MAKING EDUCATED CHOICES: DRUGS AND YOUR BRAIN
♥Introduction 

My name is Dr. Linda Gorman and I am a member of the Psychological and Brain Sciences Department.  I also serve as the Associate Director for Undergraduate Studies for the Neuroscience Program.
Today I am going to focus on alcohol, marijuana and Adderall – which belongs to a category of drugs that when used appropriately helps people with ADHD and other attention disorders, but is being abused as a performance enhancing drug.

I am here today - not to preach to you about the “evils of drugs” or to judge you in any way - , but to educate you about the effects of drugs on your brain.  I wouldn’t lie to you and tell you that I know everything about how these drugs affect your brain – but, I will tell you what I do know.

You will then hopefully be able to make educated decisions about using these compounds.

.

♥why dO PEOPLE USE DRUGS?

Before we begin, a question that I often ask myself – is why do people use drugs?

Since the beginning of time, most people have used drugs – whether it is alcohol or other compounds -  for the relief from anxiety.  At low doses, alcohol is an anxiolytic compound – it relieves stress – that’s a good thing because we all have stress in our lives and we all want to relieve it.

Are drugs the only way to relieve stress? Of course not.  Lots of ways…there is exercise, meditation, reading, sleeping, video games, you get the idea.  There are lots of ways to relieve stress besides alcohol.

Some people use drugs to escape their problems.  Drugs alter our consciousness, so we forget about our problems while we are using them.

Plus, drugs make you “happy” – people are often surprised when I say this – but it is true.

As we will see they work to turn on dopaminergic mesolimbic system – your reward center.

This is a system in your brain that makes you do certain behaviors that you need to stay alive.  You eat when you are hungry – when you NEED food – and food when you are REALLY hungry makes you happy.   

Other people say they try drugs because of peer pressure or because they are bored.
And…with the cognitive enhancing drugs – like adderall – people who aren’t prescribed these compounds use them to gain a competitive advantage.
♥DRUGS AND THE BRAIN

All drugs of abuse affect your brain – which is why they are called psychoactive drugs.

So in order to understand how drugs affect your brain – you need to know a little bit about how your brain works.

♥THR brain 

Here is a brain.  It is a beautissimus structure!!! But, your brain is only one part of a system – your nervous system.
I like to show this drawing because it shows you how extensive our nervous system is.  It is not just your brain in your head.  It is your spinal cord and all of the nerves that extend throughout your entire body.

The nervous system is made up of billions of cells called neurons.
♥How the brain works:  neurons

Neurons are very social little creatures and in order for them to survive they must talk to other neurons or other cells in the body.

This “talking” that neurons do is essential for even the simplest behavior.

Neurons “talk” by releasing a chemical known as a neurotransmitter.  

There are receptors on other neurons and other cells in the body that “catch” the neurotransmitter.  

In a nutshell – that is how the brain transmits all information.

♥BRAIN & behavior
The neurons are makeup massive circuits that control all of our behaviors.

In particular, your brain controls all of your behaviors that help to keep you – as an animal – alive.  

Behaviors like eating when you are hungry, sleeping when you are tired, drinking when you are thirsty, keeping warm when you are cold and keeping cool when you are hot.
Your brain also controls behaviors that are involved in keeping our species “alive”.

Behaviors like finding mates, having little ones, and taking care of the little ones so that they can also help to keep our species alive.

♥HOW OUR BRAIN KEEPS US ALIVE
There are complex circuitries within your nervous system that are involved in the behaviors that keep you alive.

First, there are many signals that the nervous system receives to assess your survival needs - like hunger.  
Once the need is assessed, then the nervous system produces a behavior so that you can obtain what you need – it causes you to go to find food.  
If there is a need – you are hungry – then when you get food you actually feel pleasure – happiness – especially if you are really, really hungry.  
As you eat – your need is fulfilled.  Signals go to your brain to shut off the behaviors that had you go in search of food.  There is no more need – so you don’t need to do behaviors that will allow you to obtain food.  There entire system is regulated by this “negative feedback”. 

♥reward pathway

Studies have shown that it is your reward pathway – actually the dopaminergic mesolimbic system – that is activated when your needs are fulfilled.  When this pathway is activated – you feel happy.  Anything that makes you happy – activates the reward pathway.  
This is an extremely important part of your brain that helps control ALL of your behaviors.
♥DRUGS AND REWARD PATHWAY
We know that drugs like alcohol, marijuana, cocaine, heroin, etc. all target your reward pathway – which means they make you happy – they bring you pleasure.
When I talk to inner city kids about drugs, my presentation is titled, “Do Drugs Make You Happy?”
The kids are always surprised when I admit that YES – drugs do make you happy.  That is one of the reasons that people take them.  
BUT…as a neuroscientist I know that the drugs act on the reward pathway – faster, stronger and longer than normal things that activate that pathway.

