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The Biological Perspective 

• What is it? 
• More than «the» one biological perspective? 
• One biological perspective is the neuropharmacological effects of drugs of 

abuse on the brain.  
• A synthesis of several research trends (Koob, Volkow, Robinson, Berridge, 

Everitt, Kalivas) will be presented 
• Some equate this with «addiction is a brain disease», but what type of 

disease are we comparing with (e.g. brain tumor, epilepsy, major 
depression etc) ? 

• Basal neuroscience for psychological understanding (?)  
• Avoid the philosophical questions about «dualism» (Leibniz, Decartes) and 

«materialism» concerning the brain –mind relation 
 



          Drug use patterns 

1. Once 
 

2. Rarely 
 

3. Recreationally 
 

4. Regularly, mild  

 substance-use 

 disorder (DSM-5) 
 

5. Compulsatory, moderate 

 to severe subtance-use 

 disorder = Addiction 



Neurobiological processes of  single dose use 
and addiction 
• The main research goals: 

• Understand changes at the molecular, cellular and neurocircuitry levels that 
mediate transition from occasional, controlled substance use to chronic 
addiction 

• To find treatment targets 

 

• Single occasional drug use 

• In-between stages 

• Addiction 



Brain in charge: Receive, process, integrate, coordinate sensory 
information; make decisions; and send instructions to the body 

https://en.wikipedia.org/wiki/File:Nervous_system_diagram-en.svg


The brain 

https://en.wikipedia.org/wiki/File:Blausen_0102_Brain_Motor&Sensory_(flipped).png


The brain: cellular structure 

• Approximately 100 billion neurons = the building blocks 

• On average each neuron has contact  with several thousand other 
neurons at synapses  

• At synapses neurons communicate by release of neurotransmitters 
which change the activity in the next neuron 

• Approximately 10-15 different neurotransmitters – in most cases one 
transmitter type per neuron 



The building block of the brain: the neuron 



Communication between neurons: At the synapses 
Spesific neurotransmittors and receptors are responsible for almost all 
communication  

Presynaptic 
terminal 

Postsynaptic 
terminal 

Receptor 

https://en.wikipedia.org/wiki/File:SynapseSchematic_lines.svg


All drugs of abuse affect synaptic function: 
Different transmission systems/receptors for different drugs 



Neurotransmitter 
Distribution in the Central Nervous 

System 
Functions Affected 

Drugs That 
Affect It 

Dopamine Midbrain, Ventral tegmental area (VTA), 
Cerebral cortex, Hypothalamus 

Pleasure and reward Movement, 
Attention, Memory 

Cocaine, Methamphetamine, 
Amphetamine. In addition, virtually all 
drugs of abuse directly or indirectly 
augment dopamine in the reward 
pathway 

Serotonin Midbrain, VTA, Cerebral cortex, 
Hypothalamus 

Mood, Sleep, Sexual desire, Appetite MDMA (ecstasy), LSD, Cocaine 

Norepinephrine Midbrain, VTA, Cerebral cortex, 
Hypothalamus 

Sensory processing, Movement, Sleep, 
Mood, Memory, Anxiety 

Cocaine, Methamphetamine, 
Amphetamine 

Endogenous opioids (endorphin and 
enkephalin) 

Widely distributed in brain but regions 
vary in type of receptors, Spinal cord 

Analgesia, Sedation, Rate of bodily 
functions, Mood 

Heroin, Morphine, Prescription painkillers 
(Oxycodone) 

Acetylcholine Hippocampus, Cerebral cortex, Thalamus, 
Basal ganglia, Cerebellum 

Memory, Arousal, Attention, Mood Nicotine 

Endogenous cannabinoids (anandamide) Cerebral cortex, Hippocampus, Thalamus, 
Basal ganglia 

Movement, Cognition and memory Marijuana 

Glutamate Widely distributed in brain Neuron activity (increased rate), 
Learning, Cognition, Memory 

Ketamine, Phencyclidine, Alcohol 

Gamma-aminobutyric acid (GABA) Widely distributed in brain Neuron activity (slowed), Anxiety, 
Memory, Anesthesia 

Sedatives, Tranquilizers, Alcohol 7 



The effects of single-dose-drug intake: The sum of 
the neurotransmissions affected by a particular 
drug 
• Some drugs influence many different transmitter systems, e.g alcohol 

• GABA-transmission 

• Glutamate –transmission 

• Serotonin-transmission 

• Acetylcholin-transmission 

• Glycine-transmission 

• Opioid-transmission 

• Dopamine-transmission 

• Different ion channels 

• Other drugs of abuse affect only few transmitter systems 
 

 

 



The experience of acute drug effects: A symphony of different effects 



All drugs of abuse affect dopamine-transmission 
after single-dose-drug intake (PET-studies) 

