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Lecture outline

• drug abuse vs. drug dependence
• tolerance
• different drugs of abuse 

- mechanism of action in the central nervous 
system

- symptoms of overdose
- symptoms of withdrawal
- pharmacotherapy

Illicit Drug Use Among Persons Aged 12 or 
Older: 2007
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Drugs of Abuse

A. Psychomotor stimulants cocaine, amphetamines

B. Opiates and Opioids heroin, morphine, codeine,
oxycodone

C.  Cannabinoids marijuana

D.  Alcohol

E.  Anti-depressants barbiturates, benzodiazepines

F. Nicotine 

G. Hallucinogens LSD, mescaline “club drugs”

Criteria for Abuse
(one or more in 12 month period) by

Diagnostic and Statistical Manual of Mental Disorders (4th) 

• Recurrent substance use resulting in failure to 
fulfill role at work, school or home (missing work, 
missing school, neglect of children)

• Recurrent substance use in situations where it is  
physically dangerous (driving, operating a 
machine)

• Recurrent legal problems (DUI) related to 
substance abuse

• Continued substance use despite problems caused 
or made worse by drug effects (fights with spouse)

Dependence Criteria
(3 or more within 12 months) 

Diagnostic and Statistical Manual of Mental Disorders (4th) 

• Tolerance
• Withdrawal
• Use of larger amounts of substance than intended
• Persistent desire or inability to control substance 

use
• Excessive time spent to obtain the substance, use it 

and recover from its effects
• Normal activities are given up or reduced
• The substance use is continued despite knowledge 

of physical and psychological problems caused by 
drugs
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Withdrawal (marker of physiological dependence) 
is manifested by either: 

1) Signs and symptoms emerge when use of the drug is 
stopped

2) Signs and symptoms are reversed when drug is 
administered again

Drug Tolerance is defined by either of 
the following: 

a) Decreased effect with repeated use of the same amount   
of drug

b) A need to use more drug to have the desired effect

Effect

Duration of Use

Tolerance due to decreased effect with repeated use
of the drug (constant amount of drug)

Tolerant

Intolerant

ED50ED50

Dose

Effect

Big

Small

Low High

Tolerance - Increased dose of the drug for the same effect

(shift to right in dose-effect curve)

1 2
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• Drug abuse is using a drug excessively, or for 
purposes for which it was not medically intended

• Drug dependence (addiction) is compulsively 
using a substance, despite its negative and 
sometimes dangerous effects 

• Drug dependence results in: 
a) withdrawal syndrome (due to discontinuation   

of a drug)
b) tolerance 

Drug Abuse and Drug Dependence

Important Distinctions

• Abuse and dependence in Diagnostic and 
Statistical Manual of Mental Disorders (4th) 
are mutually exclusive

• Abuse does not necessarily lead to 
dependence and this trajectory varies across 
drugs

Abuse
Dependence
1) Tolerance
2) Withdrawal

Abuse and Dependence are Mutually Exclusive based
on DSM-IV
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Source: Messing RO. In: Harrison’s Principles of Internal Medicine. 2001:2557-2561.

Ventral tegmental area 
(VTA)

Nucleus 
accumbens

Mesolimbic dopamine system – a major target of 
addictive drugs

• The  mesolimbic dopamine system originates in 
the VTA and projects to the nucleus accumbens,
amygdala and prefrontal cortex 

• The VTA-nucleus accumbens pathway is 
activated by all drugs of dependence – resulting in 
the release of dopamine

• Inhibitory inputs onto dopamine neurons come 
from GABA-ergic neurons present within the VTA 
or as a feedback loop from the nucleus accumbens

Dopaminergic
Neurons

GABA-ergic inhibitory
interneurons

VTA
Ventral Tegmental Area

Nucleus
accumbens

Amygdala

Prefrontal 
cortex

Specific ReceptorsAgonist

High vs Withdrawal

HIGH

WITHDRAWAL
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Specific Receptors
Agonist

