
Adolescent 
Brain 
Development 

Maryann Davis, Ph.D. 
Transitions Research & 
Training Center  
Systems & Psychosocial 
Advances Research Center  
Department of Psychiatry 



Learning Objectives: 
 
What is typical adolescent 
brain development 
 
How is brain development 
related to substance use 
 
How does substance use 
affect brain development 









Through Adolescence the brain 
continues moving from a network of 
grassy paths to super highways 

Step 1. Synaptic Pruning 
 
Process:  Use it or Lost it.  
Goal:  Increase Brain 
Efficiency 

Step 2. Myelination of Neurons 
 
Process:  Insulation  & 
Protection 
Goal:  Increase Brain Speed 
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Presentation Notes
When we say development, what do we really mean?  The brain structures are in place relatively early in life, but they aren’t functioning at their peak until the mid-20’s. Two processes increase the quality of connections between neurons, and their ability to send messages to each other, and thus to different parts of the brain. 

Step 1. Pruning of Synapses:  Synapses are the connections that form as we learn to do things. 

At birth, the brain is like a blank canvas – there are very few synapses already formed – probably just those necessary for life.  By the age of six, our brains have formed lots and lots of connections through our experiences with the world.  The brain becomes full of synapses (“grassy paths”) as we go through this period of intense learning, called Blossoming, early in life. During blossoming, there is a ton of brain activity that forms many many connections as the brain learns new things. The brain has the greatest capacity for learning during this period – think CRITICAL PERIODS (language, vision, etc.).”

But having lots and lots of paths to exchange information in the brain isn’t very efficient. As we get older, the brain figures out which connections it really needs and starts a process called pruning. During pruning, connections between neurons that are not used will get pruned away to make other connections more efficient.  “Use it or lose it.”  What’s left is a series of fewer “super highways” that the brain uses to rapidly communicate between different brain area. 

Step 2. Myelination:  The connections that do not get pruned away, go through a process called myelination in which an insulating and protecting sheath, made of protein and fat, forms around the axon of the neuron. In much the same way that insulation around an electrical wire increases the speed of current through the wire, the myelin increases the speed of the neuron to send its signal to other neurons.  



Synapses are the places where 
communication occurs between neurons. 

Communication signals an 
important relationship 
between neurons and brain 
structures that should be 
preserved. 

Disruptions in 
communication can 
lead to disruptions in 
form and function of 
the nervous system. 
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Presentation Notes
Why are synapses important? It’s where cell (neuron) communication occurs. One cell is the “mouth” and the other cell is the ‘ear’’. They “talk” through the synapse. 
Why did we spend the time to talk about synaptic pruning and myelination?  Because communication serves as the architect of the brain – places where communication happens often are strengthened and preserved through pruning and myelination.



NEURONS THAT SURVIVE SYNAPTIC 
PRUNING GET MYELINATED.  

Myelin acts like the insulation around an electrical wire:  it offers 
protection and speeds up the transmission of the signal between 
cells. 





BRAIN DEVELOPMENT DOESN’T HAPPEN 
ALL AT ONCE:  

 

STRENGTHENING CONNECTIONS THROUGH 
MYELINATION CONTINUES INTO YOUNG 

ADULTHOOD. 

Gogtay N, Giedd JN, Lusk L, et al. Dynamic mapping of human cortical development during childhood through early adulthood. Proceedings of the National Academy 
of Sciences of the United States of America. 2004;101(21):8174-8179. 

Very little 
myelination 

Highly Myelinated 
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The brain develops from the back to the front. 

These are 3-D reconstructed MRI images of the human brain across different ages. The blue areas are white matter volume typically increases (myelination) and gray matter volumes typically decreases (synaptic refinement or pruning ) as we get older as shown by these scans.

Yellow, green, red indicates more gray than white matter.  Purple shows the gray matter decreased significantly.

The other thing to notice is that the whole brain doesn’t change all at once.  These scans show how different parts of the brain develop at different times. 
















