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and an interdisciplinary Ph.D. in Computer Science 
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He received postdoctoral training in cognitive neuroscience at the University 
of Pennsylvania before joining the faculty at the University of Michigan. 

Professor Polk’s research combines functional imaging of the human brain 
with computational modeling and behavioral methods to investigate the 
neural architecture underlying cognition. Some of his major projects have 
investigated differences in the brains of smokers who quit compared with 
those who do not, changes in the brain as we age, and contributions of nature 
versus nurture to neural organization. Professor Polk regularly collaborates 
with scientists at the University of Texas at Dallas and at the Max Planck 
Institute for Human Development in Berlin, where he is a frequent visiting 
scientist. At the University of Michigan, he is a cochair of the Department 
of Psychology and the chair of the Health Sciences and Behavioral Sciences 
Institutional Review Boards.

Professor Polk regularly teaches large lecture courses as well as small 
seminars on topics ranging from the human mind and brain, to cognitive 
psychology, to computational modeling of cognition. His teaching at the 
University of Michigan has been recognized by numerous awards, including 
the Excellence in Education Award from the College of Literature, Science, 
and the Arts and the Arthur F. Thurnau Professorship, the university’s highest 
undergraduate teaching award. He also was featured in the University of 
Michigan’s Professors Reaching Out for Students (PROFS) lecture series 
and was named to The Princeton Review’s list of the Best 300 Professors in 
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Scope:

Addiction is a modern-day epidemic. More than 500 people die every 
hour as a result of an addiction-related disease or an overdose, and 
addiction is estimated to cost the United States more than 600 billion 

dollars every year in health-care costs, lost productivity, and crime. Families 
are destroyed, careers are lost, and lives are wasted. And the problem is 
only getting worse. If we ever hope to stem the tide, it is imperative that 
we develop a better understanding of what addiction is and how it works 

answering these questions in the last few decades. This course will survey 

The course begins by providing some fundamental background on addiction, 
its relatively recent rise in prevalence, and the scope of the problem today. 
It then turns to one of the most important discoveries in the science of 
addiction—namely, that all addictions hijack the brain’s natural reward 
system, leading to an almost-irresistible urge to pursue the object of the 
addiction. The normal operation of the reward system, the way it is changed 
in addiction, and the crucial role of dopamine—the so-called addiction 
molecule—will all be covered in depth. The course will also explain the 

susceptible to addiction than others.

The second major section of the course will focus on drugs. One lecture will 
explain how certain drugs can produce psychological effects by mimicking 
the brain’s own chemical messengers, the neurotransmitters. Then, a 
sequence of lectures will cover caffeine, nicotine, alcohol, marijuana, 
opioids like heroin, and stimulants like cocaine and methamphetamine. 
These lectures will explain in detail how these drugs work and how their 
chronic use can lead to dependence and addiction.

The Addictive Brain
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such as pathological gambling, food addiction, and video game addiction. 
These lectures will explore evidence that these stimuli are supernormal in 

than other stimuli do, resulting in addictions similar to those seen with 
drugs of abuse.

By the end of this course, you will have a new understanding of what’s 
going on in the brains of alcoholics, crack addicts, smokers, and adolescents 
hooked on video games. And that understanding will make you a more 
informed consumer of the many stories about addiction in the popular press. 
You also will be in a much better position to form an educated opinion about 
controversial topics surrounding addiction, such as whether addiction is 
a disease and how our society should respond to the growing problem of 
addiction today.
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Addiction 101
Lecture 1

Awill provide some background on drugs and addiction. You also 
will learn about the history of drug use and the war on drugs, as well as the 
societal and personal impacts of drug addiction. The goal of this course is to 
help you develop a better understanding of addiction, how it works, and how 
it manages to take hold of so many people around the world. 

Drugs 
 A drug is typically considered to be a substance other than food 

that changes biological functioning when it’s introduced into the 
body from outside. Cocaine, heroin, and marijuana all satisfy 

 
the difference? 

 One of the key differences is that cocaine and heroin are 
psychoactive while antacids and antibiotics are not. Psychoactive 
drugs affect the function of the brain and produce psychological 
effects like changes in mood, perception, and cognition. 
Psychoactive drugs are often addictive. Psychoactive drugs are not 
limited to the hard drugs like cocaine and heroin. Nicotine, alcohol, 
and caffeine are also psychoactive drugs. 

 Using a psychoactive drug is different than being addicted to a 
psychoactive drug. In fact, many potentially addictive psychoactive 
drugs are used in modern medicine every day without any problems. 
For example, stimulant drugs like Ritalin and Adderall are very 

disorder despite the fact that they’re potentially addictive when 
used inappropriately. 
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 Likewise, opioid drugs like morphine and codeine can be very 
addictive, but they’re still the drugs of choice in the management 
of pain. And when implemented as directed by a physician, these 
treatments don’t usually lead to addiction. 

 Furthermore, millions of people use psychoactive drugs 
recreationally from time to time, and the vast majority of them 
aren’t addicted, either—nor do they become addicted. Consider 
the huge number of people who drink alcohol on a regular basis 
without becoming alcoholics, for example. 

Addiction 
 What constitutes a real addiction? It turns out that answering this 

question is tricky. In fact, many scientists try to avoid using the 
term “addiction” entirely, because the word can mean different 
things to different people. As a result, psychiatrists often prefer the 
term “substance use disorder” to make clear that the behavior in 
question is actually abnormal and unhealthy. 

 Substance use disorders are diagnosed based on the presence 
of a subset of 11 characteristic features. If two or three of the 
characteristic features are present, then a mild addiction is 

addiction is diagnosed. And the presence of six or more features 
indicates a severe addiction. 

 The characteristic features can be divided into three groups: those 
related to abuse, dependence, and craving. First, consider abuse. For 

negative consequences for the addict. Some of those consequences 
might be physical. For example, alcoholics often continue drinking 

might be social and interpersonal. Many addicts continue in their 
addictive behavior to the point that it alienates friends and family. 
Furthermore, addicts often end up neglecting major responsibilities 
as a result of their habit. 
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 Another hallmark feature of addiction is dependence. Drug 
addicts often get to the point that they depend on their drug, both 
psychologically and even physically. One of the main symptoms of 
physical dependence is the development of tolerance to the effects of 
a drug. Addicts often need more of the drug to get the effect that they 
want. Another symptom of physical dependence is withdrawal. If a 
drug addict abruptly quits taking their drug, they’ll often experience 
very unpleasant physical and psychological symptoms. In fact, many 
addicts will tell you that they actually need to take their drugs just to 
feel normal; they just don’t function properly without them. 

 The third hallmark feature of addiction is craving. When they’re 
not using, drug addicts often report an extremely strong desire or 
urge to use their drug. This craving can be so strong that the addict 

completely obsessed with getting more of the drug. Furthermore, 
environmental cues that are associated with drug use become very 
strong triggers for craving. For example, a heroin addict’s cravings 
might be triggered by seeing a needle. 

 Scientists have discovered some fascinating evidence that suggests 
that it is possible to be addicted to something other than a drug. For 

of addiction. It, too, is characterized by craving and by persistent, 

So, many scientists now consider so-called behavioral or process 
addictions like gambling to be the same kind of addictive disorder 
as chronic drug abuse. 

The History of Drug Use and the War on Drugs 
 Roughly 80 million Americans could be considered addicts. But 

while addiction has only recently become a major threat, drugs 
are not new, and drug use is not a modern development. Most of 
the drugs that people commonly use and abuse today are derived 
from plants, and people have recognized the psychological and 
physiological effects of those plants for thousands of years. 
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 There is evidence that by the year 3400 B.C., the Sumerians were 
aware of the psychological effects of the opium poppy, from 
which opium and heroin are derived. Likewise, South Americans 
have chewed coca leaves, containing cocaine, for millennia. And 
evidence from pottery jars in China suggests that people have been 
drinking alcohol since at least 7000 B.C. 

 Nevertheless, drug addiction has become much more of a problem 
in the last 150 years than it ever was before. And one possible 
reason is that about 200 years ago, people began isolating 
the active ingredients that produced the psychological and 
physiological effects associated with these plants. They were 
therefore able to make much more-potent forms of the drugs than 
had ever existed before. 

 For example, in the early 1800s, scientists isolated morphine 
from opium, and a few decades later, they synthesized heroin 
from morphine. In 1859, cocaine was isolated from coca leaves. 
And alcohol had long been produced in more potent forms by the 
process of distillation. 

 Some of these developments actually represented major medical 

drugs that were much more effective than anything they had before. 
For example, morphine provided very effective pain relief for 
soldiers injured in the Civil War. In fact, morphine is still the gold-
standard painkiller in medicine today. 

 
1800s, they were completely unregulated. They were sold as miracle 
cures by traveling salesmen and could be purchased from catalogs 
through the mail. Morphine-based syrups were often used to treat 
teething pain in infants, heroin was sold as a cough suppressant, 
and cocaine was used as a core ingredient in a popular elixir. 
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 In the early 20th

began in the United States. In 1906, Theodore Roosevelt signed 

drugs and food. Although drugs like cocaine and heroin could still 
be sold as ingredients in products, the law required truth in labeling. 
Products containing these kinds of drugs had to be labeled as such. 
And improperly labeled products could be seized and destroyed at 
the manufacturer’s expense. 

 In 1914, the Harrison Narcotics Tax Act required anyone selling 
or giving away products containing substantial doses of cocaine or 
opium to register with what we 
would call today the Internal 
Revenue Service. It also made 
opium itself available only  
by prescription. 

 And then came Prohibition. In 
1917, the U.S. Senate proposed 
the 18th Amendment to the 
Constitution, which banned the 
sale and production of alcoholic 
drinks. The amendment was 

effect on January 17, 1920. 
But Prohibition was extremely 
controversial, and a huge number of people continued drinking in 
spite of the law. And in 1933, the 18th Amendment became the only 
constitutional amendment ever to be repealed. 

 In 1934, the Uniform State Narcotics Act brought the ever-growing 
number of state laws restricting narcotics into alignment. It also 
included measures to strengthen their enforcement, although that 
remained the responsibility of the states. 

With the controversial 
Prohibition movement came the 
18th Amendment, which banned 
the production and sale of 
alcoholic beverages.



8

Le
ct

ur
e 

1:
 A

dd
ic

tio
n 

10
1

 The 1960s saw a revolution in social norms and the rise of a new 
antiestablishment counterculture in the United States. This was 
the era of the hippie movement, psychedelic rock, and the sexual 

the free use of recreational drugs, particularly marijuana, LSD, and 
psychedelic mushrooms. 

 In the early 1970s, President Richard Nixon signed into law the 
Controlled Substances Act, which was part of an attempt to create 

banned outright, and it created two federal agencies—the Food and 
Drug Administration and the Drug Enforcement Administration—
to implement these regulations. It was at this point that the United 

 And that war rages on, although with roughly 80 million addicts 
in the United States alone, it appears that we’re losing. And 
the consequences are quite grave—economically, medically,  
and personally. 

Societal and Personal Impacts of Drug Addiction 
 Consider the economic impact that drug addiction has in the United 

States, for example. 
 The National Institute on Drug Abuse estimates that the abuse 

of tobacco, alcohol, and illicit drugs costs the United States 
about 600 billion dollars per year in costs related to crime, lost 
work productivity, and health care. 

 In terms of overall costs, alcohol abuse is the worst offender. 
It’s estimated to cost about 235 billion dollars per year, which 
includes increased costs of health care due to the treatment of 

damage due to crimes and automobile crashes, among many 
other consequences. 
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 The abuse of tobacco and illicit drugs are each estimated to 
cost nearly 200 billion dollars per year. For tobacco, about half 
of that cost is due to the substantial price of health care for 
tobacco-related illnesses. For illicit drugs, a large proportion 
of the cost is related to crime and the criminal justice system. 

 And, of course, those are just the economic costs. The costs in terms 
of human lives are much more tragic. For example, smoking-related 
illnesses are estimated to kill over 5 million people worldwide each 
year. Alcohol is involved in about half of all highway deaths, and 
the number of deaths due to drug overdose now exceeds the number 
of vehicle-related deaths in 29 states. 

 Furthermore, about a quarter of intravenous drug users in the United 
States are infected with the AIDS virus, typically due to sharing 

incidence of other sexually transmitted diseases, such as syphilis 
and gonorrhea. 

 More personally, most of us know people whose lives have been 
touched by an addiction. Or maybe you are struggling with an 
addiction that you just haven’t been able to kick. The truth is that 
addiction touches virtually all of us, directly or indirectly. 

Conyers, Addict in the Family. 

Escohotado, A Brief History of Drugs. 

Johnson, ed., Addiction Medicine. 

National Institute on Drug Abuse, Drugs, Brains, and Behavior. 

Research Triangle Institute, “National Survey on Drug Use and Health.” 

Sheff, Clean. 

Suggested Reading
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1. What are the major characteristics of addiction? 

2. What are some of the major milestones in the history of U.S. drug 
policy? 

3. Why do you think addiction is so much more of a problem today than it 
was 200 years ago? 

Questions to Consider
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The Psychology and Neuroscience of Reward
Lecture 2

How do we learn from experiencing rewards or pleasures, and 
how does that experience reinforce the behaviors that led to that 
reward? This lecture will approach this question from two angles. 

First, you will learn about the psychology of reward processing, starting 
with Pavlov’s famous dogs. Then, you will learn about the neuroscience 
of reward processing, along with some controversial experiments that 
attempted to locate the brain’s pleasure centers. As you will discover, 
these two lines of research have recently converged in remarkable ways to 
provide new insights into the connections between how our minds and our 
brains process rewards. 

The Psychology of Reward Processing 
 Ivan Pavlov’s study on classical conditioning in dogs is a famous 

experiment. Pavlov had developed an experimental setup in which 
he could collect saliva directly from the salivary glands of dogs 
when they smelled or saw food. But Pavlov noticed something 
unusual when he measured the output of saliva: The dogs were 
salivating as soon as he or his assistants entered the room, even 
though the dogs couldn’t see or smell any food yet. Pavlov became 
interested in this phenomenon and began studying it directly. 

 For example, he tried ringing a bell before the food was presented. 

consistently rang the bell before the food was presented, then pretty 
soon the dogs would associate that bell with food. Then, he could 
just ring the bell and the dog would salivate even if there wasn’t 
any food present. This is the phenomenon of classical conditioning. 

 One early explanation of Pavlov’s conditioning results was based 
simply on co-occurrence: Maybe what’s happening is that the bell 
and the food co-occur in time, and whenever stimuli co-occur like 
that, they become associated. Furthermore, the more frequently 
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they’re presented together, the stronger the association becomes. 
Sure enough, Pavlov found that if you present the bell with the food 
more frequently, then the association does become stronger. 

 Subsequent experiments posed problems for this simple co-
occurrence explanation, however. Suppose that you’ve conditioned 
a dog to strongly associate a bell with food. But now imagine that 
you start presenting another stimulus at the same time as the bell, 
such as making a salute—and only then do you present the dog with 
food. And you do this every time: Ring the bell, make a salute, and 
then give the dog food. 