Antagonist

HIGH

WITHDRAWAL

High vs. Withdrawal

• Derived from “coca” plant, 
cultivated in South America

• Leaves chewed for centuries by 
South American Indians

• Isolated in 1855 by German
chemist

A.  Psychostimulants: Cocaine and Amphetamines

Cocaine

• Synthetic phenylethylamine synthesized in 1800s

• Originally marketed to treat asthma and narcolepsy and 
later for obesity

Amphetamines

• Used extensively by the military during WWII and left over 
supplies led to epidemic use in several countries

- Coca leaves were included in several wines and cigarettes 
- Coca leaves were included in original 1886 recipe for Coca-Cola 

for nearly 20 years

Cocaine

- powerful stimulant of central nervous system (used by Freud
to treat depression)

- an appetite suppressant (used for obesity)
- topical anesthetic (historically used for eye and nasal surgery, 

currently used for nasal and lacrimal duct surgery)

1) Used for medical purposes:

2) Used for popularization before 1906 when the Pure Food and 
Drug Act was passed
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Cocaine Inhibits the Action of Dopamine Transporters in 
Presynaptic Terminals

DA

Presynaptic 
terminal

VMAT2

DADA

DAT – dopamine transporter
VMAT2- vesicular monoamine transporter 2

DAT

DA

Cocaine

DA
DA

DA

DA

Amphetamines Inhibit the Action of VMAT2 in
Presynaptic Terminals 

DAT – dopamine transporter
VMAT2- vesicular monoamine transporter 2

DA

Presynaptic 
terminal

DA
DA

Amph

DA

DA DA

DA

DA

DA

DA

DA

DAT

DA

VMAT2

Acute Effects of Psychostimulants

• Rush (orgasmic)

• Euphoria and arousal (feeling of well-
being)

• Increased energy

• Feelings of competency

• Decreased feelings of fatigue/boredom

• Decreased appetite

• Increased heart rate, blood pressure and 
temperature 
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• Onset, magnitude (potency) and duration depend on the route of 
administration (smoked- reaches peak in 2 min, injected – 1-3 min, 
“snorting”-10 min, oral – 30 min).

• Half-life varies from 40-80 min, requiring repeated administration to 
maintain blood levels

• Metabolized in liver by cholinesterases, into benzoylecgonine (inactive 
compound), monitored in biological fluids (saliva, blood, urine, milk), 
measured in urine test where it remains detectable for up to 8 days

• Cocaine in the presence ethanol is transestrified resulting in 
cocaethylene, which produces more euphoria and has a longer duration 
action than cocaine itself, and is more cardiotoxic than cocaine. 

• Cocaine also blocks voltage-gated membrane sodium ion channels; this 
action accounts for local anesthetic effect and may contribute to cardiac 
arrhythmias.

• John Entwistle died due to cocaine-induced heart failure.

Pharmacokinetics of Cocaine

• Results either in 
1)  tolerance – decreased drug response (high-doses, frequent 

exposure)  
2)  sensitization – increased drug response (low-doses and  

intermittent exposure) 

• Impairment of neurocognitive functions
- visuomotor performance, attention, verbal memory

• Increased risk of infections to viral hepatitis and HIV

• Physical dependence (such as vomiting and tremors) is 
controversial particularly for cocaine

• Increased risk of developing rare autoimmune or connective 
tissue diseases such as lupus, Goodpasture’s syndrome, 
Stevens-Johnson syndrome.  

Consequences of Long Term Use of Psychostimulants

Overdose Signs and Symptoms

• Hyperactivity

• Sweating

• Dilated pupils

• Agitation/tremor

• Tachycardia/chest 
pain

• Cardiac Arrhythmia

• Hypertension

• Hyperpyrexia

• Stereotypical 
behavior (pacing,

nail-biting)

• Seizures/coma

• Paranoia/tactile 
hallucinations

Stimulation of sympathetic nervous system
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Withdrawal Signs and Symptoms

• Agitation

• Hypersomnia 

• Fatigue and depression

• Anhedonia

• Muscle cramps

• Increased appetite

• Erectile dysfunction

Detection of Use

• Observe for signs and symptoms

• Urine tests

• Indirect indicators:  e.g., AIDS, hepatitis, 
track marks, abscesses, bacterial 
endocarditis, chronic respiratory 
symptoms