This is why drug addicts don’t care if they eat, where they sleep, or if they take care of the kids.  The drugs have changed their brains – their reward pathway.  Now things that normally activate this system, like food, shelter, relationships, etc. don’t activate the reward pathway as much.
So, by taking the drugs we have changed our brains and our reward pathway is not happy.

♥PROBLEM WITH DRUGS
While most people use drugs and alcohol to relieve stress and have fun – the changes that these substances cause in the brain actually causes stress.
Remember how your brain is supposed to work.  

Your brain senses a need - causes a behavior to occur so that you get whatever was needed.  Once you obtain what was needed – a negative feedback mechanism shuts off the need.
With drugs and alcohol – there is no physiological need.  
You take the drug – the reward pathway is activated – but, then because there was no real need – there is no negative feedback.  Your brain is in a constant state of “need” – which leads to stress.
So, let’s look at the way alcohol, marijuana and Adderall affect your brain.
♥how alcohol affects your neurons
Let’s begin by looking at how alcohol affects you’re the cells that make up your brain.
Alcohol is a small molecule.  

Covering every single neuron in your brain is a membrane – that is made up of lots of proteins.

Alcohol, because it is such a small molecule, can get into the membrane that covers the entire extent of the neuron. 
When alcohol gets into the neuron it affects the structural integrity of the membrane.  So what???

Remember how we talked about there being receptors that were on neurons that “catch” the neurotransmitter being released from other neurons?  
Well, those receptors are embedded in the membrane.  
Alcohol – because it is such a small molecule - gets into the membrane and makes it is harder for those receptors to maintain their shape – which is needed for them to catch neurotransmitters.
When you drink – there is not only one molecule of alcohol but lots that get into the membrane that is covering the neurons making it harder for the neurons to do their job….which is talking to other neurons and other cells of the body.  
When alcohol is in your body it alters the function of the neuron because it is affecting the membrane – which is totally covering the neuron.

♥alcohol: an equal opportunity drug

Alcohol – unlike all the other drugs that can get into your brain and change your behavior - is an equal opportunity drug.

Other drugs, like heroin, cocaine, ecstacy, and marijuana only affect certain neurons within the nervous system – this is bad for other reasons we won’t talk about today.

These other drugs specifically target and alter the function of certain kinds of neurons and they do it fast – which makes them dangerous.

Alcohol affects EVERY neuron within the nervous system it doesn’t discriminate – it changes the neurons more slowly – but it affects every neuron.

Alcohol is considered to be a CNS depressant – which means that decreases the activity of the neurons.  Not good, especially if it decreases the activity of the neurons responsible for making sure that we are breathing. 

Alcohol works in a dose dependent manner.  What the heck does that mean???

As you increase the amount of alcohol that is in your blood you increase the CNS depressant effect; which goes from reducing anxiety, to making you a little less inhibited, to sedating you, to causing you to lose consciousness, to causing you to feel no pain, to putting you in a coma, to killing you.  Not good.
Another thing that we know about alcohol, which is different than any of the other drugs we will talk about, is that it is metabolized in a constant, linear way.  

Because of the way that alcohol is broken down by the body – we know that the amount of alcohol you consume – the amount of alcohol you breakdown = your blood alcohol content. 

We also know that alcohol affects your behavior in a dose dependent way and so we can correlate certain behaviors with certain blood alcohol concentrations.

♥calculating BAC and behavioral effects

Using these handy BAC cards – which you will all get - we are able to determine based on your gender and weight – what your blood alcohol concentrations are in your body with each drink that you consume.

First, you need to know that a drink is 12 oz. of beer, 5 oz. of wine or 1.5 oz of 80 proof alcohol – not necessarily a full Solo cup of punch that you get at a party.

Basically, it takes 1½  to 3 hours to totally metabolize one drink.  (The average person metabolizes 6-8 grams (7.5-10 ml) of alcohol per hour and the rate is fairly constant per individual).  

Here we see based on your gender and weight approximately what your BAC is and how it relates to behavior.

Drink responsibly - you hear this being said all the time, what does it mean?  Stay in the Blue Zone.
♥Your brains defense system
Because alcohol is toxic to your brain, there are 2 defense methods that your brain uses to protect itself, and neither is pleasant.

