
Drugs, 
addiction, and 
the brain 



Topics to cover: 
� What is addiction? 
� How is addiction studied in the lab? 
� The neuroscience of addiction. 

� Caffeine 
� Cocaine 
� Marijuana (THC) 
 



What are the properties of 
addiction? 
� Addiction is progressive – it begins with 

controlled drug use, but progresses to 
uncontrolled use. 

 



What are the properties of 
addiction? 
�  Humans (and other animals) possess normal 

drives such as eating, sleeping, drinking, 
reproduction, etc. 

�  These drives maintain homeostasis, and are 
essential for our survival. 

�  The transition to drug addiction involves re-
organizing these priorities in favor of getting 
and taking more drugs. 

 



What are the properties of 
addiction? 
� The drive for obtaining/taking the drug 

persists in spite of negative 
consequences! 



How can we study drug 
addiction? 
� Self-administration 



Testing addiction with self-
admin 
� How hard will an animal work for a drug? 

�  How many times will it press the lever for a 
shot of the drug? 

� Will the animal keep seeking the drug in 
spite of negative consequences? 
�  Will the animal keep pressing the lever even 

when it triggers a shock before giving the 
drug? 



How do drugs affect the 
brain? 
� A serendipitous discovery… 

•  Scientists in the 1950s 
found out about the 
brain’s “pleasure centre” 
by accident. 

•  Rats would work tirelessly 
to stimulate their brains in 
this region… 



The anatomy of reward 

Site of stimulation 

Ventral  
Tegmental 
Area 



The mesocorticolimbic 
dopamine system 

1.  Ventral tegmental area: 
Produces dopamine and 
sends it to the nucleus 
accumbens.  Located in the 
brainstem. 

2.  Nucleus accumbens: Sensitive 
to dopamine, a ‘pleasure 
center?’.  Located in the 
limbic system. 

 
3.  Prefrontal cortex: Also sensitive 

to dopamine.  Involved in 
learning, emotions, and 
impulse control. 

Ventral  
Tegmental 
Area 



The mesocorticolimbic 
dopamine system 

1) Reward stimulus 

2) Dopamine 
released from 
ventral tegmental 
area 

Ventral  
Tegmental 
Area 



The mesocorticolimbic 
dopamine system ON DRUGS! 

1) Reward stimulus 

2) Dopamine 
released from 
ventral tegmental 
area 

Ventral  
Tegmental 
Area 



So… 
� The system lets us learn that we should do 

more of whatever caused that dopamine 
release! 

EVERY ADDICTIVE DRUG 
AFFECTS THIS SYSTEM IN 

SOME WAY 



But… 
� Each drug also acts on various other 

neurotransmitter systems to produce the 
unique properties of that drug. 



Pre-synaptic 

Post-synaptic 

1) An electrical signal arrives, 
and triggers the release of 
neurotransmitter into the 
synaptic cleft. 

2) The neurotransmitter binds 
to receptors on the post-
synaptic neuron and triggers 
another electrical signal. 
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The Synapse: A review 



1) An electrical signal arrives, 
and triggers the release of 
neurotransmitter into the 
synaptic cleft. 

2) The neurotransmitter binds 
to receptors on the post-
synaptic neuron and triggers 
another electrical signal. 

3) The neurotransmitter is re-
cycled into the pre-synaptic 
cell by reuptake transporters. 

Pre-synaptic 

Post-synaptic 
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The Synapse: A review 



How do drugs work? 
� Virtually every drug affects the function of 

the synapse. 

� Drugs have molecular structures that 
mimic certain neurotransmitters. 

� Because of this, they “fool” the body  



Quiz time! 
� What is the most commonly used 

psychoactive drug in the world? 



Caffeine 



Caffeine 
� The most widely used 

psychoactive drug in the 
world. 

� Average cup of coffee: 
100-250mg 

� Can of Red Bull: 80mg 
� Can of Monster: 160mg* 
� 5-hour Energy: ~207mg 



Caffeine Effects on the Body 

Respiratory System 

>Decreases airway 
resistance 

Cardiovascular 
System 

>Increases heart 
rate 

>Can increase 
blood pressure 

Digestive System 

>Increases 
stomach acid 

>Increases 
metabolic rate 

Central Nervous System 

>Increases alertness 

>Causes insomnia 

>Can cause headache, 
nervousness, and dizziness 

Muscular System 

>Can cause 
“jitteriness” and 
decreased fine 
motor control 

Urinary System 

>Increases urine 
output 

>Can lead to 
dehydration 



Caffeine – Lethal Dose 
� LD50: Medical term meaning the Lethal 

Dose for 50% of subjects tested. 