Treatment of Cocaine Withdrawal

A) Acute withdrawal-symptomatic treatment
- Bromocriptine (dopamine agonist) – ameliorates dopamine deficiency state

of cocaine withdrawal
- Benzodiazepines (lorazepam) - in patients with severe agitation and sleep

disturbance

B) Treatment of Long-term Addiction
- No FDA-approved pharmacological therapies
- in 2011, the researchers invented vaccine against cocaine by 

combining a cocaine-like molecule with a part of virus (tests in mice)

- Cognitive-Behavioral Therapies – two components
1) Functional analysis – to identify the patient's thoughts, feelings, 

and circumstances before and after the cocaine use to understand
reason for using cocaine

2) Skills Training to help cocaine users to cope with intrapersonal
and interpersonal problems 
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B. Opioids

Opium

Morphine

Codeine 

Heroin

Oxycodone

Opioids

• Opium is derived from extracts of juice of the 
opium poppy, Papaver somniferum, and used 
since 3400 BC for alleviating pain and asthma

• Morphine and codeine isolated from opium in 
the 1800s

• Heroin - semi-synthetic opioid synthesized 
from morphine

• Used medically for alleviating pain 

Mechanism of action of opioids 
in the CNS

DA
GABA

Ventral
tegmental

area

Mesolimbic
dopamine

Nucleus
accumbens

–

Opioids cause disinhibition of mesolimbic DA system



Opioids inhibit GABAergic interneurons

GABA-ergic neurons are inhibitory and opioids (act as agonists), inhibit 
inhibitory action of GABA neurons leading to disinhibition of DA system  
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Patterns of Use

• Oral (prescription opioids)
• Intravenous 
• Snorting (becoming more prevalent)
• Smoking
• Subcutaneous (“skin popping”)

Patterns of Use

• Heroin’s effects last about 3-5 hrs 
• Average addict uses 2-4 times/day
• Tolerance and physical dependence 

develop gradually (but can be within 
weeks) necessitating increases in both 
the frequency and quantity of drug 
consumed:  vast individual differences

Signs of Opioid Overdose

• Unconsciousness 
• Miosis (pinpoint pupils)
• Hypotension 
• Bradycardia
• Respiratory depression
• Pulmonary edema
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Pharmacokinetics

• Tolerance to one opioid is usually associated with tolerance to 
other opioids (“cross-tolerance”)

• Heroin is a pro-drug that is rapidly converted into 6-
monoacetylmorphine by esterases present in the blood, brain 
and very tissue

• 6-monoacetylmorphine is further metabolized to morphine 
which contributes to the duration of effect of heroin

• Withdrawal begins 12 hours after last dose, peaks at 1½ - 3 
days, and is mostly over by 5-7 days

• Lingering symptoms can persist for months (“Protracted 
Abstinence Syndrome”) and are associated with relapse. 

• Withdrawal is profoundly painful and unpleasant though not life-
threatening

Opioid Withdrawal Symptoms

• Anxiety and dysphoria 
• Craving and drug-seeking
• Sleep disturbance
• Nausea, vomiting, diarrhea
• Lacrimation 
• Rhinorrhea
• Yawning
• Piloerection/gooseflesh (‘cold 

turkey’)

• Sweating

• Mydriasis (dilation of 
the pupil)

• Cramps

• Hyperpyrexia

• Involuntary 
movement (kicking 
the habit)

Treatment of Opioid Addiction

1. Many individuals are not treated with  
medications (drug free)

– Self-help groups such as Narcotics Anonymous
– Inpatient detoxification facilities/residential
– Individual therapy rare largely due to 

sociodemographic characteristics of users
– Dependence on prescription opioids presents a 

new challenge for treatment

2.  Pharmacotherapy
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Goals of Pharmacotherapy

• “Cure” of withdrawal or overdose

• To improve the holding power of outpatient treatment

• To reduce drug craving

• To create a “window of opportunity” during which 
patients can receive psycho-social intervention to 
decrease the risk of relapse

• To serve as short or long-term maintenance agents for 
patients who can’t function without them, but can lead 
productive lives with them