 Will the salute become 
associated with the food, 

enough training, will the 
act of saluting lead to 
salivation even without 
the sound of the bell? 
A simple co-occurrence 
explanation would predict 
that it would. But it turns 
out that this prediction  
is wrong. 

 Once the dogs learned 
a strong association 
between the bell and the 
food, other stimuli that 
occurred with the bell did 
not become associated 
with the food. Saluting did 
not lead to salivation if the bell was missing. This phenomenon is 
referred to as blocking, and simple co-occurrence theories have a 
hard time explaining it. 

Pavlov found that he could condition 
dogs to salivate by consistently ringing 
a bell before presenting them with food.
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 So, if a co-occurrence explanation is wrong, then what is going on? 
In 1972, psychologists Robert Rescorla and Allan Wagner proposed 

of psychology. Their so-called Rescorla-Wagner model was based 
on the idea that learning isn’t based on co-occurrence but instead on 
prediction error. 

 The idea of prediction error is that if you can already predict that the 
food is coming, then there’s no real reason to change. You already 
know what you need to know, so there’s not really an opportunity 
to learn something new. On the other hand, if the food shows up 
when you weren’t predicting it—in other words, if you’ve made a 
prediction error—then that’s a situation where you really want to 
learn so that you can make better predictions in the future. 

 In the Rescorla-Wagner model, when an unexpected reward like 
food shows up, the stimuli that were present before its arrival 
begin to become more strongly associated with that reward. For 

dogs probably weren’t expecting it, so the association between the 
bell and the food is strengthened. But pretty soon, the dogs have 
developed a strong association between the bell and the food; they 
know what’s coming. So, there’s no need to change the association 
anymore because their prediction is accurate. 

 Consider what the model would predict in the situation that led 
to blocking. The dogs had already been conditioned to expect the 
food after hearing the bell, but now an additional stimulus, such as 
a salute, gets paired with the bell. But the dogs are still predicting 
that the food will appear after the bell, and that prediction is 
accurate. So, there isn’t any prediction error, and there’s no need 
for additional learning. As a result, they don’t learn an association 
between saluting and food. That association is blocked. 

 Learning from prediction error plays a major role in modern 
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reward. In most situations, a sequence of multiple events precedes 
a reward. For example, the reward of winning chess or checkers 
requires a long sequence of actions that slowly move you closer to 
the goal. 

 If you’re learning chess and you stumble upon a sequence of 
moves that leads to an unexpected victory, the unexpected success 

action that led to that success will be reinforced. Furthermore, 
that prediction error can also be backed up and associated with 

And now those actions can also be reinforced more than they  
already were. 

 This is still prediction error learning, but it’s prediction error 
learning over time, which is sometimes called temporal difference 
learning. Prediction error learning has now been used by 

 
complex behaviors. 

The Neuroscience of Reward Processing 
 In the 1950s, Robert Heath performed some controversial 

experiments on psychiatric patients. Heath implanted electrodes 
in their brains, and the electrodes were connected to a box with 
buttons that would stimulate particular regions of the patient’s 
brain. The patients could actually stimulate their own brains by 
pressing a button. 

 When the electrodes were implanted in a deep midline part of the 
brain called the septal region, the patients reported feeling pleasure 
and even excitement whenever the electrode was stimulated. In 
fact, they would repeatedly press the button more than 1,000 times 
and even complained when the box was taken away, asking for just 
a few more button presses. Stimulating the septal region also has 
been found to be chosen over sleep, taking care of children, and 
sex. This sounds a lot like addiction. 
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 Brain structures in and near the septal region are part of a neural 
circuit that plays a crucial role in processing reward and in 
motivating us to pursue reward. In addition to playing a central role 
in motivating normal behaviors like eating, the brain’s reward circuit 
also plays a crucial role in the pathological behavior of addiction. 

 There are three main components of the brain that are involved in 
processing reward: the nucleus accumbens, the prefrontal cortex, 
and the ventral tegmental area. 

 The nucleus accumbens is often referred to as the brain’s pleasure 
center. This is one of the regions that both humans and rats 
repeatedly stimulate to the exclusion of everything else in self-
stimulation studies. It’s located above and just behind your sinuses, 
near the midline of the brain. This region has been associated with a 
wide range of pleasures. 

 The second major brain area involved in processing reward is the 
prefrontal cortex. The cerebral cortex, the gray matter on the outside 
of the brain, is often divided into four lobes: the occipital lobe at the 
back of the brain, the temporal lobe behind the ears, the parietal lobe 
at the top of the brain, and the frontal lobe at the front of the brain. 
The front part of the frontal lobe is called the prefrontal cortex, and 
it plays a central role in processing reward and controlling addictive 
behavior. It is often described as the CEO of the brain, because it 
sets goals and makes sure that they are accomplished. 

 The third major brain region involved in processing reward is the 
ventral tegmental area (VTA), which is in the midbrain, at the top 
of the brain stem—the most primitive part of the brain. The VTA 
is located very near the middle of the head just slightly above the 
ears, a few inches behind and a little below the nucleus accumbens. 
Brain cells in the VTA project to both the nucleus accumbens and 

self-control. But what’s most interesting about these cells is when 
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 Wolfram Schultz and his colleagues performed some of the most 

Switzerland. They implanted electrodes in the VTA of monkeys 
so that they could record neural activity while the monkey was 
performing different tasks. Schultz proposed that activity in the 

means that there has been a reward prediction error. 

 Prediction error is what the Rescorla-Wagner model used to signal 
a need for new learning. So, there is a convergence between the 
psychology of reward processing and the neuroscience of reward 
processing. But the convergence goes even further than that. In 
addition to learning based on prediction errors, temporal difference 
learning backs up that prediction error to previous stimuli or 
actions. And that’s exactly what Schultz observed in VTA neurons. 

 So, there is a very close correspondence between the temporal 
difference algorithm and the activity of neurons in the VTA. And 

learning is extremely general, powerful, and effective, so it makes 
sense that the brain would be using a very similar approach. 

 This convergence of the brain evidence with the psychological 
evidence has led many neuroscientists to conclude that prediction 

may be one of the fundamental mechanisms of learning in the 
brain. Furthermore, this type of reinforcement learning from 
prediction error is now widely believed to play a central role in the 
neuroscience of addiction. 

Kringelbach and Berridge, “The Joyful Mind.” 

Nolte, The Human Brain. 

Powell, Honey, and Symbaluk, Introduction to Learning and Behavior. 

Suggested Reading
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Schultz, Dayan, and Montague, “A Neural Substrate of Prediction and 
Reward.” 

Sutton and Barto, Reinforcement Learning. 

1. How did the Rescorla-Wagner model differ from co-occurrence theories 
of classical conditioning? 

2. What advance did temporal difference learning make relative to basic 
prediction error learning? 

3. How would you describe the function of the nucleus accumbens, the 
prefrontal cortex, and the ventral tegmental area in motivated behavior? 

Questions to Consider
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How Addiction Hijacks the Brain
Lecture 3

In this lecture, you will learn about what is going on in the brain’s reward 
system following chronic drug use and how that can lead to addiction. 
Along the way, you will link what you have learned so far about 

addiction with what you have learned so far about the brain. In addition, 
you will learn how behavioral symptoms such as tolerance, withdrawal, and 
dependence develop as a result of changes that occur in the brain. 

Numbed Pleasure Response 
 What does repeated use of addictive drugs like cocaine and 

alcohol do to the brain that makes them addictive? How does 
the brain change? There are three major changes that contribute 
to addiction: Repeated overstimulation of the brain’s reward 
circuit numbs the response in the brain’s pleasure center, the 
nucleus accumbens; repeated overstimulation also strengthens 
associations with addiction-related cues, which increases cravings; 
and it weakens inhibition from the prefrontal cortex, which  
undermines self-control. 

 

the brain’s attempt to compensate for repeated overstimulation of 
the reward circuit and that it does so by inhibiting the stimulation 
of the nucleus accumbens, thereby numbing the pleasure response. 

 The nucleus accumbens is often considered to be the pleasure 
center of the brain. It’s associated with liking, or enjoyment. 
Direct stimulation of this area is so pleasurable that both rats and 
humans will self-stimulate it over and over for hours if given  
the opportunity. 
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 Addictive drugs stimulate the nucleus accumbens much more 
directly than normal, everyday rewards do, producing the extremely 
rewarding high associated with these drugs. Addictive drugs 
overstimulate the nucleus accumbens, meaning that they produce 
activity levels that are well beyond the normal range. If this kind of 
overstimulation happens a lot, it can eventually lead to a numbed 
pleasure response, because the nucleus accumbens will begin to 
inhibit the brain regions that are stimulating it. 

 The body has mechanisms that maintain an internal equilibrium. 
This is called homeostasis. If the nucleus accumbens is repeatedly 
overstimulated, it will turn down the stimulation that it’s receiving. 
It does this by producing a molecule called CREB, which triggers 
the production of dynorphin, which inhibits the stimulation of the 
nucleus accumbens. 

 In a drug addict who is repeatedly overstimulating the nucleus 
accumbens with his or her drug of choice, the dynorphin will 
keep turning down the stimulation, and over time, the addict will 
feel less pleasure from the drug. The high won’t be as rewarding. 
And the addict will require more and more stimulation to get the 
same level of reward. Eventually, the addict needs to take the drug 
just to feel normal. This is what is meant by a numbing of the  
pleasure response. 

 The nucleus accumbens is becoming less sensitive to all types of 
stimulation, not just stimulation from addictive drugs. Everyday 
pleasures, such as seeing a friend or reading a book, might also 
feel numb. They won’t provide the same level of pleasure they 
once did. In fact, because everyday pleasures don’t activate the 
nucleus accumbens as directly or as strongly as drugs do, addicts 
can eventually reach a point where the drug is the only way they 
can feel good. 
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Strengthened Associations between Drug Taking and Drug-Related Cues 
 The second major brain change that contributes to addiction 

is the strengthening of associations between drug taking and 
drug-related cues, resulting in increased craving. Addiction is 
characterized by very strong cravings and by compulsive use 
despite negative consequences. 

 Where do these overwhelming cravings come from? First, it’s 
important to note that craving or wanting is different from liking. 
This distinction is often particularly clear in drug addicts. Liking 
occurs in the nucleus accumbens, and the nucleus accumbens is 
getting numb. As this process occurs, how much drug addicts like 
the drugs declines over time. But how much they want the drugs 
doesn’t. In fact, drug cravings tend to increase even though the 
pleasure derived from the drug is declining. 

 If activity in the nucleus accumbens is associated with liking, 
what’s the neural basis of wanting or craving? To answer that 
question, we need to turn to the ventral tegmental area (VTA) of 
the brain. Activity in the VTA is associated with reward prediction 

Addiction is characterized by very strong cravings and by compulsive use 
despite negative consequences.
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called dopamine, which plays a central role in addiction. In 
fact, dopamine is so important that it’s been called the addiction 
molecule. Studies have repeatedly found that all drugs of abuse lead 

seems to play a role in every addiction that’s been studied, whether 
it’s addiction to alcohol, cocaine, cigarettes, or even gambling. 

 For a long time, scientists assumed that dopamine was associated 
with pleasure and liking, but recent evidence has suggested that 
that view is wrong. Evidence comes from patients with Parkinson’s 
disease, which is associated with damage to cells in the midbrain 
that produce dopamine. Parkinson’s patients have abnormally low 
levels of dopamine, and because dopamine also plays a major role 
in motor control, Parkinson’s patients typically exhibit movement-
related problems. 

 But even though these patients have low levels of dopamine and 
associated motor problems, they still experience normal levels of 
pleasure. So, it appears that dopamine is not about pleasure or liking. 
Many scientists now believe that dopamine release is associated 
with wanting or craving, rather than liking. This kind of wanting or 
craving is an impulsive urge, not a thoughtful long-term goal. 

 Kent Berridge and Terry Robinson at the University of Michigan refer 
to this kind of craving as incentive salience. That is, the incentive—
or the motivation, or the wanting—becomes particularly salient and 
strong, and the dopamine signal conveys that strong incentive. 

 The most compelling evidence that dopamine is associated with 
incentive salience, or this primitive kind of wanting, comes from 
studies with mice that have been genetically engineered to have 
abnormally high levels of dopamine. These dopamine-rich mice 
exhibit signs of very strong craving. For example, they move much 
more quickly toward rewarding stimuli like food than normal mice 
do. However, once they get the reward, they don’t seem to enjoy it 
any more than the other mice, judging from their facial expressions. 
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 Even more interesting is the behavior of animals that have been 
genetically engineered not to produce dopamine. These animals 
don’t show any motivation to try to obtain food or other rewards. In 
fact, they’ll starve to death rather than taking the trouble to walk to 
the food. They actually have to be nursed in order to eat. But even 
though they don’t show any signs of wanting the food, if the food is 
fed to them, they show all the normal facial expressions associated 
with liking the food. 

 How does dopamine contribute to addiction? Repeated use of 
addictive drugs leads to changes in the dopamine system that 
contribute to addiction. There are at least two changes in the 

is what Robinson and Berridge call incentive sensitization, and the 
second change is related to dopamine’s effect on associative learning. 

 Robinson and Berridge proposed that with repeated use of addictive 
drugs, the brain’s dopamine system becomes sensitized—that is, 
it becomes even more sensitive and easier to activate than it was 
before. Sensitization is kind of the opposite of tolerance. So, with 
repeated use of addictive drugs, the dopamine system responds 
more and more strongly. 

 Dopamine is associated with craving or wanting. As the dopamine 
system becomes more and more sensitized, the cravings are 

trying an addictive drug, the user might feel some urge to do it 
again, but those urges may not be particularly strong, and they can 
be resisted. But with repeated use, the dopamine system becomes 
sensitized, so the cravings become stronger and stronger, and pretty 
soon the urges are so strong that they’re virtually irresistible. 

 The other change involves dopamine’s effect on associative 
learning. Recall that the Rescorla-Wagner model of classical 
conditioning is based on learning from prediction errors. Likewise, 

is based on reward prediction errors. 
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 Many scientists believe that dopamine is that reward prediction error. 
And, as such, it triggers learning just like prediction errors trigger 
learning in the Rescorla-Wagner model and the temporal difference 
algorithm. Essentially, when dopamine is released, it means that an 
unexpected reward has arrived, or soon will arrive. And that means 
that we should pay attention and learn so that we’ll be able to predict 
when such rewards might show up again in the future. 

 This makes a lot of sense and normally works really well. The 
release of dopamine signals that something important has happened, 
which leads to learning. Addictive drugs also trigger the release 
of dopamine, so they trigger learning, too. In fact, they trigger 
larger-than-normal releases of dopamine and therefore produce 
particularly strong learning. Unfortunately, what gets learned is 
more harmful than helpful. 

 In any addict—whether the addiction is to alcohol, cocaine, 
nicotine, or any other addictive substance—certain environmental 
cues become very strongly associated with the use of the drug and 
turn into triggers that lead to craving and continued use. 