� The LD50 of caffeine is around 10 grams 
(equivalent to about 100 cups of coffee) 

�   However, caffeine can cause problems 
at much lower doses. 



Caffeine in the brain 
Pre-synaptic 

Post-synaptic 

Synapses throughout the brain 
transmit information. 
 
There are two types of 
neurotransmitter in the brain: 

 Excitatory (glutamate, 
 acetylcholine) 
 Inhibitory (GABA, adenosine) 

 

Adenosine slows down the rate 
of synaptic transmission. 
 
 

Adenosine receptor 



Caffeine in the brain 
Pre-synaptic 

Post-synaptic 

Caffeine blocks adenosine 
receptors. 
 
Adenosine can no longer work 
to slow down neurotransmission. 
 
Adenosine receptors on 
neurons in the 
mesocorticolimbic dopamine 
system allow caffeine to trigger 
dopamine release.  
 
 

Adenosine receptor 



Cocaine 



The dopamine synapse 
Pre-synaptic 

Post-synaptic 

1) An electrical signal arrives, 
and triggers the release of 
dopamine into the synaptic 
cleft. 

2) Dopamine binds to 
receptors on the post-synaptic 
neuron and triggers another 
electrical signal. 



The dopamine synapse 
Pre-synaptic 

Post-synaptic 

1) An electrical signal arrives, 
and triggers the release of 
dopamine into the synaptic 
cleft. 

2) Dopamine binds to 
receptors on the post-synaptic 
neuron and triggers another 
electrical signal. 

3) Dopamine is re-cycled into 
the pre-synaptic cell by the 
cell. 



How cocaine works 
Pre-synaptic 

Post-synaptic 

Cocaine blocks the re-
uptake of dopamine, 
leading to an overload of 
dopamine in the synaptic 
cleft. 



Tolerance to cocaine 
Pre-synaptic 

Post-synaptic 

The brain adjusts to 
excessive dopamine by 
decreasing its sensitivity to 
dopamine, and making less 
dopamine. 



Tolerance to cocaine 
� The consequences of this change?   

� 1) Dopamine stops working even for 
normal things. 

� 2) The user needs to take more and more 
cocaine for it to have the same effect. 



Withdrawal from cocaine 
Pre-synaptic 

Post-synaptic 

If you take cocaine away, 
you’re left with less 
dopamine, and neurons that 
are numb to its effects – it still 
won’t work normally. 
 
If dopamine doesn’t work, 
then you aren’t able to get 
pleasure from normal, 
healthy things. 



Tolerance and withdrawal 
� Tolerance is caused by the brain 

adapting to excess stimulation by 
lowering its sensitivity. 

� Withdrawal is the effect of this lowered 
sensitivity when you quit taking the drug. 
�  For this reason, withdrawal usually feels like 

the opposite of whatever drug it is you were 
taking. 



Relapse: A persistent risk 
� Drug users can relapse and return to 

taking drugs even years after they’ve quit. 

� This is mainly triggered by context and 
stress. 



Marijuana 



Marijuana 
� Quiz time: What is the main ingredient in 

marijuana? 



Marijuana 
� Delta-9 Tetrahyrocannabinol 

(THC) is the main (but not the 
only) psychoactive 
ingredient in marijuana. 

� THC binds to a recently 
discovered class of receptors 
called “cannabinoid 
receptors” 



How THC affects the brain 
� These receptors are found on neurons in a 

large number of brain areas including: 
�  Hippocampus (memory) 
�  Hypothalamus (appetite) 
�  Cerebral cortex (cognition) 
�  Spinal cord/midbrain (pain) 

� However, there are NO cannabinoid 
receptors in critical parts of the brainstem.  
Therefore it is next to impossible to 
overdose. 



Cannabinoid Receptors in the Mouse Brain 

Revealed using Immunoflourescent Staining 



Marijuana in the brain 
Pre-synaptic 

Post-synaptic 

Endogenous cannabinoids 
normally act on presynaptic 
cannabinoid receptors to slow 
down neurotransmitter release. 
 
 

Cannabinoid receptor 



Marijuana in the brain 
Pre-synaptic 

Post-synaptic 

Endogenous cannabinoids 
normally act on presynaptic 
cannabinoid receptors to slow 
down neurotransmitter release. 
 
 
 
THC is an exogenous 
cannabinoid.  When it binds to 
cannabinoid receptors, it also 
slows down neurotransmitter 
release. 
 
 

Cannabinoid receptor 



What’s the worst drug? 