• Treatment of opioid overdose (Bradycardia, Respiratory 
depression, Pulmonary edema)

- Naloxone (-opioid receptor antagonist) 

• Treatment of withdrawal syndrome and maintenance
- Methadone - -opioid receptor agonist
- Buprenorphine - partial -opioid receptor   
agonist

Treatment approaches of opioid overdose and
withdrawal syndrome

Treatment of Opioid Overdose

• Naloxone [Narcan, Nalone]
-opioid competitive antagonist with very high affinity

• This antagonist is fast acting (2 min) but the duration 
of action (~ 45 min) is much shorter than heroin 

• Therefore, individuals treated for overdose with these 
antagonists must be kept under observation for the 
duration of the opioid drug’s effects to determine if 
additional antagonist treatment is needed (heroin can 
occupy the opioid receptors again when action of 
Naloxone is over)
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Treatment with Methadone

• Methadone [Symoron]– -opioid receptor agonist
with long half-life (15-60h)

– Oral administration

– Lasts at least 24 hrs

• Methadone therapy: Prevents withdrawal symptoms 
and cravings, has a cross-tolerance with other 
opioids 

• Is dispensed only in federally licensed clinics

– Requires almost daily clinic visits even for 
individuals with long term success

• Buprenorphine [Subutex] is a partial -opioid receptor 
agonist
– has less potential for respiratory depression (hard 

to overdose)
• It has both high affinity for receptors (competes 

easily) and dissociates slowly (long acting so 
withdrawal is minimized) 

• Buprenorphine in a formulation with naloxone (4:1 
ratio) (Suboxone) – taken sublingually.  When 
misused intravenously will result in withdrawal 
symptoms due to the presence of Naloxone (-opioid 
receptor antagonist)  

• If buprenorphine is initiated prior to the onset of acute 
withdrawal signs, it may lead to abrupt withdrawal 
syndrome due to displacement of full agonists (e.g. 
heroin) for -opioid receptor by buprenorphine

Treatment with Buprenorphine

Opioid ReceptorsBuprenorphine
(agonist)

Naloxone
(antagonist)

Misuse of Suboxone (4:1 of Buprenorphine and Naloxone) 
by IV injections

HIGH

WITHDRAWAL
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C.  Cannabinoids:  Marijuana

• Derived from plant 
Cannabis sativa

• Active substance 
(psychoactive) -delta-9-
tetrahydrocannabinol 
(THC) is active 
constituent

• But there are 400 additional constituents that are found
in Cannabis

Mechanism of action of 
cannabinoids

DA
GABA
Ventral

tegmental
area

Mesolimbic
dopamine

Nucleus
accumbens

–

THC inhibits GABAergic interneurons

Cannabinoids cause disinhibition of mesolimbic DA system

CB1 

Acute Effects of Marijuana

• Sedation, relaxation
• Mood alteration, sense of well-being
• Altered perception and time estimation
• Impaired judgment, memory, and concentration
• Increase heart rate, dry mouth
• Tachycardia
• Increased appetite (“munchies”) (due to drop of 

sugar levels and also stimulation of cannabinoid 
receptors in the hypothalamus)

• Injection of the conjunctiva (“red eyes”) – due to 
decreased pressure in the eyes and increased 
blood pressure
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Adverse Effects of Marijuana Use

• Panic, delirium, paranoia (in first-time users)

• Amotivational syndrome, inattention, poor 
judgement, distractibility leading to 
accidents and misbehavior, impaired 
attention

• Tolerance occurs but physical dependence 
remains controversial

• Personality changes and cognitive deficits 
(loss of short-term memory)

• Gateway to other drug abuse 

• Criminal or workplace sanctions

Withdrawal Symptoms

• Is not life threatening
• Begin on 1 or 2 day of abstinence, peak day 2-6
resolve within 7-14 days
- Fatigue (31%)
- Hypersomia (26%) 
- Psychomotor retardation (25%)
- Anxiety (19%)
- Depression (16%) 
- Anorexia
- Irritability

Differential Diagnosis of Cannabis Intoxication

- Intoxication from other addictive substances
- Panic disorder
- Major depressive disorders
- Bipolar I or II disorder
- Schizophrenia
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Diagnostic 
criteria