Reduced Self-Control 
 The third type of brain change that happens in addiction is reduced 

self-control as a result of weaker inhibitory control from the 
prefrontal cortex. The prefrontal cortex plays an important role in 
inhibiting undesirable behavior and in exerting self-control. 

 While the reward circuit is mainly about processing primitive urges, 
the prefrontal cortex is the thinking part of the brain that can consider 
future consequences and make rational decisions about what actions 
we should take, not just what actions we feel like taking. 

 And the prefrontal cortex plays a major role in inhibiting behavior 
suggested by the more primitive reward circuit, whenever we decide 
that that behavior wouldn’t be appropriate. Unfortunately, chronic 
use of addictive drugs can lead to abnormalities in the prefrontal 
cortex that undermine our ability to exhibit this kind of self-control. 
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 For example, studies with rats have found that using cocaine for 
a month changes the structure of prefrontal neurons. In particular, 
the dendrites of the neurons (which receive inputs to the neuron) 
were misshapen in those animals compared with control animals. 
Likewise, neuroimaging studies in humans have found reduced 
activity in prefrontal cortex in chronic drug users compared with 
controls. In fact, even the volume of prefrontal cortex is reduced in 
drug addicts. 

 Drug addicts also exhibit many of the same cognitive impairments 
that patients with damage to the prefrontal cortex exhibit. For 
example, prefrontal patients typically perform poorly on tasks of 
working memory and decision making, as well as on tasks that 
require sustained attention. And chronic drug users have been found 
to exhibit these same cognitive impairments. 

 There is now quite a bit of evidence that chronic drug use impairs 
prefrontal cortex function. The problem is that the prefrontal cortex 
is the logical, rational circuit that understands consequences and 
that inhibits inappropriate behavior, but with repeated drug use, it 
doesn’t work as well as it normally does and therefore has a hard 
time overcoming the increasingly powerful urges coming from the 
reward circuit. Essentially, the drug addict’s ability to exhibit self-
control and override drug craving becomes weaker and weaker. 

 

Erickson, The Science of Addiction. 

Everitt and Robbins. “Neural Systems of Reinforcement for Drug Addiction.” 

Nestler and Malenka, “The Addicted Brain.” 

Redish, The Mind within the Brain. 

 

Suggested Reading
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1. How would you characterize the positive and negative reinforcement 
models of addiction? 

2. What are some of the major neural changes that occur with chronic drug 
use that contribute to addiction? 

3. Based on what you’ve learned, do you think that addiction is a disease, 
a moral failure, or both? 

Questions to Consider
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Genetics—Born to Be an Addict?
Lecture 4

Why do some people get addicted while others don’t? Can our 
genetic makeup make us more susceptible to addiction? And if 
so, how? These are the kinds of questions that will be addressed 

in this lecture. In this lecture, you will be introduced to what genes are, and 
you will learn about how geneticists have searched for genes that contribute 
to addiction susceptibility. You also will learn what geneticists have learned 
about what these susceptibility genes do, by analyzing studies using 
genetically engineered mice. 

The Genetics of Addiction 
 Studies have shown that certain people are innately more susceptible 

how susceptible we are to addiction. However, it’s important to 
remember that just because someone is genetically susceptible to 
addiction, that doesn’t necessarily mean that he or she will become 
an addict. It just means that he or she is at risk. 

 Which genes make someone more susceptible to addiction, and how 

chromosomes in the nucleus of cells. Each chromosome is a molecule 
of DNA, which is wrapped tightly into a sequence of bundles, and 
each of those DNA molecules is long. In fact, if you uncoiled the 
DNA in just one of your cells it would be about 6 feet long. 

 The rungs on the ladder of DNA are made of molecules called 
nucleotide bases that are arranged in pairs. There’s a lot of genetic 
information encoded in your 6 feet of DNA. There are often over 
100 million rungs on the ladder in just one chromosome. And with 
23 pairs of chromosomes, there are well over 3 billion rungs in total 
in each cell. 
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 Genes are small sections of each of these ladders, ranging in length 
from a few hundred nucleotide base rungs to well over a million. 
We all have over 20,000 genes, and each of them encodes the 
information needed to make a few of the hundreds of thousands 
of proteins that do a lot of the biological work in your body. And 
exactly which proteins get made is what makes you who you are: 
Your height, your natural hair and eye color, your skin color, and 

the proteins encoded by your genes. 

 The two chromosomes in each pair contain the same genes in 
exactly the same places, but they might be different versions of 
those genes. The version of a gene in one chromosome comes from 
your mother, and the version of the gene in the paired chromosome 
comes from your father. Each version of a gene is called an allele. 

 You might inherit one allele of a gene from your mother that gives 
you a lot of freckles, but the same gene from your father on the 
other chromosome might be an allele that is not associated with 
freckles. Whether you have a lot of freckles or not would then 
depend on whether one of the versions is dominant. 

 So, we inherit two versions of each gene from our parents, 

susceptibility to addiction. In particular, some gene variants, or 
alleles, might increase susceptibility while others might decrease 

6-foot-long, 3-billion-rung ladder of DNA? 

 
to narrow down the search using a technique called linkage analysis. 
The key idea behind linkage analysis is that geneticists know that if 
one part of the DNA ladder gets passed down to a child, then nearby 
parts are also likely to get passed down from that same ladder. That 
is, nearby parts of a DNA ladder are likely to be linked and passed 
down together. 
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 How can we use this fact about linkage to narrow down the search 
for genes related to an addiction? We can start with a whole bunch 
of genetic markers whose location we already know. Think of 
choosing 400 rungs of the DNA ladders that are spread out over all 
the chromosomes. Suppose that one of those markers is linked with 
an addiction gene, meaning that the two almost always get inherited 
together. Then, we can infer that the addiction gene we’re looking 
for must be close to that marker. 

 To do this, geneticists analyze DNA samples from people in large, 
extended families that contain many addicts. Then, they look for 
genetic markers that get inherited with the addiction. When they 

linked genetic marker. Once they’ve found a promising area on a 

in that region that is associated with the addiction. 

 
region and that differ in different individuals. It turns out that the 
vast majority of the rungs on the human DNA ladder are the same 
in everyone. In fact, if you compared the DNA of any two normal 

 
the same. 

 So, the rungs that differ account for a lot of the variability we see 
among different human beings. Those rungs that vary are called 
polymorphisms. Furthermore, because the rungs are made of 
nucleotide bases, the individual rungs that differ across different 
people are typically called single nucleotide polymorphisms 
(SNPs), which play a big role in genetic association studies. 

 Association studies of addiction analyze genetic data from 
thousands of people, some of whom are addicts and some of whom 
are not. And they look at what form of a target SNP each person 
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frequently in the addicts than it does in the nonaddicts, then that 
SNP is said to be associated with the addiction, and a gene near that 
SNP is likely involved. 

 In recent years, techniques have been developed that make it 
possible to analyze huge numbers of SNPs simultaneously. In fact, 
geneticists can now analyze SNPs covering the entire genome—that 
is, all the DNA in all the chromosomes. This kind of genome-wide 

contribute to addiction even without a prior linkage analysis. 

 By now, dozens of linkage and association studies have been 
done to investigate the genetics of addiction and to identify genes 

have shown two general things. First, there is no single addiction 
gene. Second, the same 
genes contribute to many 
different addictions. 

 So, there may actually 

the idea of an addictive 
personality—that is, of 
a person who is at risk 
of getting hooked on 
any kind of addictive 
substance or behavior. 

explain why so many 
addicts have multiple addictions—for example, to both alcohol and 
nicotine. And they may shed light on why some people get addicted 

even involve consuming an addictive substance. 

 

idea of an addictive personality.
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is, then, and only then, they can begin to study what it does. And 
understanding what a gene does can provide insight as to why some 
people are more susceptible to addiction than others. 

Genetic Engineering to Study Addiction 
 

mice to answer this question, as well. In fact, they often genetically 
engineer mice to answer this question. Genetic engineering refers 
to intentionally changing or engineering some aspect of the DNA 
of an organism. 

 One very powerful technique is knocking out the operation of a 
particular gene in a set of mice and then observing their behavior 
compared with normal mice. Differences in the behavior of these 
so-called knockout mice can often shed light on the function of the 
target gene. 

 One particularly powerful example comes from studying the 
genetics of nicotine addiction and the role of a chemical called 
acetylcholine, which is a neurotransmitter that some brain cells 
use to communicate with each other. When a brain cell releases 
acetylcholine, the acetylcholine can attach to special molecules 
called acetylcholine receptors on other brain cells, which could lead 
those cells to become active. 

 Nicotine can also attach to these receptors and can therefore 
mimic the effects of acetylcholine. In fact, because these receptors 
respond to nicotine, they’re typically called nicotinic acetylcholine 
receptors. These receptors, like most complex biological 
structures, are made up of proteins, which are made by genes. And 
it turns out that some of the genes that linkage and association 
studies found were associated with addiction to cigarettes were 
actually genes that encoded the proteins that make up nicotinic 
acetylcholine receptors. 
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of these genes make the receptors more responsive to nicotine and 
therefore increase susceptibility to nicotine addiction, while other 
versions of these genes make the receptors less responsive and 
decrease susceptibility. 

 To test this idea, they genetically engineered mice that lacked these 
genes entirely. They found that normal mice will self-administer 
nicotine and show many of the behavioral symptoms of nicotine 
addiction, but these genetically engineered mice did not. 

 Recall that all addictive substances lead to increased levels of 
dopamine in the limbic system, which may be associated with 
wanting or craving. Nicotine does the same thing—or at least it 
does in normal mice. However, the genetically engineered mice did 
not show an increase in dopamine when nicotine was administered. 
It’s as if the genetically engineered mice were no longer susceptible 
to nicotine addiction. 

 Many other knockout studies of addiction have been performed, 
and they’ve taught us a lot about how different genes contribute 
to addiction. For example, knocking out one gene produces mice 
that are less sensitive to painkillers, such as morphine, compared 
with normal mice. Knocking out another gene leads to mice that 
are unusually attracted to cocaine. Still other knockout mice are 
less likely to develop morphine dependence. And others are more 
sensitive to the effects of alcohol. 

 
the hope of new and better treatments for addiction. Every time a 

a potential target for a biologically based treatment. For example, 
once we understand how a genetic variant increases addiction 
risk, we could potentially design treatments to counteract those 
effects. Likewise, if a genetic variant is found that is protective 
and decreases risk, we could design treatments that mimic and 
strengthen that effect. 
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might be susceptible to alcohol addiction for very different reasons. 
The most effective treatment could be different for these different 

might be able to design a treatment program that is personalized 

 

Crabbe, “Genetic Contributions to Addiction.” 

Genetic Science Learning Center, The University of Utah, “The New Science 
of Addiction.” 

Li and Burmeister, “New Insights into the Genetics of Addiction.” 

Ridley, The Agile Gene. 

 

1. What is some of the evidence that certain people are innately more 
susceptible to addiction than others? 

2. 
susceptibility? 

3. 
idea that drug users have free will? 

Suggested Reading

Questions to Consider
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Your Brain on Drugs
Lecture 5

In this lecture, you will learn about how drugs affect the brain. First, you 
will learn about the psychological effects of psychoactive drugs. How 
can chemicals make us feel relaxed, or elevate our mood, or increase our 

focus? Second, what determines the strength of a drug’s effects? Finally, you 
will learn about how we can become dependent on drugs. In general, this 
lecture will give you a basic understanding of how psychoactive drugs work 
and produce their effects. 

The Psychological Effects of Psychoactive Drugs 
 Neurons typically communicate using chemicals called 

neurotransmitters, examples of which are dopamine, serotonin, and 
acetylcholine. This communication takes place in the very small 
spaces, called synapses, between neurons. 

 When a brain cell is activated, it generates an electrical potential 
that travels down the neuron to the synapses between it and 
neighboring neurons. When the electrical potential reaches the 
synapses, it causes the cell to release a bunch of neurotransmitter 
molecules. These molecules then move across the synapses, and 
they may come into contact with neighboring neurons, perhaps 

signal can travel from neuron to neuron through a brain circuit. 

 
receptor molecules on the surface of the next neuron. Receptors are 
like small machines in the cell. When they’re turned on, they can 

on at the same time, that can trigger the neuron to become active 
and release its own neurotransmitters in downstream synapses. 
Some receptors are also inhibitory, and if they get turned on, they 
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 When a neurotransmitter binds to a receptor, it’s like a key being 

will only bind to them. Dopamine binds to dopamine receptors, 
serotonin binds to serotonin receptors, and so on. 

 How do psychoactive drugs produce psychological effects? 
One way they do so is by binding to and turning on the same 
receptors that natural neurotransmitters do. So, in a very real sense, 
psychoactive drugs imitate natural brain chemicals. 

 But why do they produce different effects than the natural 
neurotransmitters themselves? One reason is that psychoactive 
drugs may activate the receptors more or less strongly than the 
natural neurotransmitters do. Even though the receptors are doing 
what they normally do, the level of activity may be abnormal, and 
that can lead to observable psychological effects. 

The Strength of a Drug’s Effects 
 What determines the strength of a drug’s psychological effects? 

One very important factor is how much of the drug actually gets 
to the brain—for example, how much of the drug gets into the 
bloodstream, how much is metabolized and converted to something 

devoted to these issues. 

 What happens after the drug reaches the brain, and how can that 
affect a drug’s strength? The law of mass action is a very general 
chemical principle, but in this context, it basically means that the 
more molecules there are in a synapse, the more receptors will  
be active. 

 When a neurotransmitter or a psychoactive drug binds to a 
receptor, it doesn’t stay there forever. Rather, most molecules bind 
reversibly—that is, they bind for an instant; turn on the receptor; 
and then unbind, or dissociate, from the receptor, turning the 
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receptor off. Then, another neurotransmitter molecule might come 
along and bind to that receptor and turn it on for a moment again, 
before it, too, dissociates. And this same process happens over and 
over again. This process is random, or stochastic. 

 If there are many neurotransmitter molecules, or drug molecules, 
in the synapse, then there’s a high probability that one of them will 
run into a receptor and turn it on. And even after that molecule 
dissociates from the receptor, another molecule is likely to run into 
that receptor and turn it on right away. 

 The more neurotransmitter, or drug, molecules you have in the 
synapse, the more receptors will be turned on. That’s also why 
larger drug doses have larger effects. Larger doses mean more drug 
molecules in the synapses, and the more molecules in the synapses, 
the larger the effect. 

 But that’s only true up to a point. As you add more and more of the 
drug, you eventually reach a point where virtually all the receptors 
are bound by drug molecules: As soon as one molecule dissociates 
from a receptor, there’s another molecule there to immediately 
take its place. At that point, adding more of the drug can no longer 
increase the drug’s effect, because all the receptors are already 
active all the time. 

 This relationship between the dose of a drug and the response to 
the drug can be represented graphically in what’s called a dose-
response curve. The overall dose-response curve is S-shaped, or 
what’s sometimes called a sigmoid curve. 