• The increase of dopamine transmission appears to be a prerequisite 
for the experience of euphoria, «high», «a positive intoxication», drug 
liking 

• The higher increase of dopamine (DA), the higher the «high» 

• The higher concentration of drug of abuse in the brain, the higher DA 

• Rapid drug increases in the brain, higher DA 

• DA is possibly not the only or main mediator of «high» feeling 

• DA elevation connects drug-signals by learning to reward and  
motivation  



Regulation of behavior 

D 
VTA 

Dopa
mine 



All drugs of abuse increase DA by various underlying mechanisms 



The connections between VTA and striatum are part of networks 
involved in behavioral regulation 



Function of VTA-striatal connections 



Addiction 



Repeated drug intake: Neuroplastic changes 
• Neuroplasticy is the key to understand long term drug effects and 

addiction 

• Neuroplastic changes are linked to changed neuron function 

• Depending on dose and frequency: 

• Neuroplastic changes in neuronal networks affected by a drug 

• Neuroplasticity is usually a consequence of changes in protein 
synthesis in these neurons 

• Several mechanisms might be involved: The two most studied are :  

1. Changes in transscription factors   

2. Epigenetic mechanisms 

• Neuroplasticity may last for different periods of time: from hours to the 
rest of the life 



CHROMATIN AND DNA HELIX FORM CHROMOSOMES 

Nucleosomes slide apart during chromatin remodeling, increasing 

transcription factors' access to a gene and thereby activating it. The DNA 

will then make mRNA, the blueprint for protein production.  

NIDA Notes, Lori Whitten 

2007 



Neuroplastic changes might lead to changed 
amount of synapses, transmitter substance etc 





Focus on neuroplastic changes in systems 
connected to behavioral regulation 

• The drug signal leads to DA increases ,before the drug is 
taken 

• Drug wanting increases 

• Drug liking is reduced 



Liking 

 

Sporadic use Short-term use Long-term use After cessation
      of drug use   

«Wanting» 

 



Liking 

 

Sporadic use Short-term use Long-term use  

Wanting 

Increased risk of 
drug taking 
because of: 

• tolerance to liking 

• anhedonia 

• decreased 
reward from 
natural 
  stimulation 

•  increased 
  motivation  
  (craving) induced 
by: 
- small drug doses 
- cues 
- stress 



The «drivers» of addiction 

• Up-regulated wanting in relation to drug-signals 

• Downregulated liking and less liking connected to natural stimuli 

• Weakened prefrontal control of drug intake 

• Feeling of stress that might be relieved by drug intake 

 

• All these effects are linked to neuroplastic changes 

• The neuroplastic changes encompass several different 
neurotransmitter systems 





Different experiences depending on habits of 
drug use 



Long-term drug use:  A multiple of neuroplastic changes 



Addiction from a neurobiological viewpoint 

• All drugs of abuse (including alcohol and nicotine) affect behavioral regulating systems 
and can be experienced as rewarding and important 

• Repeated , frequent use gradually induces neuroplastic changes in these systems, and 
as a consequence: 

• We learn to experience drug-cues  as more important 

• Preforontal executive control is reduced 

• Liking connected to drugs and natural rewards is reduced 

• The level of stress and anxiety is increased 

• These changes together with other neuroplastic changes create a neurobiological 
fundament that makes it more difficult to resist drug taking 

• Accordingly addiction is created by frequent, repeated drug intake 

• Can happen to anyone, but young people, people with certain genetic disposition 
(largely unknown) and early traumatic experiences are more vulnerable 

 

 



Neurobiology: Some possible misconceptions 

• Neurobiology has not been particularly occupied with genetic 
disposition 

• Does not predict that addictive behavior is a «must» when the brain 
is changed neuroplastically, but such behavior is more likeky than 
before 

• Does not advocate «a brain disease concept» in the sense that this 
makes the user an irresponsible person 



Critisism of the neurobiological perspective 

• The models are resting too much on animal studies and do not take 
into account the much more complicated stucture and function of the 
human brain 

• Makes man a (neurobiological) machine-like individual, and does not 
take the psychosocial context into consideration 

• The perspective is incoherent because of gaps between molecular- 
cellular levels on one hand, and the intact brain and behavior on the 
other 

• Has not been linked to other aspects of neurobiological behavioral 
research 



Regulation of behavior: Dopamine modulation of 
motor activity 



Regulation of behavior: An interplay between 
concious and subconsious domains 



Practical consequences of the neurobiological 
perspective 

• The focus on prevention to avoid the drug-induced long-
lasting neuroplastic changes connected to substance-use 
disorder 

• Arguments in favour of increased smoking and drinking age 

• Consequences of drug addiction as a life-style induced 
disease 

• Should people who has a brain-disease-like disorder be 
incarcerated or treated? 
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