Cannabis 
intoxication Cocaine intoxication

Recurrent use + +

Symptom onset During or shortly 
after use

During or shortly after use

Behavioral 
changes

Impaired motor 
coordination

Hypervigilance, stereotyped behaviors

Psychological 
changes

Euphoria, anxiety, 
sensation of slowed 
time, social 
withdrawal, 
impaired judgment

Euphoria, anxiety, tension, anger, changes in 
sociability, interpersonal sensitivity, impaired 
social or occupational functioning

Associated 
criteria (≥2)

Conjunctival 
injection, increased 
appetite, dry mouth, 
tachycardia

Tachycardia or bradycardia, papillary 
dilation, elevated or lowered blood pressure, 
chills/perspiration, nausea/vomiting, evidence 
of weight loss, psychomotor changes, 
muscular weakness, chest pain, cardiac 
arrhythmias, seizure, dyskinesia, dystonia, 
delirium, coma

Treatment of Marijuana Abuse is
Symptomatic

• Anxiolytics (benzodiazepines) for 
anxiety and panic

• Antipsychotics for delirium and paranoia
• Cognitive behavioral therapy for 

dependence
• No pharmacotherapies but discovery of 

CB1 receptor and development of an 
antagonist is promising

• Health care cost of alcohol problems - $186 Billion

• Alcohol dependence is a complex disorder in which 
many factors act together to produce the illness

• Approximately 50% of the risk is attributed to genetics

• May arise in individuals without family history of alcohol 
dependence as a result of environmental factors

D. Alcohol
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Subtypes of Alcohol Dependence

• Late onset (>25 years old)

• Few familial alcohol-
dependency

• Slower disease 
progression

• Milder form of alcohol 
dependence

• Important environmental 
influence

• Minimal criminality 

Type A Alcohol Dependence

• Early onset  (25 years old)

• Paternal type B alcohol 
dependence

• More severe form of alcohol 
dependence

• Little environmental influence 

• Frequent criminality

• Frequent presence of 
personality disorder 

Type B Alcohol Dependence

Diseases Associated with 
Chronic Alcohol Use

Primary Diseases

• Alcohol poisoning

• Alcoholic heart disease 
(cardiomyopathy)

• Alcoholic gastritis

• Alcoholic liver cirrhosis

• Alcoholic nerve disease 
(polyneuropathy)

• Alcoholic psychoses

Secondary Diseases

• Cancer (lip, mouth, 
pharynx, esophagus, 
larynx, liver, stomach)

• Diabetes

• Gastrointestinal disease

• Heart disease 
(hypertension, stroke)

• Liver disease

• Pancreatitis (acute, 
chronic)

Effects of Acute Alcohol on
Neural Circuits I

• Indirectly increases dopamine levels in the 
mesocorticolimbic system

– Associated with positively reinforcing effects of 
alcohol

• Indirect interaction with opioid receptors results in 
activation of opioid system

– Associated with reinforcing effects via µ-
receptors

Dopamine and Opioid Systems
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Effects of Acute Alcohol on 

Neural Circuits II

• Increases the effects of GABA, the major inhibitory 
neurotransmitter in the brain

• Inhibits the effects of glutamate, the major excitatory 
neurotransmitter in the brain

Chronic exposure of alcohol leads to a compensatory 
1) Reduction in the levels of GABA-ergic receptors

2) Up-regulation of NMDA receptor

Sudden reduction in chronic alcohol intake results in overactivation of 
NMDA system

GABA and Glutamate Systems

GABA = gamma-aminobutyric acid.

Effects of Alcohol on Neural 
Circuits

Source: Littleton J. Alcohol Health Res World. 1998;22:13-24.