 Why do some drugs have stronger effects than others? One key 

receptors. Recall the lock-and-key analogy. Imagine a key that is 
sticky and that you have to jiggle to get out of the lock, versus a key 
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dissociate as quickly but, rather, stays bound to the receptors 
longer and keeps them active. On the other hand, a molecule that 

very quickly. 

 

of response. 

 

why is the maximum possible level of pain relief so much higher 
for morphine than it is for aspirin? 

 
act in different ways. For example, if two drugs bind to different 
types of receptors, and one of those receptors is more related to pain 
relief than the other one, then it wouldn’t be surprising if the drugs 
differ in how much pain relief they can provide. 

 But even if two drugs bind to the same type of receptor, they could 

degrees. The degree to which a molecule drives a receptor is referred 
as its intrinsic activity, and it can differ for different molecules. And 
differences in intrinsic activity lead to differences in the maximum 
effect that a drug can have. 

 A drug with high intrinsic activity produces a strong response from 
the receptor, whereas a drug with low intrinsic activity produces a 
weak response, even though it’s bound to the same receptor. Those 
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possible effect, for the two drugs would be quite different. 

 Why do some drugs have stronger psychological effects than 
others? One important reason is because different drugs differ 

that you need less of the drug to produce an effect. And drugs that 

they produce a larger maximum effect. 

 Understanding how drugs affect the brain can also provide some 
insight into some of the pharmacological treatments that are used to 
treat drug overdose. To understand how these medicines work, it’s 
helpful to distinguish between agonists and antagonists. An agonist 
is a molecule that binds to a receptor and produces high intrinsic 
activity—that is, it drives the receptor strongly. Antagonists, on the 
other hand, bind to the same 
receptors, but they produce 
no intrinsic activity. 

 Antagonists produce their 
effects by blocking the 
action of an agonist, whether 
the agonist is a natural 
neurotransmitter or a drug. 
Antagonists, as well as 
chemicals that serve as partial 
agonists, are used in treating 
drug addicts. 

Drug Dependency 
 

what are some of the neural mechanisms underlying the symptoms 
of tolerance and withdrawal? After repeated drug use, people often 
need more of the drug to get the same effect. That is, they become 

Understanding how drugs affect the 
brain can provide insight into some 
of the pharmacological treatments 
that are used to treat drug overdose.
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tolerant to the effects of the drug. In fact, chronic drug users often 
report not feeling the same high as they used to but that they still 
need to take their drug just to feel normal again. 

 What’s happening is that the body has begun to compensate for 
the presence of the drug. That is, the body has gotten used to the 
drug, and it’s trying to compensate for this abnormal chemical by 

return to normal functioning despite the drug. 

 The body can do this in many ways, and some of these changes 
happen outside the brain. For example, chronic alcoholics produce 
more of the enzyme that breaks down alcohol than nonalcoholics 
do. So, less alcohol will get into the blood and brain than in 
nonalcoholics. As a result, alcoholics become tolerant to alcohol, 
and they need to drink more to have the same effect. 

 But there are also changes that are occurring within the brain itself. 
In particular, over time, the brain will often reduce the number 
of receptors that the drug is binding to. This is called receptor 
downregulation. Essentially, the body is expecting large quantities 
of the drug, and in order to reduce the effect of that drug, it reduces 
the number of receptors that respond to it. 

 The body is trying to maintain a stable level of receptor activity 
by reducing the number of receptors. Naturally, if there are fewer 
receptors, then the same amount of drug will produce a smaller 
effect. So, tolerance develops. 

 Receptor downregulation can also help explain why people 
experience withdrawal or abstinence syndrome. Once someone 
gets used to taking a drug and the number of receptors that the 
drug binds to has been reduced, when the drug is removed, he or 
she tends to experience symptoms that are the opposite of those 
produced by the drug itself. 
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 In a sense, withdrawal symptoms are the mirror image of the 
effects that the drug itself produces. The body has gotten used to 
a large quantity of the drug in the system and has compensated 
by downregulating receptors. When the drug is removed, the 
few remaining receptors are not being activated as much as they 
previously were, so you get the opposite effects of the drug itself. 

 When we talk about dependence on a drug, one of the things we 
mean is that tolerance has developed. That is, there have been 
some physical changes in the body that have led to tolerance to 
the presence of the drug, and now quitting the drug will result in 
withdrawal symptoms. These could be physical symptoms or 
psychological symptoms. 

 

Kranzier, Ciraulo, and Zindel, eds., Clinical Manual of Addiction 
Psychopharmacology. 

Meyer and Quenzer, Psychopharmacology. 

Nestler, Hyman, and Malenka, Molecular Neuropharmacology. 

Snyder, Drugs and the Brain. 

Valenstein, The War of the Soups and the Sparks. 

 

1. How can a lock-and-key analogy be used to explain how psychoactive 
drugs have their effects? 

2. 

3. How can the same dose of a drug produce less and less of an effect 
over time? 

Suggested Reading

Questions to Consider
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Why We Crave Coffee and Cigarettes
Lecture 6

This lecture is about two of the most widely used psychoactive drugs 
in the world: caffeine and nicotine. They are both legal and widely 
available, and billions of people use them on a daily basis. In this 

lecture, you will dive into the details of these two drugs of abuse to learn 
how each works at a neural level. In addition to learning what’s going on in 
the brain, you will learn about the latest treatments that are available. 

Caffeine 
 Caffeine is by far the most-used psychoactive drug in the world. 

Eighty to ninety percent of Americans drink coffee or other 
caffeinated drinks every day. A typical adult consumes 200 to 400 
milligrams of caffeine every day on average. But is the regular 
consumption of caffeine really a problem? 

 Except in severe cases, consuming caffeine on a regular basis 

including reduced risk of Parkinson’s disease and type 2 diabetes. 

increased alertness and improved concentration. 

 But despite these positive effects, caffeine is not a vitamin. It’s a mild 
psychoactive drug that works in ways that are similar to other more 
dangerous psychoactive drugs. And regular use of caffeine can and 
does lead to physical dependence and the associated symptoms of 
tolerance and withdrawal, just like regular use of other drugs does. 

 What does caffeine do to the brain? Caffeine is an adenosine 
receptor antagonist, which means that it binds to the same receptors 
as the brain chemical adenosine, but it doesn’t turn on the receptor. 
It just prevents the adenosine from turning on the receptors. 
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 Adenosine is an inhibitory brain chemical, meaning that it tends to 
reduce neural activity. Furthermore, adenosine levels in the brain 
continuously rise when we’re awake, and then they fall back down 
when we sleep. Many scientists therefore believe that adenosine 
serves an important role in our sleep-wake cycle. 

 Caffeine blocks the effect of adenosine and therefore helps us 
stay awake even if it’s past our normal bedtime. Essentially, the 
caffeine fools the brain into thinking that it hasn’t been awake for 
as long as it has. Consistent with this interpretation, knockout mice 
that lack adenosine receptors don’t show the normal stimulating 
effects of caffeine. 

 While there are quite a few similarities between caffeine and 
other more dangerous psychoactive drugs, there are also some 

very important difference involves the level of stimulation of the 
reward circuit. 

 
repeated overstimulation can produce cravings so strong that they 
lead to unhealthy and even life-threatening behavior. That’s the 
kind of positive reinforcement that is typically associated with 
real addiction. 

 In contrast, caffeine use doesn’t produce that same kind of positive 
reinforcement. Studies have found that caffeine is only weakly 
reinforcing; animals are not obsessed with getting caffeine in the 
same way they are with more dangerous drugs. 

 In fact, scientists believe that people often consume caffeine just to 
avoid the negative withdrawal symptoms of fatigue and irritability, 
not because it stimulates the brain’s reward circuit. That’s more 
of a negative reinforcement situation, in which continued drug 
use is motivated by a desire to avoid unpleasant effects. Positive 
reinforcement is probably a better model of addiction for serious 
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drugs than is negative reinforcement. Another important difference 
between caffeine and other addictive drugs is that chronic caffeine 
use doesn’t typically lead to the severe negative consequences. 

 For these reasons, caffeine is 
not considered to be a drug of 
abuse. Repeated use can, and 
actually does, lead to changes 
in the brain and, ultimately, 
to physical dependence. But 
that use doesn’t typically 

consequences or distress. 
On the contrary, for most 
people, not drinking their 
coffee would lead to negative 
consequences and distress. 

Nicotine 
 Nicotine is another very 

commonly used drug. 
This psychoactive drug 
is also legal and also has 
stimulating effects that bear 
a resemblance to caffeine’s effects. But unlike caffeine, nicotine is 
one of the most addictive substances in the world, and taking it can 
have life-threatening consequences. 

 
nicotine was used as an insecticide by farmers for a number 
of years, but they stopped using it because it was too toxic 
to humans. In fact, 60 milligrams of nicotine is all it takes 
to kill an adult human being. Yet this toxic chemical is also 
extremely addictive at low doses, as the enormous number of  
smokers demonstrates. 

Caffeine and nicotine are two of the 
most widely used psychoactive drugs.
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 Roughly one-third of the world’s adult population smokes tobacco 
on a regular basis, and roughly 80 percent of them started before 

start self-administering nicotine during adolescence, then they 

nicotine in adulthood. 

 Tobacco smoke contains thousands of chemicals other than 
nicotine, and the health consequences of inhaling those chemicals 
on a regular basis are disastrous. For example, cigarette smoke 
contains more than 50 chemicals that are known to cause cancer. 
Cigarette smoke also contains tar, a collection of solid particles that 

Tar is also carcinogenic. 

 Regularly inhaling these chemicals is very bad for you. In fact, 
smoking-related illnesses are estimated to kill more than 5 million 
people every year. In particular, smoking is estimated to be 
responsible for 80 to 90 percent of lung cancer deaths. 

 And for every person who dies, there are approximately 20 other 
smokers who suffer from at least one serious illness associated with 
smoking, such as heart disease or stroke. The life expectancy of 
smokers is more than 10 years shorter than nonsmokers. 

 Most smokers don’t want to smoke, but they’re hooked on the 
nicotine. Approximately 70 to 75 percent of smokers say they’d like 
to quit, and 40 percent of regular smokers try to quit every year. But 
it’s a very tough habit to kick. In fact, fewer than 10 percent of quit 
attempts end up succeeding in the long term. That’s comparable to 
the quit rate for heroin. 

 The behavioral effects of nicotine are relatively mild and are similar 
to those of caffeine. Low doses of nicotine increase arousal and 
can actually improve concentration and enhance performance in 
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attention-demanding tasks, even in nonsmokers. But nicotine can 
also lead to tension and light-headedness. And higher doses can 
produce nausea, sweating, and dizziness. 

 Chronic smokers actually become tolerant to many of these effects 

also exhibit withdrawal symptoms when their nicotine levels 

concentrating. Many scientists believe that the relaxing effect of 

withdrawal symptoms. 

 Like caffeine and other psychoactive drugs, nicotine works by 
binding to receptors used by a normal brain chemical. And in this 
case, the normal brain chemical is the neurotransmitter acetylcholine, 
which is the neurotransmitter that is used to tell our muscles to 
contract and is also associated with arousal, vigilance, and paying 
attention. It also plays an important role in the sleep-wake cycle. 

 Nicotine is an agonist for a class of acetylcholine receptors. Recall 
that an agonist is a chemical that binds to a receptor and strongly 
activates it. Nicotine strongly activates acetylcholine receptors. In 
fact, the receptors that it activates have actually been named after 
nicotine: nicotinic acetylcholine receptors. A number of studies 
have now demonstrated that the way nicotine produces its effects is 
by binding to these nicotinic acetylcholine receptors. 

 Nicotine is binding to the same receptors as acetylcholine and 
putting them in overdrive. And because acetylcholine is associated 
with alertness and vigilance, so is nicotine. But why is nicotine so 
addictive? To answer that question, we need to return to the brain’s 
reward circuit. Recall that one very important region in the brain’s 
reward circuit is the ventral tegmental area (VTA). Neurons in the 
VTA communicate using the neurotransmitter dopamine, referred to 
as the addiction molecule of the brain. More dopamine is associated 
with more incentive salience, or more wanting or craving. 
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 Nicotine binds to the acetylcholine receptors on the VTA dopamine 
neurons and puts them into overdrive, overstimulating the reward 

they release unusually large quantities of dopamine. This large 
dopamine release has two important consequences that contribute 
to addiction: It triggers wanting or craving, and it signals the need 
for more learning and the strengthening of neural pathways. 

 Chronic smoking leads to the repeated release of high levels of 
dopamine by activation of the nicotinic acetylcholine receptors on 
the VTA neurons. Over time, that dopamine signal backs up to the 
environmental cues that are associated with smoking—for example, 
a pack of cigarettes, a book of matches, the smell of smoke, the 
inside of a bar, and so on. 

 Eventually, any and all of these environmental stimuli become 
triggers that will lead to dopamine release themselves. And the 
dopamine is what produces the strong craving, which leads to more 
smoking. The longer this cycle repeats, the stronger the associations 
become. Pretty soon, it’s virtually impossible to resist the urge to 
smoke, and an addiction is born. 

 Another reason smoking is so addictive is that it’s an extremely 

doses of nicotine isn’t particularly addictive. Even intravenous 
administration of nicotine is less addictive than smoking, because 
smoking gets the nicotine to the brain extremely quickly. In fact, 
nicotine reaches the brain about seven seconds after a puff on a 
cigarette, and that fast action appears to contribute to its addictiveness. 

Treatment Options for Smokers 
 

proven to help motivated smokers kick the habit. One very common 
approach is called nicotine replacement therapy, which involves 
providing low-dose nicotine without smoking and then gradually 
decreasing the dose over time until the smoker has kicked the 
nicotine habit entirely. 



46

Le
ct

ur
e 

6:
 W

hy
 W

e 
C

ra
ve

 C
of

fe
e 

an
d 

C
ig

ar
et

te
s

 
replacement therapy: the nicotine patch, nicotine gum, nicotine 
lozenges, nicotine nasal spray, and the nicotine inhaler. Both the 
nasal spray and the inhaler deliver nicotine quickly and can be used 
as needed to control urges. But they both also require a prescription. 
On the other hand, nicotine gum, lozenges, and patches are all now 
available over the counter without a prescription. 

 
roughly twice as likely to quit as smokers in control groups. So, 
nicotine replacement does seem to help. The bad news is that most 
people still don’t manage to quit. 

 Another product that’s become quite popular is the electronic 
cigarette, or e-cigarette, but it’s controversial. E-cigarettes are 
similar to nicotine inhalers. When the user takes a drag, the 
e-cigarette creates a vapor containing nicotine that is inhaled. 
E-cigarettes haven’t undergone the same rigorous testing as 
standard nicotine replacement therapies and haven’t been approved 
by the FDA as a smoking cessation treatment. There is also concern 
that they might be tempting to nonsmokers, especially children, 

appeal to children. 

 Behavioral therapy attempts to break the strong associations 
between smoking and a variety of environmental triggers that 
smokers have. Smokers in behavioral therapy often work on 
recognizing the triggers that are the most strongly associated with 
smoking for them. Then, they work on strategies for avoiding those 
triggers or coping with them when they do encounter them. 