You throw up.

If you have ingested toxic amounts of alcohol, then your neurons activate a circuit – in your area postrema – that basically makes you throw up.  Good – it gets the alcohol out of your system and brain quickly.  
Next, you pass out.

Your brain is saying “enough is enough” – Your brain – believing you are too stupid to stop ingesting drinks on your own - takes over and shuts off the “consciousness” center in an attempt to stop you from putting more alcohol into your body.
A problem can arise if you pass out before your throw up – that problem being asphyxiation – you drown in your own vomit – YUCK!!!
When you play drinking games – even with beer – you can consume enough alcohol to get you into the black zone.

Your BAC levels can get high enough so that you bypass the brain’s defense mechanisms.

♥Problems with alcohol

One of the current trends – especially in colleges – is binge drinking.

Drinking mass quantities of alcohol – that will put your BAC levels into the black – quickly, before your brain has a chance to protect itself – can cause problems.

Binge drinking is defined as the consumption of five standard drinks (1 oz. of alcohol, 12 oz. beer, 4 oz. wines) for males, 4 standard drinks for females in a 2 hour period OR obtaining a blood alcohol level of 0.08.  (Ann. Rev. Psychol. 2008, 59:29-53)
Binge drinking puts you into the yellow zone – Risky Business.
Because alcohol is metabolized at a constant, linear rate - this means that you can ingest alcohol faster than your body can get rid of it.

♥alcohol:  TOXIC TO DEVELOPING BRAINS

Now, let’s talk about some of the problems when college students use alcohol and other drugs.
First, our nervous systems continue to develop well into young adulthood.  
In fact, areas of our brains that are particularly important for higher cognitive functions – thinking, learning, remembering, behaviors that are important to college students – these areas have neurons that are busily making connections with other neurons.  
They are forming circuits so that they are able to do the behaviors that are important to us at this stage of our lives.
When neurons “talk” to each other, they pass information along through long processes – their axons.  In order to transmit information faster, these axons are insulated with myelin – a shiny white substance.  

One of the reasons that developing brains may be more susceptible to the bad effects of alcohol is the fact that up until about the age of 21 years – give or take – the part of the nervous system that is responsible for all of your higher cognitive functioning – your cerebral cortex – is still myelinating.
When the axons are not fully covered by myelin – then the tiny little molecule of alcohol can get into the membranes of the neurons.  This disrupts the neurons ability to “talk” to other neurons – so the neural circuits do not function properly.  Plus, alcohol also affects the cells that are making the myelin – the glial cells.

In the diagram on the right, the red lines indicate areas where white matter tracts are compromised in binge drinking adolescents.

We know that alcohol is toxic to developing brains.  This is one of the reasons that it is so detrimental for adolescents to drink alcohol.   
In this particular study, the mean total cranial brain volume, adjusted for age, sex, body mass index.  TCV indicates total cranial volume; low, 1 to 7 drinks per week; moderate, 8 to 14 drinks per week; and high, more than 14 drinks per week.
♥common ALCOHOL misconception
One of the common misconceptions about alcohol – and one that my students definitely thought other people should know about alcohol is that, even at low doses, alcohol is NOT an aphrodisiac.  

While alcohol at low doses may “loosen you up” so that you can approach the object of your desire – we know that for men even at low doses alcohol affects those neurons that are trying to help prepare your reproductive organs for action.  

There is a nice little term – tumescence – which basically relates to the anatomical preparedness of your equipment.  It decreases both the rate of your preparedness and the actual maximal size that will be achieved.  Now, we all know that men correlate size and function – so guys if you are trying to impress – alcohol is not your friend.

Ladies, you can laugh – but studies have shown that even with low levels of alcohol – it takes longer to get to the happy place…. 
....One of my favorite quotes from Shakespeare’s Macbeth about alcohol is “it provoketh the desire, but it taketh away the performance”.  Enough said.

♥HOW DOES MARIJUANA CHANGE YOUR BRAIN
Let’s turn our attention now to marijuana.  

Because we were trying to figure out HOW marijuana works in our brains – in 1990 we discovered an entirely new chemical system within our brains.
Endocannabinoids – chemicals that mimic the THC found in cannabis – are made by some neurons when they are activated. 

The endocannabinoids are made and they travel back to other neurons – and they shut them off.

