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“As for Ms. 
Winehouse, 
her talent was 
as fierce as her 
heartache.”
– Sally Satel



The Compass of Pleasure by  David J. Linden





ingestion
Preferred for many 

drugs

Easy and safe

Carried via 
bloodstream

Unpredictable 
dosage

injection
Preferred by medical 

professionals

Predictable: fast; 
strong drugs

Drug users: 
IV injection

Dangerous – allergic 
rxn or overdose.



inhalation
Through the lungs 
into the capillaries

Anesthetics; tobacco 
& marijuana

Difficult to regulate 
dose

Can damage lungs

absorption

Mucous membranes

Nose; mouth

Snort cocaine



NICOTINE’S PATH TO THE BRAIN

From H. Lester, CalTech





CLASSIFICATION OF DRUG ACTIONS

• Enhance and speed up CNS activity
• Temporary effect  crashstimulants

• Slow down or impair CNS activitydepressants

• Distort sensory information 
processingHallucinogens



Neuropsychopharmacology (2001) 24, 97–129

“Drug addiction is a chronically relapsing disorder that is defined by two major 

characteristics: a compulsion to take the drug with a narrowing of 
the behavioral repertoire toward excessive drug intake, and a 
loss of control in limiting intake (American Psychiatric Association 
1994;World Health Organization 1992). 

An important challenge for neurobiological research is to understand the 

neuroadaptive differences between controlled drug use and loss 
of control, and by extension, the molecular, cellular and system processes that 
lead to addiction (Koob and Le Moal, 1997).”



Adapted from Koob & Le Moal (2001) Neuropsychopharmacology 24, 97–129

The spiraling distress/addiction cycle 

preoccupation 
anticipation

binge 
intoxication

withdrawal 
negative affect

Positive 
Reinforcement

Negative 
Reinforcement

Spiraling distress

wanting drug 
persistent psychological problem

taken in larger 
amounts than needed

addiction



active drug metabolism inactive 
drug



DOSE RESPONSE CURVE...



DOSE RESPONSE CURVE...



TOLERANCE  &WITHDRAWAL 
REWARD SYSTEM DYSREGULATION

Drug effect 
decreases 

with 
increased 
exposure

Withdraw from drug

Drug exposure leads to the 

development of adaptive 
neural changes that produce 

tolerance by counteracting the 
drug effect.

With no drug to counteract 
them, the neural adaptations produce 

withdrawal effects opposite to 
the effects of the drug.

The magnitude of 
the withdrawal 

effect is 

proportional 
to the tolerance 

of the drug.



ALTERING THE FUNCTION OF 
NEUROTRANSMITTERS CAN CHANGE BEHAVIOR.

agonist antagonist

mimics or 

facilitates
the release

oppose
or blocks
the release



MESOTELECEPHALIC DA SYSTEM

Nigrostriatal
pathway

Mesocorticolimbic
pathway



ICSS: intracranial self-stimulation

PLEASURE CENTERS OF THE BRAIN...



INCREASE IN DA RELEASE IN N. ACCUMBENS...





Eric Nestler (2005) Nature Neuroscience 8, 1445 - 1449



Drugs of 
abuse

Diverse 
chemicals

Distinct targets 
& effects

Cause 
common 
effects:

acute

chronic

Characterized 
by:

immediate 
reward 

repeated use 
 addiction

Loss of control 
over drug use.

Negative 
emotional 
symptoms 
withdrawal.



MESOTELECEPHALIC DA SYSTEM

Nigrostriatal
pathway

Mesocorticolimbic
pathway



All drugs of abuse 
affect the limbic 

system.

Mesocorticolimbic
system

dopaminergic
neurons in the 

ventral tegmental 
area  NAc.

Common 
actions on brain 
reward circuits



Eric Nestler (2005) Nature Neuroscience 8, 1445 - 1449

Examples of common effects on the VTA-NAc.

• Stimulants directly 

increase dopaminergic 

transmission in the NAc. 

• Opiates do the same (indirectly) 
they inhibit GABAergic interneurons 
in the VTA, which disinhibits VTA 
dopamine neurons.

• Opiates also directly act on opioid receptors on NAc neurons