 Combining behavioral therapy with nicotine replacement therapy 

with both the physical and psychological side of the addiction 
simultaneously can really help. 
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Luttinger and Dicum, The Coffee Book. 

Mayo Clinic, “Nicotine Dependence.” 

National Cancer Institute, “Smokefree.Gov.” 

———, “Tobacco Statistics.” 

Nehlig, “Are We Dependent upon Coffee and Caffeine?” 

Proctor, Golden Holocaust. 

1. Why is nicotine dependence considered an addiction while caffeine 
dependence isn’t? 

2. What does nicotine do in the brain, and how does it produce addiction? 

3. What are some of approaches being used to help smokers quit? 

Suggested Reading

Questions to Consider
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Alcohol—Social Lubricant or Drug of Abuse?
Lecture 7

Our society often treats alcohol as a relatively harmless social 
lubricant rather than as a drug of abuse. But is it really different than 
other addictive drugs? In this lecture, you will learn how alcohol 

affects the human body and how it is similar to the way that other addictive 
drugs affect the body. You also will learn about the ways in which alcohol 
is different from other drugs of abuse. Finally, you will learn about various 
treatment options for alcoholism. 

How Does Alcohol Affect the Brain? 
 Neurons in the brain typically communicate using special 

chemicals called neurotransmitters. One neuron releases a bunch of 
neurotransmitter molecules, and these molecules bind to receptors 
on neighboring neurons, potentially activating those receptors and 

Our society treats alcohol as a relatively harmless social lubricant, though its 
effects on the body are similar to those of other addictive drugs.
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 Drugs of abuse typically bind to the same receptors as natural 
neurotransmitters but then produce abnormal levels of activity in 
those receptors. And that abnormal activity is what makes the drugs 
psychoactive, making the user experience particular feelings, such 
as euphoria, excitement, or contentment. 

 Alcohol also binds to natural receptors and produces abnormal 
receptor activity. In fact, alcohol affects receptors for multiple 
neurotransmitters, and two of the most important are called 
glutamate and GABA. 

 Glutamate is the major excitatory neurotransmitter in the brain. 
It’s the chemical that many neurons use to try to make neighboring 

These receptors have been found to play a major role in learning  
and memory. 

 Alcohol binds to NMDA receptors and makes them less active. 
NMDA receptors have multiple binding sites, and alcohol binds 
to a different site on the receptor than glutamate. When alcohol 
binds, it actually changes the receptor and makes it less responsive 
to glutamate. This is called allosteric modulation. The alcohol is 
modulating the effects of glutamate by binding to a different site on 
the NMDA receptors. 

 Alcohol reduces the effects that glutamate normally has; glutamate 

antagonizing glutamate, alcohol suppresses neural activity in the 
brain. And that’s why it produces a sedative and hypnotic effect. 
Also, the fact that NMDA receptors play an important role in 
learning and memory may explain why large doses of alcohol can 
produce blackouts and amnesia. 

 The other major neurotransmitter that alcohol affects is GABA. 
While glutamate is the brain’s major excitatory neurotransmitter, 
GABA is its major inhibitory neurotransmitter. When GABA 
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receptors on a neuron are activated, they try to prevent the neuron 

neural activity. 

 Scientists have not yet found a particular site on the GABA 
receptors where alcohol binds. Nevertheless, most scientists still 
believe that alcohol is again acting as an allosteric modulator, but 
this time making GABA receptors more responsive to GABA and 
therefore suppressing neural activity. And the reason they believe 
this is because the effects of alcohol are so similar to drugs that do 
bind to GABA receptors—in particular, barbiturate drugs. 

Alcohol versus Drugs of Abuse 
 Alcohol shares at least one important characteristic with drugs of 

abuse: They both bind to natural receptors in the brain and lead 
to abnormal levels of activity. A second characteristic of drugs of 
abuse is that repeated use can lead to compensatory changes in the 
body that produce physical dependence, which is characterized by 
tolerance to the drug’s effects and withdrawal symptoms when the 
drug is stopped. 

 Chronic alcohol use produces similar compensatory changes and 
physical dependence. People who drink a lot for an extended 
period of time will typically become less sensitive to alcohol’s 
effects over time. They develop a tolerance for alcohol. There 
are actually a number of changes that happen in the body that 
contribute to alcohol tolerance, including changes in the digestive 
system that allow a person to break down alcohol faster than they 
could originally, resulting in having to drink more to have the 
same effect. 

 Compensatory changes also occur in the brain. In particular, 
there’s evidence for an upregulation of NMDA receptors and a 
downregulation of GABA receptors in the brains of heavy drinkers. 
Recall that alcohol binds to NMDA receptors and inhibits the 
activity of glutamate. If you continuously and chronically use 
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alcohol, the brain will try to compensate for that by producing more 
NMDA receptors. That’s upregulation. Conversely, chronic alcohol 
use leads to downregulation of GABA receptors. In this case, the 
brain is compensating for the overstimulation of these GABA 
receptors by producing fewer of those receptors. 

 And these compensatory changes contribute to alcohol tolerance. 
In most people, alcohol produces sedative and hypnotic effects 
because of the way it inhibits neural processing. But the brain of the 
chronic alcohol drinker has reduced its ability to produce inhibition. 
Consequently, alcoholics won’t experience the same amount of 
sedation; they become tolerant to the effects of alcohol, a clear sign 
of physical dependence. 

 Heavy drinkers who quit experience withdrawal symptoms that 
are worse than withdrawal symptoms from most drugs of abuse. 
In fact, withdrawal from alcohol can be quite dangerous, even 
fatal. Standard symptoms of alcohol withdrawal include tremors 
and shakes, high anxiety, high blood pressure, increased heart rate, 
sweating, and nausea. In severe cases, alcoholics in withdrawal may 
experience delirium tremens. It’s therefore important for a heavy 
drinker who wants to quit to do so under a doctor’s supervision. 

 What’s causing these severe withdrawal symptoms? If alcohol is 
discontinued after the upregulation and downregulation of brain 
receptors, then there are more NMDA receptors than normal, but 
now the alcohol isn’t there to inhibit the excitatory actions of 
glutamate. So, you get abnormally high levels of neural activity. 
Worse yet, the downregulation of GABA receptors means that there 
are fewer of them to inhibit neural processing and keep it in check. 

 The end result is substantial overstimulation when alcohol is 
stopped. And it’s that overstimulation that is thought to give rise to 
the seizures and anxiety that are associated with alcohol withdrawal. 
The alcoholic is now physically dependent on alcohol and needs to 
drink just to feel normal. 
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 A third characteristic of drugs of abuse is their addictiveness. 
Alcohol is certainly addictive. In fact, the World Health 
Organization estimated that there are approximately 140 million 
people addicted to alcohol worldwide, making alcohol the single 
most-abused substance on the planet. But are the mechanisms 
underlying alcohol addiction similar to the mechanisms underlying 
addiction to drugs of abuse? 

 Drugs of abuse overstimulate the brain’s reward circuit. They tend 
to excite or activate the nucleus accumbens, which is associated 
with feelings of pleasure. They also tend to lead to a release of 
dopamine by neurons in the ventral tegmental area (VTA). And 
that dopamine release is associated with craving or wanting. That 
dopamine release will back up to cues that are associated with the 
drug taking. So, now when the drug user encounters those cues, 
dopamine is released and they may experience strong craving to 
use the drug. 

 These same mechanisms are at work in the brains of alcoholics. 
Consider the brain’s pleasure center, the nucleus accumbens. Drugs 
that block the response of the nucleus accumbens also reduce the 
desire to drink alcohol. Research has found that alcohol must be 
activating the nucleus accumbens and producing a reward response 
just like drugs of abuse do. 

 In addition, like drugs of abuse, alcohol has also been shown to lead 
to increased dopamine release in the reward circuit. Alcoholics also 
have very strong triggers associated with alcohol use, just like drug 
addicts have triggers associated with drug use. 

 Furthermore, just like other addictions, there is very good evidence 
for genetic susceptibility to alcohol addiction; apparently, your 

 Despite the similarities that alcohol shares with drugs of abuse, 
alcohol is different from drugs of abuse on other grounds. For 
example, alcohol is legal while some other drugs are not. It’s 
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also much more socially acceptable than so-called harder drugs. 
More importantly, there’s some evidence that although alcohol is 
addictive, it’s not as addictive as cocaine or heroin—or nicotine, 
for that matter. 

 
negative consequences, just like the chronic use of other drugs. 
Excessive drinking, and drinking at inappropriate times, is 

long-term, heavy drinking can lead to cirrhosis of the liver. It can 
also cause brain damage and shrinkage of the cerebral cortex. And, 
of course, drinking and driving can have fatal consequences. Heavy 
alcohol use can even lead to malnutrition. 

Treatment Options for Alcoholism 
 

a long enough period of time that his or her physical dependence 
has subsided and he or she isn’t experiencing severe withdrawal 

substitute for alcohol that can mimic some of its inhibitory effects, 
in order to prevent the severe overstimulation that typically occurs 
during alcohol withdrawal. 

 In particular, physicians will often prescribe benzodiazepines, such 

inhibitory GABA receptors like alcohol does, so taking them when 
you’re quitting alcohol helps to prevent the dangerous symptoms, 
such as seizures and delirium tremens, that are associated with 
alcohol withdrawal. 

 
rehabilitation. This could be individual or group therapy, or it 
could be a self-help group like Alcoholics Anonymous, Rational 
Recovery, or the Community Reinforcement Approach. 
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 All of these psychosocial methods seem to help, in the sense 
that people who participate are more likely to quit drinking than 
people who don’t. However, they don’t work for everyone. In fact, 
roughly 40 to 70 percent of people in the programs are drinking 
again after one year. Nevertheless, it’s often helpful to see failures 
as learning opportunities and as normal steps in the road to 
complete abstinence. 

 There are also some pharmacological interventions that have 
proven to help drinkers quit. One common approach is a drug 

down alcohol. By inhibiting this enzyme, people aren’t able to 

they have a very unpleasant reaction to alcohol, such as intense, 
unpleasant hangover-like symptoms. 

 The hope is that these symptoms will make drinking aversive, and 
people will feel less of an urge to drink. One problem with this 
approach is that you have to be very determined to quit drinking for 
it to work. Otherwise, you’ll simply stop taking the drug. 

 A second pharmacological approach is to try to eliminate the 
rewarding effects of alcohol. Alcohol activates the nucleus 
accumbens, the brain’s pleasure center. A drug called naltrexone 
tries to help alcoholics quit by inhibiting that pleasure response. 
Reducing the pleasure associated with drinking can help alcoholics 
quit, especially when naltrexone is combined with behavioral 
therapy. In fact, quit rates double after three months of such a 
treatment combination. 

 A third medication that has proven somewhat effective in helping 
alcoholics is called acamprosate. This medication can reduce the 
unpleasant side effects of alcohol withdrawal and hopefully help 
the recovering alcoholic stay abstinent. 
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Blum, Alcohol and the Addictive Brain. 

Gately, Drink. 

Ketcham, Asbury, Schulstad, and Ciaramicoli, . 

1. What are the neural mechanisms that underlie alcohol’s psychological 
effects? 

2. Why should a chronic alcoholic not try to quit cold turkey without 
medical supervision? 

3. Do you think that alcohol should be considered a drug of abuse? 

Suggested Reading

Questions to Consider
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The Science of Marijuana
Lecture 8

Some people see marijuana as a dangerous, addictive drug, and they often 
think of medical marijuana as a loophole that drug dealers and addicts 
use to skirt the law. Other people see marijuana as a relatively harmless 

suffering from a number of illnesses. What does science have to say about 
marijuana? What does marijuana do to the brain, and what kinds of effects 

is it? These are the kinds of questions that will be addressed in this lecture. 

Marijuana and the Brain 
 Marijuana comes from the hemp plant, Cannabis sativa. 

Historically, the hemp plant has had a wide range of uses, including 

for thousands of years all over the world, including in the United 
States. Marijuana, hashish, and hash oil are all derived from hemp. 
All three forms are usually smoked and inhaled, although they’re 
also sometimes eaten. 

 What all of these forms of cannabis have in common is that they 
contain chemicals called cannabinoids. Many cannabinoids are 
psychoactive, so when they enter the bloodstream and get to the 
brain, they can produce psychological and behavioral effects. 

 
to be responsible for the major effects associated with marijuana 
use: delta-9-tetrahydrocannabinol (THC). It’s the THC in hemp that 
produces many of the psychoactive effects associated with marijuana. 

 How do cannabinoids like THC affect the brain? For a long time, we 
didn’t know, but that changed in 1988, when William Devane, Allyn 
Howlett, and their colleagues at the St. Louis University medical 
school found evidence for cannabinoid receptors in the brain. 
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the brain, and most psychoactive drugs produce their effects by 
mimicking neurotransmitters and binding to natural brain receptors. 
Cannabinoids like THC are no exception to that rule. And the 
receptors that they bind to were even named after them; that’s why 
they’re called cannabinoid receptors. 

 There are two major types of cannabinoid receptors in the body: 
the CB1 receptors and the CB2 receptors. The CB2 receptors play 
an important role in the immune system and are not thought to be 
involved in the psychological effects produced by marijuana. The 
CB1 receptors in the brain underlie those effects, so those are the 
receptors we’ll focus on. 

 
designed to respond to marijuana. Rather, scientists assumed that 
there must be some natural brain chemicals that bind to cannabinoid 
receptors. So, after discovering the receptors, scientists went 
looking for the chemicals, and in 1992, they found one, a natural 
brain chemical called anandamide. Subsequent studies have found 
a few others. 

 These natural chemicals that are produced in the brain are 
sometimes called endogenous cannabinoids, or endocannabinoids. 
These are different from exogenous cannabinoids, which come 
from outside the body. Anandamide is an endocannabinoid 
because it is made within the body, while THC is an exogenous 

 
from cannabis. 

 When scientists investigated the properties of endogenous 
cannabinoids more deeply, they discovered that endocannabinoids 
are quite different than most other neurotransmitters in the brain. 
Most neurotransmitters are stored in neurons and then are released 

only when they’re needed rather than being stored. 
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 More importantly, cannabinoids seem to work largely as retrograde 
messengers. Recall that when neurons communicate, usually one 

into the synapse, or the small gap, between the cells. The 
neurotransmitter molecules then move across the synapse and bind 

presynaptic cell, and the cell that the neurotransmitter binds to is 
called the postsynaptic cell. 

 Normally, brain chemicals move from the presynaptic cell and bind 
to receptors on the postsynaptic cell. But cannabinoid receptors are 
not usually found on the postsynaptic cell; instead, they’re usually 
on the presynaptic cells. That led scientists to hypothesize that 
cannabinoids are typically used to send messages back from the 
postsynaptic cell to the presynaptic cell. That’s what it means to be 
a retrograde messenger. 

 
endocannabinoids like anandamide are typically released by the 
postsynaptic cell and then move back to the presynaptic cell, where 
they bind to the CB1 receptors. 