Now, endocannabinoids are ONLY made under certain conditions – when it is needed.  They bind to receptors and then they are degraded.  This all occurs within seconds.
Marijuana – or THC (delta-9-tetrahydrocannabinol) – floods the nervous system.  It binds to the same receptors that the endocannabinoids bind to – and because it stays around a lot longer – it causes a decrease in the receptors.
♥MARIJUANA & BEHAVIORS
We are still learning about the role our endocannabinoids plays in our behaviors.  But we know that there are endocannabinoid receptors in lots of areas of our brain.  THC binds to those receptors, so marijuana affects…

· the cerebral cortex and hippocampus – so if affects learning and memory and higher cognitive functions
· nucleus tractus solitaries – feeding behaviors
· cerebellum – so it affects movement and coordination

· reward pathway

· hypothalamus – all your housekeeping functions

· brainstem – sleep, arousal, temperature regulation

· spinal cord – sensation (pain)

· amygdale – emotion (fear)

to name but a few.
♥PROBLEM WITH MARIJUANA:  METABOLISM
Different concentrations of THC in your brain will cause different effects – so, like alcohol there are dose dependent effects.
You only need a little bit to disrupt learning and memory.  A higher concentration will give you that happy, laid back feeling.  Very high concentrations will cause psychotic behaviors – paranoia, delusions.

One of the major problems with marijuana is the fact it affects many behaviors AND it is very lipophilic.
This means that it loves fat.  It hides in your fat.

So…it stays in your body for a long time.  This means that it is going in and out of your blood and in and out of your brain.  So it has effects on your brain for a very long time

The drug metabolism ½ life of THC is 15-30 hours.

That means it takes 15-30 hours to totally get rid of ½ of the THC ingested.  It takes 6 half lives – or 90-180 hours 4 – 8 days to get rid of all of the THC ingested.

Remember, it only takes a little bit of THC to disrupt learning and memory…so you smoke pot on Saturday night at a party and you still will have effects on your learning and memory well into the week!!!
♥PROBLEMS WITH MARIJUANA
Health Consequences of Marijuana Abuse Acute (present during intoxication)
· Impairs short-term memory

· Impairs attention, judgment, and other cognitive functions

· Impairs coordination and balance

· Increases heart rate
Persistent (lasting longer than intoxication, but may not be permanent)

· Impairs memory and learning skills
So, basically you all applied to and were accepted into Johns Hopkins – a place of higher learning.  So it just seems counterintuitive to me that you would then come here and use a substance that would impair your learning and memory processes.  Because…marijuana makes you stupid!!!
In addition to these effects, marijuana smoke contains 50 percent to 70 percent more carcinogenic hydrocarbons than does tobacco smoke.
 It also produces high levels of an enzyme that converts certain hydrocarbons into their carcinogenic form, levels that may accelerate the changes that ultimately produce malignant cells.

Marijuana users usually inhale more deeply and hold their breath longer than tobacco smokers do, which increases the lungs' exposure to carcinogenic smoke. These facts suggest that, puff for puff, smoking

marijuana may increase the risk of cancer more than smoking tobacco does.
♥HOW CNS STIMULANTS CHANGE YOUR BRAIN
O.K.  What about the drugs that students are using to gain a competitive advantage – these are the drugs I am calling the performance enhancers or cognitive enhancers.  What is wrong with these drugs?  Isn’t enhancing your cognitive abilities a good thing?
Well, these drugs – like Adderall and Ritalin – fall into a category of drugs called CNS Stimulants.  Other drugs in this category include Ecstacy, amphetamines, methamphetamines and cocaine.

The way these drugs work is by targeting 3 very important neurotransmitter systems in your brain; serotonin, dopamine, and norepinephrine.  When I say they “target” I mean that these drugs increase in the concentration of these drugs in your brain – either by increasing the release, or blocking the degradation.
♥CNS STIMULANTS & BEHAVIORS
Serotonin, dopamine and norepinephrine are involved in lots of behaviors because they affect many different brain areas.
· Attention

· Emotions

· Sleep

· Feeding Behaviors

· Reward Pathway
Again, these are just some of the behaviors that the CNS Stimulants will affect.
♥ HOW CNS STIMULANTS CHANGE YOUR BRAIN
Now, we all know that there are some people who need to take these drugs to perform normally.  These are people who are diagnosed with one of the many attention deficit disorders.  

So why is it okay for those people to take the drugs and not someone who doesn’t have one of these disorders?  Isn’t the drug giving them an advantage?