Glutamate System

Adaptation
 # and/or function of NMDA

receptors on neurons

 Balances acute alcohol effect

 Effect: tolerance, dependence

Chronic 
Alcohol Use

Withdrawal
 Increased glutamatergic activity

 Effect: - Acute: dysphoria, 
hallucinations 

- Post-acute: sleep/mood 
disturbances 

Removal of 
Alcohol

Alcohol Free
CNS Equilibrium

Acute Alcohol Effect
 Inhibits the effects of glutamate

 Effect:  anxiety,  sedation

Administration
of Alcohol

Treatment Stages of Alcohol Dependence
Stage 1: Identification
- obtain history of current and past alcohol use and family history of 
alcohol problem

- use standardized screening tests (e.g., 4-question CAGE)
- evaluate patients in terms of the DSM-IV criteria for alcohol abuse 
and dependence and determine whether patient wants to abstain

Stage 2: Detoxification/Withdrawal
- Mild or severe withdrawal symptoms
- relieve immediate symptoms of withdrawal – benzodiazepines
indirect agonists for GABA receptors
Benzodiazepines with long half-life (Diazepam [Valium]) – have less   
chance of recurrent withdrawal
Lorazepam [Ativan] – shorter half-life but is not metabolized by liver –
good for patients with cirrhosis 

Stage 3: Rehabilitation
- restructure life without alcohol

- relapse prevention – psychotherapy, pharmacotherapy

Stage 4: Aftercare – AA meetings, family support
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Symptoms of Alcohol Withdrawal

A) Minor withdrawal (6-36 hr after last drink)
- due to CNS hyperactivity – HYPERAROUSAL
- mild anxiety, headache, sweating, palpitations, GI upset,
insomnia, nausea 

B) Seizures (6-48 hrs after last drink)
-3% of chronic alcoholics can develop tonic-clonic seizures,
some develop status epilepticus (seizures without regaining
consciousness for 30 min)
CAN BE LIFE THREATENING
C) Alcoholic hallucinations (12-48 hrs after last drink)
- visual, auditory, tactile – can last for months

D) Delirium tremens (48-96 hrs after last drink, can last 
5 days 

Delirium Tremens (DT)

• Caused by withdrawal from long-term alcohol consumption 
• 5% of alcohol withdrawal leads to DT (mortality can be up    

to 35% when untreated) 
• Caused by withdrawal from benzodiazepines

Symptoms

• Confusion, disorientation, paranoia, agitation, anxiety and feeling 
of death, hallucinations – mostly visual and tactile

• Uncontrollable tremors of the extremities
• Severe autonomic instability (fever, tachycardia, hypertension, 

diaphoresis)
• Some patients experinece seizures

Treatment
• Pharmacotherapy is symptomatic and supportive
• Benzodiazepines, such as diazepam (Valium), lorazepam (Ativan)

in extreme cases stronger benzodiazepines like temazepam (Restoril)
might be used

FDA-Approved Pharmacotherapies for 
Alcohol Dependence

Naltrexone (ReVia®)

Disulfiram (Antabuse®) - Alcohol Aversion Therapy

- Long-acting opioid Antagonist

Acamprosate
(Campral®)

-Restores balance between neuronal excitation
and inhibition (mechanism unknown)
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1) Inhibits aldehyde dehydrogenase (ALDH) that leads to increased 
levels of acetaldehyde when taken with alcohol 

2) High levels of acetaldehyde leads to nausea, dizziness, headache, 
hypotension, vomiting

3) Decreases desire to drink alcohol but does not increase abstinence 
4) Increased risk of hepatotoxicity 

Disulfiram (Antabuse®) – Alcohol Aversion 
Therapy

NOTE: Asian descents who have an ALDH2*2 genetic variant of the ALDH
enzyme that metabolizes acetaldehyde slowly – protects against
alcohol dependence

Ethanol                        Acetaldehyde                                 Acetate
Aldehyde dehydrogenaseAlcohol dehydrogenase

Disulfiram

- Antagonist of opioid receptors

- Blocks release of dopamine from Nucleus Accumbens

- Reduces alcohol cravings

- Avoid Naltrexone with Disulfiram together – both are  
potential hepatotoxins

- Avoid Naltrexone in patients dependent on opioids -
it will precipitate acute withdrawal syndrome

Naltrexone (ReVia®)

• Decreases excitatory glutamate neurotransmission and  
increases GABA-ergic activity

• Minor side effects; diarrhea, allergic reactions, irregular 
heartbeats

• Dose adjustment in patients with moderate renal disease  
(creatinine clearance 30-50 mL/min)