 Most scientists believe that retrograde messaging is used to regulate 

off the presynaptic cell once it has released enough neurotransmitter 
molecules and therefore prevent it from releasing too much. This 
mechanism has been found in both excitatory and inhibitory 
synapses, suggesting that cannabinoids can prevent too much 
excitation as well as too much inhibition. 

 Furthermore, some recent evidence suggests that the regulatory 
functions of cannabinoids may be important in helping us forget 
things we need to forget. For example, suppose you park in the same 
structure that you parked in yesterday. Sometimes your memory of 
yesterday’s parking spot can interfere with your ability to remember 
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where you parked today. That’s called proactive interference, and 
there’s evidence that endocannabinoids can reduce this kind of 
interference. Likewise, cannabinoids are critical in unlearning fear, 
a phenomenon called fear extinction. 

 
such as using exogenous cannabinoids, including medical marijuana, 

also explain why marijuana users often report memory problems. 

The Effects and Uses of Marijuana 
 Cannabinoid receptors have been found all over the brain. They’re 

found in areas involved in motor control and in areas that process 
fear and anxiety. They’re also found in the midbrain dopamine 
system and the reward circuit. The fact that cannabinoid receptors 
are found in so many areas suggests that cannabinoids like THC 
might have a broad range of effects—and, in fact, they do. 

 Marijuana users report a variety of effects that can differ 
substantially depending on the person and the situation. Many users 
report a feeling of euphoria and exhilaration as well as lowered 
inhibitions. Users also often report feeling relaxed and calm, and 
many experience enhanced visual and auditory perception. Some 
people also report a sense that time is slowing down substantially. 

 At higher doses, marijuana can produce less-pleasant symptoms, 
such as disorganized thoughts and feelings of paranoia and anxiety. 
Higher doses are also associated with impaired judgment and 
agitation. However, there are no reported cases of death as a result 
of marijuana overdose, so in that sense, the margin of safety for 
marijuana seems to be much larger than the margin of safety for 
other drugs of abuse, such as heroin or cocaine. 

 But besides these psychological effects, cannabinoids have other 
effects that have played an important role in their medicinal use. 
In particular, they can be quite effective in reducing nausea and 
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vomiting and in increasing appetite, which are desirable in a number 
of circumstances, including treating many chronic illnesses, such as 
cancer and AIDS. 

 In addition, cannabinoids have been shown to help relieve pain, 

even evidence from animal studies that cannabinoids may inhibit 
the development of certain types of tumors. 

 There are some legitimate medical uses of cannabinoids. Indeed, 
there are now cannabinoid-based pills that are approved for use 
in the treatment of both chemotherapy-induced nausea and AIDS. 
In many states, medical marijuana has been legalized and is being 
used to treat patients. In fact, in 2012, Colorado and Washington 
State even legalized the recreational use of marijuana. 

 On the other hand, there are often alternative drugs that can treat the 
same symptoms without the psychoactive effects of cannabinoids. 
For example, synthetic derivatives of the hormone progesterone 

Cannabinoids can be effective in reducing nausea and vomiting and in 
increasing appetite, which is desirable in treating many chronic illnesses.
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also increase appetite, and some studies suggest that they actually 
do so more effectively than cannabinoids. In short, the debate over 
medical marijuana isn’t over yet. 

Marijuana Addiction and Abuse 
 Marijuana is the most widely used illegal drug in the world. More 

than 17 million Americans use marijuana in a typical month, and 
there are more than 3 million daily users. Marijuana use typically 
starts during adolescence. Among high school seniors, about one-

are current users. In fact, about one in eight eighth graders have 
reported trying marijuana in the past year. But does trying marijuana 
lead to chronic use? 

 A 1994 survey conducted by the National Institute on Drug Abuse 
found that about nine percent of people who tried marijuana at least 

it’s also lower than the addiction rates for other drugs that were 
evaluated in the survey. Marijuana is indeed somewhat addictive, 
but it’s not as addictive as most other drugs of abuse. Work with 
animals also suggests that marijuana, and exogenous cannabinoids 
in general, are moderately addictive. 

 The mechanisms of addiction are also at work with marijuana. 

to lead to enhanced activity in the reward circuit and to stimulate 

Furthermore, injections of the endogenous cannabinoid anandamide 
have been shown to produce pleasurable reactions in animals. 

 In addition, there is some evidence that chronic marijuana 

when they stop using marijuana, they often exhibit withdrawal 
symptoms, including craving, irritability, anxiety, depression, and 
reduced appetite. 
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 However, the evidence for the development of tolerance is mixed. 
On one hand, we have evidence for tolerance at a physiological 
level, in terms of a reduction in the number of receptors. But on the 
other hand, the evidence for behavioral tolerance is much weaker. 

Consequences of Marijuana Use 
 There are some negative consequences associated with chronic 

marijuana use. For example, compared with nonsmoking peers, 
students who regularly smoke marijuana tend to get lower grades, 
and they’re also more likely to drop out of high school. However, 
these studies are correlational in nature, and correlational studies 
do not support claims about causality. In other words, just because 
marijuana use is correlated with poor academic performance, that 
doesn’t mean that marijuana use caused the poor grades. 

 There’s also good evidence for a correlation between marijuana 
use and what is sometimes called an amotivational syndrome. 
That is, chronic marijuana users are often more apathetic or 
aimless than nonusers, and they may lack motivation and exhibit 
decreased productivity in general. Again, we have a correlation 
between marijuana use and these behaviors, but we have not 
established causation. 

 There’s also controversy about whether marijuana might be a 
gateway to harder drugs. The gateway theory claims that marijuana 
use primes the pump and puts one at risk for the use of more 
dangerous drugs, such as cocaine and heroin, later in life. While early 
marijuana use is indeed associated with later use of harder drugs, 
once again that correlation doesn’t necessarily imply causation. 

 Another potential negative consequence of marijuana use is 
your health. The health effects of marijuana don’t seem to be as 
bad as the health effects of alcohol and cigarettes. Long-term use 
does seem to be associated with bronchitis, and marijuana smoke 
actually contains higher concentrations of some carcinogens than 
cigarette smoke does, but the link between chronic marijuana use 
and lung cancer has not yet been conclusively demonstrated. 
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Treatment for Marijuana Addiction 
 Most current treatments for marijuana addiction use behavioral 

therapy. In particular, many techniques combine cognitive 
behavioral therapy with motivational incentives. Cognitive 
behavioral therapy trains patients to recognize and avoid the 
triggers associated with cravings and teaches them strategies 
to cope with those cravings without using. Many therapies also 
include a motivational component, in which patients are rewarded, 
sometimes even with money, for abstinence. 

 There is evidence that these techniques can help. For example, in 
one study, 37 percent of people who received cognitive behavioral 
therapy along with motivational incentives remained abstinent after 
one year. In comparison, only 17 percent of people who received 
motivational incentives alone managed to remain abstinent. 
Likewise, only 23 percent of people who received cognitive 
behavioral therapy alone remained abstinent. Like most other 
addictions, we don’t yet have particularly effective approaches to 
treating marijuana addiction. 

Compton, Grant, Colliver, Glantz, and Stinson, “Prevalence of Marijuana 
Use Disorders in the United States.” 

Earleywine, Understanding Marijuana. 

Iverson, The Science of Marijuana. 

1. What are some of the functions of endogenous cannabinoids? 

2. What are some of the potential medical uses of cannabinoids? 

3. Do you think that marijuana should be legalized for medical use, or 
even recreational use? Why, or why not? 

Suggested Reading

Questions to Consider
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Stimulants—From Cocaine to Ritalin
Lecture 9

In this lecture, you will learn about stimulant drugs, which are sometimes 
colloquially referred to as “uppers” because they produce a feeling of 
excitement and euphoria, increase alertness and focus, and decrease 

fatigue and appetite. Cocaine, amphetamine, and methamphetamine all 
belong to this class of drugs and are often considered among the most 
dangerous drugs of abuse available. In this lecture, you will learn background 
information on psychostimulants. You also will learn about what kinds of 
effects these drugs have, especially on the brain, and about addiction, abuse, 
and treatment. 

The History of Psychostimulants 
 Like many other drugs of abuse, cocaine comes from a plant. 

countries of Colombia, Peru, and Bolivia in South America. And 
just like caffeine and nicotine, cocaine is thought to act as a natural 
insecticide for the coca plant, to prevent bugs from eating it. 

 The people living in the regions where the coca plant grows have 
known that the plant has stimulating effects for thousands of years. 
And many people in these regions regularly chew coca leaves 
for these effects. Cocaine ingested this way reaches the brain 
slowly over a long period of time, so the effects are much milder 
than snorting cocaine powder or smoking cocaine in the form  
of crack. 

 But in the mid-1800s, German chemists isolated cocaine in 
its pure form, and its use—and abuse—really took off. By the 
beginning of the 20th century, people began to realize that cocaine 
was both addictive and potentially very harmful. In 1914, the 
U.S. Congress passed legislation imposing restrictions on its use  
and sale. 
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 Cocaine comes in a number of different forms. The most familiar 
is probably cocaine powder, which is a water-soluble salt called 
cocaine hydrochloride. This form of cocaine is often snorted. In the 
1970s, some users began treating cocaine powder with chemicals 
and freeing the cocaine base from the hydrochloride salt in a 
process called freebasing. The resulting freebase cocaine melts at 
a lower temperature, which means it can be smoked. And that gets 
the cocaine to the brain faster and produces a more intense high. 

so it can be dangerous. 

 Around 1980, a dried, hardened version of cocaine called crack 
cocaine appeared. Crack cocaine can also be smoked, leading to 
a similar very intense high and strong potential for abuse, but its 

less risk of an accident. 

 The histories of amphetamine and methamphetamine are similar to 
the history of cocaine. Like cocaine, amphetamines are also derived 
from a plant—in this case, the Ephedra sinica plant, which grows 
mainly in Mongolia, Russia, and Northeast China. And like the 
coca plant, the ephedra plant has been used for thousands of years 

important part in traditional Chinese medicine as a treatment for 
colds and asthma. 

 In the late 1800s, chemists synthesized amphetamine from 
the ephedra plant. About 30 years later, they synthesized 
methamphetamine. Both are potent and addictive psychostimulants, 
but methamphetamine tends to have stronger effects because of a 
slight change in chemical structure. 

 For a long time, amphetamine was used to treat nasal congestion 
and head colds, under the trade name Benzedrine. In 1937, the 
American Medical Association sanctioned the use of amphetamine 
for the treatment of mild depression and sleep disorders. 
Amphetamine was even a common diet pill in the 1940s. 
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 Stimulants also played an important role during World War II, when 
many soldiers took them in order to stay awake and alert. After 
World War II, the use of amphetamines in the general population 
really grew. For example, in 1970, over 10 billion amphetamine 
tablets were legally made in the United States. 

 But probably the most widespread legal use of amphetamines in the 

two most-common drugs 
used in the treatment of these 
disorders are Adderall and 
Ritalin, both of which are 
psychostimulants. By 2014, 
roughly 3 million children in 
the United States were taking 
one of these medications to 
treat ADD or ADHD. 

 Because low doses of 
psychostimulants improve 
focus, these drugs have been 
found to help sufferers stay 
on task and get their work 
done. It’s also important 
to note that when used as 
directed, these medications are quite safe. Studies have found that 
when used as directed, the potential for addiction and abuse is quite 
low. Unfortunately, these drugs aren’t always used as directed. 

 Methamphetamine is perhaps the most dangerous of all the 
psychostimulant drugs. The methamphetamine molecule is just an 
amphetamine molecule with an additional methyl group, consisting 
of a carbon atom and three hydrogen atoms. That change may seem 
minor, but the additional methyl group makes methamphetamine 
much more likely to be abused. 

The most widespread legal use of 
amphetamines in the United States is 
in the treatment of ADD and ADHD.
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 One reason is that the extra methyl group makes it easier for 
methamphetamine to get to the brain compared with standard 
amphetamine. More of it can reach the brain, and it can 
produce a larger effect that lasts much longer. Another reason 
methamphetamine has become popular among recreational drug 
users is that it’s relatively easy to make using widely available 
chemicals, such as the pseudoephedrine found in decongestants. 

 In an attempt to slow down the illegal manufacture of 
methamphetamine, Congress passed an act called the Combat 
Methamphetamine Epidemic Act of 2005, which required that cold 
medicines containing pseudoephedrine be kept behind the counter. 

and the amount they could buy was limited and tracked. 

 The most potent form of methamphetamine is crystal meth, which 
users often call glass or ice. Like crack cocaine, it’s usually smoked 
and produces a very intense high. But that high typically lasts much 
longer than the high from other stimulants. Users therefore see it as 
a very cost-effective drug, because a small dose can go a long way. 

The Effects of Psychostimulants 
 As their name suggests, stimulant drugs stimulate the nervous 

system. And that stimulation has some positive effects: It reduces 
fatigue, increases alertness, and produces feelings of excitement 
and euphoria. Unfortunately, the negative consequences of these 
drugs can be disastrous. 

 For example, in addition to its stimulating psychological effects, 
cocaine also constricts blood vessels, meaning that less blood can 
reach critical organs, such as the brain and heart, resulting in strokes 
and associated brain damage and heart attacks. 

 In addition to posing a serious health risk, high doses of 
psychostimulants also sometimes lead to stereotypic behavior, 
which is repetitive movements such as body rocking, crossing and 
uncrossing legs, or marching in place. 
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 Chronic stimulant use can also sometimes lead to psychosis, 
including vivid hallucinations and delusions. The user might 
develop extreme paranoia and experience delusions of being 
followed or persecuted. Users also commonly claim that they feel 
imaginary insects burrowing under their skin, so they compulsively 
pick and scratch at themselves. As a result, they often have scars 
and lesions all over their body. 

 How do psychostimulants affect the brain? All psychostimulants 
directly increase dopamine levels in the brain. Dopamine plays 
a central role in craving and addiction. Nicotine, alcohol, and 
marijuana all lead to the release of dopamine, but these other 
drugs do so indirectly. Psychostimulants increase dopamine levels 
directly, which might be a reason why they’re among the most 
abused drugs in the world. 

 The way they work is also somewhat different from the other 
drugs discussed so far. Recall how neurons communicate using 

it releases neurotransmitter molecules into the synapse, and those 
molecules then bind to receptors on the postsynaptic neuron, like a 

molecules after they’ve done their work? 

 One thing that happens is that the neurotransmitter molecules 
can be sucked back into the presynaptic cell by molecules called 
transporters. This way, the neurotransmitter molecules can be used 

because the neurotransmitter molecules are taken back up into the 
presynaptic neuron. 

 Most of the drugs of abuse discussed so far mimic the actions of 
neurotransmitters and bind to receptors. They may activate those 
receptors if they’re agonists, or they may block those receptors if 
they’re antagonists. But psychostimulants work differently. Rather 
than binding to receptors, psychostimulants typically affect the 
cell’s transporters. 
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 Rather than sucking the dopamine out of the synapse, the 
transporter molecules are now spraying dopamine back into 
the synapse, resulting in much higher levels of dopamine 
than normal. In fact, some studies have found that cocaine can 
lead to double the normal amount of dopamine in the synapse, 
and methamphetamine can produce a tenfold increase in  
dopamine levels. 