First, when someone is diagnosed with attention deficit disorders this means that something is not working properly with one or more of their neurotransmitter systems – 5-HT, DA or NE. 
They are given a drug to try to figure out what neurotransmitter system is not working.  They are started off on low doses of the drug and they are monitored.  What the physician tries to do is give the patient the smallest doses possible to produce the least amount of side effects. 

The drug will change the patient’s brain – but it tries to make it more normal.

When a person does not have attention deficit disorders, first their neurotransmitter systems are normal.  
They don’t have a problem with their neurotransmitter levels. 

They take the drug – so any dose is too high – because they don’t need it.

Plus, not monitored – so they will probably have side effects.

To understand how this works – I have a Basketball Analogy.
♥ HOW CNS STIMULANTS CHANGE YOUR BRAIN
Drugs can help your brain – when it needs help.

♥ HOW CNS STIMULANTS CHANGE YOUR BRAIN
Drugs can hurt your brain – when they are not needed - by making it less effective. 

♥ HOW CNS STIMULANTS CHANGE YOUR BRAIN
Now, without the drug your brain is trying to work – but, it only has 2 players, so it is stressed out.
♥PROBLEM WITH CNS STIMULANTS:  DEPENDENCE
Say you have an exam coming up and you decide that you are going to try a CNS stimulant.  You take the drug, study and do well on your exam.
The drug taking behavior was reinforced with the good grade – so you may now use the drug as a “aid” (like a walking cane) – you become dependent on it.

The next exam comes and you say “why not” – you take the drug and do well – so now you are using the drug as a “crutch” – you feel you can’t do well without it.  You are not more dependent on the drug.

It gets to the stage where you can’t take an exam or write a paper without the drug.  You are soooo dependent on it – that you are incapacitated – you need a wheelchair to get along.

As your dependence increases, you are changing your brain.  At some point you will flip a switch and your once normal healthy, happy brain becomes an addicted brain.

You have given yourself a disease – an addiction. 
♥PROBLEM WITH CNS STIMULANTS: ↑ USE
We are building a population of young professionals that do not think they can perform without these CNS Stimulants.
Now, that might not be a bad thing – if the only thing these drugs were doing was enhancing cognition – but, it is not.  There are many behaviors that are also affected.

As a neuroscientist, this deeply troubles me – because with the increase in Alzheimer’s disease we are constantly working on trying to come up with new drugs to help improve memory.  Will students start taking these drugs as well – probably – do they have AD – probably not.  Will these drugs also be affecting lots of behaviors – definitely.
♥problem with cns stimulants:  brain & body
Talk to anyone who knows someone who has used CNS stimulants without having an attention deficit disorder and they will tell you that the drug changes the person – in terms of their personality and emotion state.
The drug also affects our body – causing increasing in heart rate, blood pressure, etc.  So…we used CNS stimulants to gain a competitive advantage – we may now be to the point where we did well in college, got that high paying (stressful) job.  We are now starting our families…but, because we used the drug to accomplish our goals – we have a heart attack or stroke and die before we can reap the benefits!!!
♥come up with alternative strategies
I am not going to lie to you…college life is going to be stressful.  The best advice I can give you is to come up with ways to handle the stress other than using alcohol or other drugs.
It is healthier and will make you happier in the long run – because life is stressful.
♥moderation is key:  stop at buzzed
We realize that alcohol is going to be present – even here in the haloed halls of Johns Hopkins.

We have students here that are of legal age and can drink – we are trying to educate all of our students so that they know the effects of alcohol and they will drink responsibly. 
You can still go to the parties and socialize - but as freshman remember - you are still myelinating. 

You are Hopkins’ future – we admitted you into our fine institution because you have enormous potential.

So do us a favor – while you are here – BE NICE TO YOUR BRAINS.

It has been my hope that you now know what the real effects of alcohol on your brain are and how to be nice to your brain.  

My goal here has not been to force you to decide to drink or not drink – but to give the facts and allow you to make an informed decision.

This kid is DEFINITELY NOT being nice to his brain – it is my hope that you are all smart enough and have the basic information about the effects of alcohol on your brain NOT to behave like this little cherub. 

So…know your limits.  

Give your brain a fighting chance – you are here at Hopkins which means you have a “good” brain and we want to make sure you take care of it while you are here.

♥drugs and your brain
When it comes to drugs and your brain – the best advice is to just say no.
Look at what drugs did to poor Amy Winehouse!!!
♥ be nice to your brain
As a neuroscientist, I urge you to be nice to your brain and make educated choices when it comes to alcohol and other drugs.
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