• Contradicted in severe renal disease (creatinine 
clearance < 30 mL/min )

Acamprosate - (Campral®)
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Benzodiazepines are the most commonly prescribed 
sedative

• Severe anxiety, panic attacks and phobias (because of   
their anxiolytic properties)

• Insomnia
• In muscular disorders - effective muscle relaxants
• Alcohol withdrawal
• Epilepsy – anticonvulsant

Therapeutic Uses of Benzodiazepines

E. Anti-depressants: Benzodiazepines

Benzodiazepines are indirect agonists of the GABA receptor

Benzodiazepine Withdrawal Symptoms

• Anxiety, agitation  
• Increased sensitivity to light and sound
• Muscle cramps
• Sleep disturbance
• Dizziness 
• Mycolonic jerks

Withdrawal Management

Treatment with diazepam (Valium)
- benzodiazepine with a long half-life (20-100 hrs; its active
metabolite - 36-200 hrs)

- gradually tapering off the drug over a period of months

F. Nicotine

• Is among the most addictive drugs, accounts for 440,000 deaths yearly
• Selective agonist of the nicotinic acetylcholine receptor (nAChR)
that is normally activated by acetylcholine 

• Nicotine acts on nAChR receptors, stimulate dopaminergic neurons 
in the VTA and increases the release of dopamine in the nucleus accumbens

Treatment

• Nicotine patches, nasal spray, nicotine lozenge
• Varenicline [Chantrix]

– non-nicotine medication – partial agonist that binds subunits of 
nicotine acetylcholine receptors.  Because it stimulates the receptors, it 
relives cravings and withdrawal symptoms during abstinence from smoking

- binds to the nAChR receptors with greater affinity than nicotine –
thus reduces the pharmacologic reward from cigarette smoking 
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•LSD (d-lysergic acid diethylamide) is one of the most potent 
mood-changing chemicals. Is manufactured from lysergic acid, 
which is found in ergot, a fungus that grows on rye and other grains.

• Mescaline is an active ingredient in spineless cactus, peyote.  
This plant has been used by natives in northern Mexico and 
the southwestern United States as a part of religious ceremonies.

Sources of Hallucinogens

G.  Hallucinogens (LSD, mescaline)

Symptoms 

- Cause changes of sensation, illusions, hallucinations, create
fantasies or living nightmares (called mind-bending drugs)

- the drugs do not induce dependence or addiction

Molecular target:
- Serotonin receptors – 5-HT2A in cortex

Treatment:
- for nonpsychotic agitation - anti-anxiety drugs (Diazepam)
- for severe agitation – use antipsychotic drugs 

Summary

A. Psychostimulants (Cocaine, Amphetamine)
- mechanism of action at dopamine transporters or VMAT - leads to 
increase of DA at presynaptic terminals in the nucleus accumbens

- acute withdrawal – symptomatic treatment – Bromocriptine (dopamine         
agonist) 

- no FDA approved medications; cognitive-behavioral therapies

B. Opioids (heroin) 
- inhibit GABA-ergic interneurons in the VTA by acting on  opioid    
receptors – disinhibition of mesolimbic DA system 

- treatment of opiod overdose – Naloxone [Narcan] – -opioid antagonist  
- treatment of withdrawal syndrome 

- Methadone [Symoron]- -opioid receptor agonist
- Buprenorphine [Suboxone]- partial -opioid receptor agonist
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C. Marijuana
- acts on CB1 receptors,  inhibits GABA-ergic interneurons in VTA – leads 

to disinhibition of dopamine system

- treatment symptomatic

D. Alcohol 
- increases the effects of GABA and inhibits the effects of glutamate
-treatment of withdrawal

Disulfiram (Antabuse®)

Naltrexone (ReVia®)

Acamprosate(Campral®)

E. Benzodiazepines
- indirect agonists of the GABA receptor
- treatment of withdrawal – benzodiazepines with long half-life [Valium]

F. Nicotine agonist of the nicotinic acetylcholine receptor (nAChR) – leads
to increase of DA in mesolimbic system

treatment -Varenicline [Chantrix]