Addiction to Psychostimulants 
 Cocaine and methamphetamine are among the most addictive 

drugs in the world, especially when they’re smoked or injected. 
All animal species that have been tested will self-administer these 
drugs intravenously, and they’ll do so compulsively. 

 Human addicts often exhibit bingeing behavior with 
psychostimulants, especially crack cocaine and crystal meth. 
After taking an initial dose, they experience an intense high 
and euphoria, but as soon as that high starts to wear off, they 
administer another dose to try to keep the high going and avoid 
coming down. They might repeat this cycle for days without 

from exhaustion. 

 Like most other drugs of abuse that have been discussed, 
repeated use of psychostimulants leads to changes in the brain 
that make it harder and harder to resist the drug. Repeated use of 
psychostimulants leads to tolerance; it takes more of the drug to 
produce the same effect. 

 Psychostimulants are thought to be addictive for the same reasons 
as other drugs. The drugs produce a large release of dopamine and 
overstimulate the brain’s reward circuit. That dopamine produces 
craving and signals a reward prediction error, which backs up to 
cues associated with the drug taking. With repeated use, many 
environmental cues become extremely strong triggers that lead to 
irresistible cravings for the drug, and an addiction is born. 



70

Le
ct

ur
e 

9:
 S

tim
ul

an
ts

—
Fr

om
 C

oc
ai

ne
 to

 R
ita

lin

Treatments for Psychostimulant Addictions 
 Currently, behavioral approaches are the treatment of choice for 

psychostimulant addictions. One approach is called contingency 
management, or motivational incentives. In these kinds of 
programs, addicts receive points or chips for each drug-free urine 
test. And they can then redeem these points for rewards like movie 
tickets or dinner at a restaurant. This kind of approach has been 
found to be effective in achieving initial abstinence and in sticking 
with treatment. 

 Another approach called cognitive behavioral therapy is helpful in 
preventing relapse. Essentially, addicts are taught to recognize risky 
situations that could trigger relapse and avoid those situations as 
much as possible. They’re also taught coping skills to help them 
deal with cravings when they arise. 

 
Cocaine Anonymous to be helpful as a support system when trying 
to remain abstinent, or to get back on the wagon after relapse. Other 

community of recovering addicts for six months or more. 

 Unfortunately, relapse rates are quite high. For example, around 
90 percent of methamphetamine addicts have been estimated 
to return to using after treatment. It’s therefore particularly 
important for stimulant addicts to keep trying and to view relapses 
as learning opportunities in their journey to achieve complete 
abstinence eventually. 

 There are currently no pharmacological treatments that are 
approved to treat psychostimulant addiction; however, scientists 
have been working on vaccines that could potentially help addicts 
avoid relapse. The idea is to train the body’s own immune system 
to recognize and attack cocaine and methamphetamine before they 
reach the brain. So, even if an addict who is in recovery falls off 
the wagon, much less of the drug would reach the brain, and they 
would not experience the normal high. 
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Center for Substance Abuse Treatment, “How Stimulants Affect the Brain 
and Behavior.” 

Markel, An Anatomy of Addiction. 

Moore, The Amphetamine Debate. 

Sheff, Beautiful Boy. 

1. How were cocaine and amphetamines used before they were regulated? 

2. 

3. Do you think that it’s okay to use stimulants in the treatment of ADHD? 

Suggested Reading

Questions to Consider
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The Science of Poppies, Pleasure, and Pain
Lecture 10

This lecture tells the story of the poppy plant. In addition to producing 

of opium and the many drugs derived from opium. Among these 
drugs are medicines that have revolutionized the treatment of pain, such 
as codeine and morphine, as well as heroin, which is often considered to 
be the most harmful drug of abuse today. Although opioid drugs are very 
addictive, they are nevertheless very effective painkillers and are still 
widely used in medicine. 

Opium 
 

is secreted by some plants when they’re damaged, as a defense 
mechanism against insects trying to eat them. Opium is the 
latex secreted from the seedpod of an opium poppy. Raw opium 
contains about 10 percent morphine and about 2 percent codeine. 
These are the opiate drugs, which just means that they’re natural 
products of the opium poppy. A number of other drugs, including 
heroin, are not contained in opium itself but are made from 
natural opiates or have very similar effects. These are sometimes  
called opioids. 

 The opiate drug morphine is among the most effective painkillers 
available today. Codeine has similar effects but is weaker than 
morphine. It’s often used to treat minor pain and as a cough 
suppressant. Of course, opium and drugs derived from opium 
are also often used recreationally, because they can produce a 
dreamlike, euphoric state. 

 People have known about those effects for a very long time. In fact, 
there’s evidence that the Sumerians knew about the psychoactive 
properties of the opium poppy plant as early as 3400 B.C. The 
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Ancient Egyptians used opium medicinally. In the 1700s and 1800s, 
a mixture of alcohol and opium called laudanum became very 
popular and was widely used as a pain reliever, as a sleep aid, and 
to treat a variety of ailments. In the mid-1800s opium trade became 
a big business and even led to two wars, known as the opium wars, 
between the British and the Chinese. 

 In 1804, a German pharmacist isolated a pure alkaloid from opium 
and gave it the name morphine, after Morpheus, the Greek god 
of dreams. Morphine was more potent than opium or laudanum, 
and it became an invaluable tool to doctors in the treatment of 
pain. Morphine was administered to injured soldiers during the 
American Civil War. 

 In 1898, Bayer pharmaceutical company began selling a synthesized 
opioid that was one-and-a-half to two times more powerful than 
morphine, and it was marketed as a nonaddictive morphine 

also the source of opium and the many drugs derived from opium.
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substitute and cough suppressant—heroin. Bayer sold heroin for 
more than 10 years before its harmful effects were recognized and 
it was removed from the market. Heroin is now recognized to be 
among the most addictive drugs in the world. 

 Today, a wide variety of opioid medications are available as 
prescription painkillers. Vicodin, Percocet, Fentanyl, Methadone, 
and OxyContin are all examples of opioids that are used to 
relieve chronic pain, and they’re prescribed a lot. Although these 
medications are extremely effective, they’re also potentially 
addictive, and a large number of people who begin using them for 
pain relief eventually get hooked. 

The Effects of Opioids on Behavior and the Brain 
 Opioids are narcotic analgesics, which reduce pain without 

eliminating sensation. They’re distinguished from anesthetics, 
which reduce all sensation and often produce unconsciousness. 
Opioids also produce a dreamlike, euphoric state, which is what 
makes them attractive to recreational drug users, at least initially. 

 At low doses, pain relief is one of the main behavioral effects of 
opioids. And the fact that they block pain without eliminating 
sensation makes them the drugs of choice in the treatment of pain. 

is why they’re widely used as cough suppressants. 

 Some of the less-pleasant effects include nausea and constipation. 
In fact, constipation is one of the biggest problems in the long-term 
use of opioids to treat chronic pain. On the other hand, this means 
that opioids can also be used as a treatment for diarrhea. 

 At higher doses, opioids produce a rush of euphoria. But the 
nauseating effects can become more severe, and some people also 
experience anxiety and restlessness. The most dangerous effect is a 

breathing can be suppressed enough to lead to death. 
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 What’s going on in the brain and the body that makes opioids 
so powerful? Like almost all the other drugs of abuse that have 
been discussed, opioids work by binding to receptors. There are 
a number of different types of opioid receptors, but it’s the mu-
opioid receptors that seem to be the most important in producing 
the behavioral effects just discussed. 

 
drugs, meaning that these drugs bind very strongly and take longer 
to dissociate. As a result, the drugs can be quite potent. Mu-opioid 
receptors are found in the places that you might expect based on the 
behavioral effects that opioids produce, including in the brain and 
gastrointestinal tract. 

 Like in the case of marijuana, scientists found the opioid receptors 
before they found any of the endogenous brain chemicals that 
bind to those receptors. In fact, they found three major types of 
endogenous opioids: the dynorphins, the enkephalins, and the 
endorphins. You may recall that chronic drug use leads to the release 
of dynorphins in order to inhibit ventral tegmental area (VTA) 
neurons and prevent them from exciting the nucleus accumbens, 
and that contributes to tolerance to the 
pleasurable effects of drugs. 

 The enkephalins and the endorphins 
are both natural painkillers, but they’re 
active in different parts of the body. 
When you’re injured or in pain, your 
body releases these chemicals, and 
they help block the pain. Endorphins 
are morphine-like substances, but 
they originate in the brain itself. In 
addition to being released during pain, 
endorphins are also released during 
stress and strenuous exercise and when 
you’re eating spicy food. When they’re 
released, they activate the mu-opioid 

Endorphins are released 
when you experience 
pain and eat spicy food. 
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receptors, just like morphine does. They therefore relieve pain 
and produce a pleasurable high, basically the same symptoms  
as morphine. 

Opioid Abuse 
 About 45 people in the United States die every day from overdosing 

on a prescription painkiller—that’s more than the number of 
overdose deaths from heroin and cocaine combined. What’s going 
on in the brain that might lead to addiction to opioids? 

 Similar to other drugs, opioids overstimulate the brain’s reward 
circuit and trigger a large release of dopamine. The brain interprets 
that dopamine as a reward prediction error, or an indication that 
taking the drug was better than expected. That reward prediction 
error in turn backs up to environmental cues that are associated 
with drug taking, so when the user encounters those cues in 
the future, he or she experiences a very strong craving to use  
the drug. 

 How do we know that the same mechanisms underlie addiction 
to opium? The VTA is the part of the reward circuit that contains 
dopamine neurons. Scientists have found that injecting opioids into 

dopamine into the nucleus accumbens. Opioids do this by inhibiting 
the neurons that inhibit the VTA. In other words, opioids disinhibit 

dopamine release. This same kind of disinhibition mechanism is at 
work with alcohol. 

 Furthermore, scientists have found that applying a dopamine 
receptor antagonist, which blocks the effect of dopamine, also 
blocks the reinforcing effects of opioids. Animals taking these 
dopamine receptor antagonists don’t develop addictions to opioids 
like other animals do, which demonstrates that dopamine is once 
again playing a central role. 
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Treatment for Opioid Abuse and Addiction 
 There are some very effective treatments for opioid overdose. 

that don’t actually activate them. These drugs can therefore block 
opioids from binding to the receptors. 

 If a drug user overdoses on opioids, is barely breathing, and is close 
to death, if someone administers one of these opioid antagonist 
drugs, such as naloxone, the drug user will recover almost 
immediately, because the opioid will be blocked from binding to 
the opioid receptors. 

 But that’s just treating the overdose. What about the addiction? 

because users experience very unpleasant withdrawal symptoms 
when they stop taking the drug. The symptoms are the mirror 
opposite of the effects produced by the drug itself: Instead of 
euphoria, withdrawal is characterized by depression; instead of 
pain relief, withdrawal leads to aches and pains; and instead of 
constipation, withdrawal produces diarrhea. 

 A common approach to treating opioid addiction is to administer a 
slower, longer-acting opioid, such as methadone, instead. In fact, 
methadone maintenance is the single most-common treatment for 

one study found that 80 percent of people who stick with a 
methadone maintenance program for a full year end up staying 
abstinent for one to three years afterward. In contrast, only 12 
percent of people who drop out of methadone maintenance remain 
abstinent for that long. 

 Other opioids are also regularly used in the treatment of heroin 
addiction. In fact, heroin itself is used in the treatment of heroin 
addiction in a number of countries. The idea is to give users a 
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lower, but stable, prescription dose of heroin without all the risks 
associated with obtaining and using heroin on the street. Not 
surprisingly, heroin addicts are more likely to stick with a heroin 
maintenance program compared with a methadone maintenance 
program, and perhaps as a result, they’re less likely to use  
illegal drugs. 

 Using opioid drugs like methadone to treat heroin addicts is 
controversial. After all, you’re simply substituting one addiction for 
another. Another problem is that the addicts have to go to a clinic 
every day or two in order to receive their treatment, and the people 

heroin addicts who are coming to the neighborhood every day. 

 Another common approach to treating opioid addiction is to try to 
remove any reward associated with relapse. Sometimes, addicts 
who have managed to quit will take an opioid antagonist like 
naltrexone, which blocks the rewarding effects of any opioids they 
take. The idea is that if they ever get a strong craving and end up 
using an opioid drug, they won’t experience their normal high 
because of the antagonist that’s in their system. This can work well 
for somebody who’s very motivated to quit. The problem is that 
people who experience very strong cravings may just stop taking 
the antagonist drug so that they can get the high again. 

 In most cases, these kinds of pharmacological treatments are 
most effective if they’re combined with some sort of behavioral 
treatment. It’s very helpful for opioid addicts to get some kind of 
cognitive behavioral therapy in which they’re trained to recognize 
and avoid the triggers that they associate with drug use. They’re also 
taught coping skills to help them deal with the cravings when they 
do arise. Furthermore, 12-step programs like Narcotics Anonymous 
can be helpful for a number of people. 
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 However, breaking a drug addiction is tough, and breaking an 
addiction to an opioid is among the toughest challenges anyone 
will ever face. But as with all addictions, it’s important to keep in 
mind that one relapse does not mean failure. It simply represents 
an opportunity for the addict to learn from the experience and 
hopefully be successful the next time. 

 

Akil, Watson, Young, Lewis, Khachaturian, and Walker, “Endogenous 
Opioids.” 

Christie, “Cellular Neuroadaptations to Chronic Opioids.” 

Fernandez and Libby, Heroin. 

Martin, Opium Fiend. 

 

1. What are some of the major opioid drugs? 

2. What are some of the major functions of endogenous opioids? 

3. Do you think that addictive drugs should be used in the treatment of 
other addictions? 

Suggested Reading

Questions to Consider
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The Gambler’s Brain
Lecture 11

Isimilarities in the behavior, the brain, and even the genes of compulsive 
gamblers and drug addicts. As you will learn, scientists are starting to 

view problem gambling as another type of addiction—but, in this case, it’s 
an addiction to a behavior rather than a drug. This implies that we can no 
longer think of an addiction simply as a dependence on a particular chemical. 
Instead, any activity that hyperstimulates the brain’s reward circuit could 
potentially be addictive. 

Gambling versus Drugs of Abuse: Behavioral Symptoms 
 

usually money—at risk in the hopes of getting something of 
greater value. According 
to American Gaming 
Association statistics, 
commercial casinos in 
America earn more than 
35 billion dollars every 
year. Likewise, revenue 
in gaming facilities 
on Indian reservations 
exceeds 25 billion 
dollars per year. And 
those numbers don’t 
even include Internet 
gambling, which is the 
fastest growing part of 
the industry. 