Sensation Seeking Promotes Initiation of Substance Use, While 
Impulsivity Contributes to Its Escalation  
Young teens highly motivated to seek novel/ intense sensations are 
more likely to initiate use of alcohol, marijuana, or tobacco 
 
Teens already using substances, more impulsive teens are more 
likely to escalate use 
https://www.drugabuse.gov/news-events/nida-notes/2016/05/sensation-seeking-promotes-initiation-
impulsivity-promotes-escalation-substance-use  
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Alcohol Use and Small Hippocampus; 
memory, learning, & sleep regulation 

HIPPOCAMPUS SIZE (VOLUME) 

Nagel, Schweinsburg, Pham, & Tapert, 2005 

P<.05 
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Presentation Notes
Alcohol also plays a role in brain development. We previously discussed how actively the brain is developing during adolescence. One part of the brain that has been found in research studies to be especially sensitive to the effects of alcohol is the hippocampus, which is here outlined in blue in the temporal lobe.  

The hippocampus plays a major role in learning and forming memories.  It also helps to regulate sleep. 

The hippocampus typically grows during childhood and adolescence.

If using alcohol during its development, the development is slowed.  Alcohol can actually shrink the hippocampus and make it harder to learn.




Marijuana binds to cannabinoid 
receptors 

Source: NIDA 

Front 

Back 
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MJ contains a number of chemicals known as cannabinoids (more than 100) that can bind to something called the cannabinoid receptor on human brain cells. 
PINK DOTS=CANNABOID RECEPTER SITES

THIS IS CALLED THE endo-cannabinoid system also plays a role in brain growth and development.  Specifically, cannabinoid receptors help guide neurons to the correct targets in the developing brain.  Interfering with this process can result in aberrant brain development and associated disorders, most notably, schizophrenia.
The human brain is sensitive to marijuana because we are all born with “cannabinoid” receptors on our brain cells to which THC binds. 
Other psychoactive drugs also bind to receptors in our brain, such as heroin (opioid receptors) and nicotine (nicotinoid receptors).

It turns out that cannabinoid receptors are one of the most common types of receptors in the brain. 
This slide shows where cannabinoid receptor sites (shown as pink dots) have been found in the brain. They are plentiful in areas from the prefrontal cortex in the front of the brain, to the cerebellum (coordination) and visual center in the back of the brain, to the reward system, hippocampus (memory), hypothalamus (appetite, body temperature, emotions, digestion, etc.), and thalamus (receives and relays sensory information such as pain) in the middle of the brain. One well known effect of marijuana use is memory impairment. Scientists have found that THC dampens down the activity of hippocampal neurons, below the level needed to trigger the formation of a memory. 

With chronic THC exposure, and therefore, continual suppression of hippocampal neuron activity, the neurons start to lose connections to other neurons, making it harder to form and retrieve memories.

Brain imaging studies have found that regular marijuana users actually have, on average, smaller hippocampuses than non-users, and poorer memory performance. While we all tend to lose neurons in the hippocampus as we age (which explains why we have a harder time remembering and learning things as we get older), chronic THC exposure will speed up this process. Scientists found that young rats exposed daily to THC for 8 months showed the same level of hippocampal cell loss as unexposed rats twice their age (Source: Marijuana Abuse, NIDA Research Report Series, 2010).




Adolescent Marijuana use & adult IQ 

Never used 

Mj dependent 2 yrs 

Mj dependent 1 yr 

Used, never dx 

Mj dependent 3+ yrs 

Average IQ change: 
 
•“Never used” 

• (+) 99.8 to 100.6 

•“Mj dependent 3+ yrs” 
• (-) 99.7 to 93.9  
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The Dunedin Study
N=1037
5 assessments beginning at age 13, ending at age 38.
Tested IQ,  neuropsych, alcohol and drug use

When their adult IQ was tested at 38 years old, the heaviest and most persistent adolescent-onset users in the study had experienced an average decline of eight IQ points from childhood to adulthood (n=38). 

Non-users had on average increased their IQ by around one point. And even after setting aside the heaviest users, a decline of a few IQ points from their childhood value was still seen in less heavy users who had started in their teens. 

What's more, the drop in mental function seemed irreversible even after people had quit cannabis.




National Institutes on Drug Abuse/ 
Alcohol Abuse and Alcoholism 

 Adolescent Brain Cognitive Development (ABCD) Study  
 13 grants to research institutions around the country 
 10,000 9 -10yr olds, followed through the period of 

highest risk for substance use and other mental health 
disorders 
 What is the impact of use on the structure and function 

of the developing brain? 
 What are the brain pathways that link adolescent 

substance use and risk for mental illnesses?  
 What impact does substance use have on physical 

health, psychological development, information 
processing, learning and memory, academic 
achievement, social development, and other 
behaviors? 
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