients and make retarded patients more active

3. Dopamine

4. Extrapyramidal regions - Substantia nigra – corpus striatum pathway
5. Limbic regions – ventral tegmentum – nucleus accumbens, olfactory tubercle, central amygdaloid nucleus, and areas of frontal cerebral cortex
6. Hypothalamic region – arcuate nucleus – median eminence associated with portal system that regulates anterior pituitary system
7. Tardive dyskinesia

8. Evidence

· ↓levels of dopamine by giving reserpine (dopamine depleting), relieves symptoms
· Raising dose of neuroleptic →relieves symptoms
· Animal studies show ↑dopamine Rs following administration of ↑dose NLs

9. Atypical neuroleptic (although clozapine is best, not used b/c of side effects) – (lower cost would be the only reason to chose a typical NL (Haloperidol) over this)



	Non-neurologic side-effects of neuroleptics
1. What non-neurologic side effects are seen most frequently with use of phenothiazines with an alophatic side chain and least frequently with use of phenothiazines with a piperzine side chain?

2. What is the MOA of these side effects?

3. Is this pattern of side effects the same for drugs with extra-pyramidal side effects?
4. Which neuroleptic has increased risk of prolonged QT interval and torsades de pointes arrhythmias and can be fatal?

5. Which newer atypical neuroleptic is less likely to cause weight gain?
	

	
	

	
	1. Sedation and orthostatic hypotension

2. Blockade of α-adrenergic Rs

3. No, opposite
4. Ziprasidone

5. Aripiprazole

	
	