 About 85 percent of U.S. adults have gambled occasionally in 

problems. However, an estimated 4 to 6 million people in the 

Any activity that hyperstimulates the 
brain’s reward circuit—like gambling, for 
example—could potentially be addictive.
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United States experience problems as a result of their gambling, 
and about 2 million meet the criteria for pathological gambling or 
gambling disorder. 

 For a long time, psychiatrists considered pathological gambling 
to be primarily a problem with impulse control, rather than an 

addiction, based on studies demonstrating that pathological 
gambling and drug addiction share a number of similarities, ranging 
from similar behavioral symptoms to similar neural substrates—

 Both drug addiction and pathological gambling are characterized by 
persistence in the behavior despite negative consequences and an 
inability to stop. The Diagnostic and Statistical Manual of Mental 

robust behavioral features that should be considered when diagnosing 
a disorder. The lists of behavioral symptoms associated with drug 
addiction and with gambling disorder are remarkably similar. 

 For example, one of the behavioral symptoms associated with drug 

major role obligations at work, school, or home.” Similarly, one of 
the behavioral criteria for diagnosing gambling disorder is whether 

educational or career opportunity because of gambling.” 

 Another behavioral symptom of drug addiction is “persistent desire 
or unsuccessful efforts to cut down or control substance use.” 
Again, similarly, another one of the symptoms associated with 
gambling disorder is “has made repeated unsuccessful efforts to 
control, cut back, or stop gambling.” 

 Evidence suggests that compulsive gamblers experience symptoms 

measured the heart rate of 30 young men at the University of 
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Plymouth while they played slot machines. Half the men were regular 

heart rate increased when they started playing the game, suggesting 
that they were experiencing a rush of excitement. But after they 
stopped playing, the heart rate of the gamblers quickly dropped back 
down, while the heart rate of the non-gamblers remained high. 

 

to the rewarding aspects of the behavior. Consistent with this 
interpretation, chronic gamblers often need to gamble larger 
amounts of money to feel the same rush of excitement, much like 
drug addicts need more of the drug to feel high. 

 Many chronic gamblers also appear to experience withdrawal when 
they stop gambling. Richard Rosenthal at the UCLA Gambling 
Studies Program, along with Henry Lesieur, asked 222 pathological 
gamblers about symptoms they experienced when they tried to 
slow down or stop gambling. Ninety-one percent said that they 
experienced cravings, and 87 percent felt restless and irritable. 
Two-thirds even reported physical symptoms, such as headaches, 
insomnia, sweating, and shaking. 

Gambling versus Drugs of Abuse: Neural Mechanisms 
 Chronic drug use tends to lead to a numbing of response in the 

brain’s pleasure center, the nucleus accumbens. In addition, drugs 
of abuse trigger a large release of dopamine into the reward circuit, 
which over time leads to strong associations between drug-related 
cues and drug taking, resulting in strong craving. Furthermore, 
chronic drug use is associated with reduced self-control as a result 
of weakened inhibitory input from the prefrontal cortex. 

 Jan Reuter, Christian Büchel, and their colleagues at the University 
of Hamburg used functional magnetic resonance imaging (fMRI) 
to estimate neural activity in pathological gamblers and in control 
subjects while they performed a very simple gambling task. 
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They found that the reward response is numbed in pathological 
gamblers, just like it is in drug addicts. In addition, they found 
that the most severe gamblers also had the most numbed  
reward response. 

 So, chronic gambling is indeed associated with reduced activation 
of the nucleus accumbens and a numbed reward response, just like 
drug addiction. Furthermore, as the reward response becomes more 
and more numb, the gambling problem becomes worse, perhaps 
because the gamblers need to gamble more to feel the same level of 
excitement and reward. 

 Another brain change that occurs with drug addiction is the large 
dopamine burst in response to drug-related cues and an associated 
craving whenever those cues were encountered. Anna Goudriaan 
and colleagues at the University of Amsterdam investigated 
evidence for a similar brain change in chronic gambling in an 
experiment in 2010. They used fMRI to estimate neural activity 
while pathological gamblers and control subjects viewed different 
kinds of pictures, some related to gambling and others not. 

 They found neural evidence that the gamblers were sensitized to 
gambling-related cues. Furthermore, that increased sensitivity 
was associated with craving. This is exactly what is assumed to be 
happening in drug addiction, too. 

 One thing this study doesn’t tell us is whether dopamine is 
involved. Functional MRI really only tells you about neural 
activity, so it’s impossible to know whether dopamine was 
actually being released when the gambling-related cues were 
presented. But there is some evidence for that hypothesis. In 
fact, patients with Parkinson’s disease who are taking dopamine 
agonists are roughly three times more likely to become 
pathological gamblers than people who aren’t taking these drugs. 
So, it seems like dopamine plays a role in the development of  
gambling addiction. 
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 A third brain change that is associated with drug addiction is reduced 
inhibitory control from prefrontal cortex. Evidence suggests that 
pathological gamblers also exhibit reduced prefrontal activity and 

In fact, gamblers behave a lot like patients with damage to their 
prefrontal cortex. 

 Marc Potenza and colleagues at the Yale University School of 
Medicine have found direct evidence for reduced prefrontal 
activity in pathological gamblers. They used fMRI to estimate 
neural activity while pathological gamblers and control 
subjects exerted self-control. They found that activation of the 

gamblers compared with non-gamblers, and they interpreted 
this result as evidence for an impairment in prefrontal inhibitory 
control—which is the same kind of impairment that is present in  
drug addicts. 

Gambling versus Drugs of Abuse: Genetics 
 Drug addiction, and the traits associated with drug addiction, are all 

The heritability of a trait is typically estimated by comparing 
the similarity of that trait in identical twins with the similarity in 
fraternal twins. Dr. Seth Eisen at the Washington University School 
of Medicine and his colleagues used this approach to estimate the 
heritability of pathological gambling. 

 They found that identical twins were much more likely to be similar 
in terms of pathological gambling than were fraternal twins. In fact, 
they estimated pathological gambling to be 62 percent heritable, 
meaning that more than half of the variation in gambling diagnosis 
was based on genetics rather than environment. 

 So, both drug addiction and pathological gambling are heritable. In 
fact, it appears that some of the same genes are involved. Evidence 
for this comes from investigating the so-called comorbidity, or 
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co-occurrence, of pathological gambling with drug addiction. 
Pathological gambling and drug addiction tend to co-occur in the 
same people surprisingly often, which suggests that some of the 
same genetic factors are at work. This comorbidity is particularly 
high for gambling and alcoholism. 

 Dr. Wendy Slutske at the University of Missouri, along with a 
number of colleagues, analyzed the data from thousands of twins 
to assess the relationship between pathological gambling and 
alcoholism quantitatively, and they concluded that there must be at 
least one shared genetic factor that increases susceptibility for both 
pathological gambling and alcoholism. 

 What might that genetic factor be? There’s a lot more that scientists 
don’t yet know about that question than they do know, but there are 
a few candidate genes that have been discovered. Perhaps the most 
promising is one of the dopamine receptor genes. 

 
versions of the same gene lead to different versions of those proteins. 
A variation in the gene that codes for one type of dopamine receptor 
has been found to be associated with pathological gambling as 
well as many types of drug addiction. This gene is typically called 
the DRD2 gene, which just means that it codes for the D2 type of 
dopamine receptor. 

 Why would one form of this gene increase risk for addiction? The 
risky form is associated with what’s sometimes called a reward 

variant need more stimulation to experience the same level of 
reward and satisfaction as people who don’t have it. People with 
this genetic variant might be particularly drawn to drugs because 
drugs are one of the only things that can stimulate their numbed 
reward circuit. These people are therefore more susceptible to 
addiction than other people. 
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 Consistent with this theory, people with this genetic variant 
are more likely to get addicted to cigarettes, alcohol, and other 
drugs of abuse. They’re also more likely to become pathological 
gamblers. That is, the same gene that confers risk for alcoholism, 
nicotine dependence, and cocaine addiction also confers risk for 
pathological gambling. 

Treatment for Gambling 
 Some of the same approaches that are used in the treatment of drug 

addictions are also used in the treatment of pathological gambling, 
which may not be surprising given all the similarities they share. 

Anonymous to be helpful, because they provide social support and 
accountability from people who can understand and relate. 

 Another approach is cognitive behavioral therapy. The basic idea 
behind this type of therapy is that our behavior is a result of our 
thoughts, so if we can identify the thoughts and motivations that 
give rise to gambling, then we can begin to control it. Once a 
gambler has developed an explicit strategy, he or she is much better 
equipped to cope with the urges to gamble when they arise. 

 Somewhat surprisingly, certain medical treatments that have been 
used for drug and alcohol addiction have also proved helpful in 
treating gambling addiction. In particular, a number of studies have 
found that the opioid antagonist naltrexone, which is a treatment for 
alcohol, is also effective in reducing gambling behavior. 

 Why would an opioid antagonist help reduce gambling and 
gambling urges? Opioids activate the nucleus accumbens and 
produce feelings of euphoria. Being an opioid antagonist, 
naltrexone competes with endogenous opioids and therefore blocks 
the high associated with gambling. And blocking that high makes 
gambling less appealing and therefore easier to resist. 
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1. What are some of the major behavioral similarities between pathological 
gambling and drug addiction? 

2. What are some of the major neural similarities between pathological 
gambling and drug addiction? 

3. Do you think that gambling should be legal or illegal? 

Suggested Reading

Questions to Consider
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Junk Food, Porn, Video Games—Addictions?
Lecture 12

There are many behaviors that people persistently engage in despite 

involve the consumption of a stimulus other than a drug. In this 
lecture, you will learn about three such stimuli: junk food, pornography, 

stimuli and the ways in which they are supernormal, meaning that they 
exaggerate features of normal stimuli that human beings were designed to 

supernormal stimuli and whether their neural effects are similar to the effects 
of drugs of abuse. 

Junk Food 
 

about two-thirds of Americans are overweight and about one-third 
are clinically obese. There are a number of reasons for the epidemic 
of obesity in the United States, but one of the most important 
reasons is the easy access to junk food. 

 For almost all of human history, people had no choice but to eat 
fresh, unprocessed food that was relatively low in calories. There 
simply weren’t any alternatives; high-calorie foods were very rare. 
Furthermore, most people had to walk long distances and perform 
quite a bit of manual labor just to survive. They therefore burned a 
lot of calories relatively quickly. 

 In these kinds of environments, calories are a precious commodity, 
so it’s important for us to be motivated to consume high-calorie 
foods whenever we can. And our brains are designed to do just 
that. Foods that are high in sugar, fat, or salt can taste very good 
and be very rewarding. In fact, motivating us to consume high-
calorie foods is one of the things our reward circuit was designed 
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for. And for most of our history, being motivated to eat high-calorie 
foods was a very good thing, because it inspired us to get as many 
precious calories as possible. 

 The problem is that in Western society today, calories aren’t nearly 
so precious. In fact, they’re very easy to come by. High-calorie 
foods for our ancestors included foods like fruit and nuts. But today, 

of foods have far more calories than anything our ancestors would 

extremely rewarding. 

 Junk foods are supernormal stimuli—exaggerated versions of our 
ancestors’ fruits and nuts. Eating such foods therefore engages the 
motivational circuits in the brain in a very powerful way and can 

Pornography 
 The same neural circuits that motivate us to eat high-calorie foods 

also motivate us to be fruitful and multiply. These circuits reward us 
handsomely whenever we engage in sex, and they motivate us to do 
so. Again, this is one of the things our reward circuit was designed 
for. After all, if we weren’t motivated to have sex, we might not 
have any children. 

 Our brains are adapted to an environment in which sexually 
provocative stimuli are rare. After all, before magazines, televisions, 
and computers, it was actually pretty rare to see someone without 
any clothes on unless you were married. 

 Of course, everything has changed in modern Western culture. In 
today’s culture, we’re inundated with images of naked or nearly 
naked people. In fact, two out of every three shows on television 

increases during prime time. Ten percent of today’s shows either 
depict or strongly imply sexual intercourse. 
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 And television is nothing compared to pornography. Getting reliable 

2005, pornography accounted for approximately 70 percent of 
the total pay-per-view Internet content market. An analysis of 400 
million Web searches between July 2009 and July 2010 found that 13 
percent were looking for erotic content. Another study examined the 
most-common query terms on a single day in 2006 and found that 21 
of the 25 most-common terms in image searches were sexual. 

 As these numbers suggest, the pornography industry is an 
incredibly big business. In fact, in 2007, worldwide pornography 
revenues were estimated to be about 20 billion dollars. That’s 

Football League combined. 

 Clearly, porn is another example of a modern-day supernormal 
stimulus. In fact, it may be even more stimulating and rewarding 
than junk food. Whereas in simpler times it would be relatively rare 
to see sexually provocative stimuli, now it’s as simple as a click of 
your mouse. 

Video Games 
 Video games have come a long way since Atari introduced the 

very simple tennis game Pong in the 1970s. Today’s games involve 
sophisticated graphics, elaborate and detailed fantasy worlds, and 
extensive quests and adventures. And the video game industry is 
a very big business. For example, the game Grand Theft Auto 5 

movie in history. 

 
there is a growing consensus that modern video games can lead 
to compulsive use in some individuals. For example, Dr. Douglas 
Gentile at Iowa State University surveyed nearly 1,200 American 
kids between the ages of 8 and 18 about their use of video games. 



91

 He found that about 8 percent of American kids met at least 6 of the 
criteria for pathological video game use and could be tentatively 

more problems as a result of their gaming than the other kids did. 

 In extreme cases, the negative consequences can be tragic. But 
much like gambling, most people who play video games can do 
so with enough self-control that they don’t lose their job and their 
family—or, worse, their life. At the very least, video games can be 
extremely engrossing. But why? 

 

are supernormal. The basic argument is that before the development 
of commercial agriculture, refrigeration, and shipping, people 
had to hunt and forage for food for themselves and their family, 
so at a fairly primitive level, we may be designed to hunt and to 

whole new level. 

growing consensus that modern video games can lead to compulsive use in 
some individuals.
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 For example, hitting a target with a projectile is one of the core 

rewarding. So, perhaps it’s not a coincidence that some of the most 

which involve trying to hit targets with projectiles. 

 
number of targets to shoot at almost all the time. A skilled player is 
therefore constantly being rewarded with a hit on the order of every 
few seconds. Contrasting that to real hunting, particularly if you’re 
using a primitive projectile weapon, hitting a target might happen 
only once every few days. 

 Once again, we see how the modern stimulus is supernormal. 
It takes a naturally rewarding behavior and jacks it up to be 

the huge video game industry is evidence of just how rewarding 
and engrossing that supernormal stimulus can be. 

Neural Effects of Supernormal Stimuli 
 Are the neural effects of supernormal stimuli similar to the effects 

very few and far between. There are, however, some new studies 
on the neuroscience of compulsive eating and compulsive video 
gaming that shed some light on how these stimuli affect the brain. 

 Recall that dopamine is the molecule that’s associated with wanting 
or craving, and it underlies our motivation to do virtually everything 
we do—and that includes eating. Kent Berridge at the University of 
Michigan compared the behavior of normal mice to that of mice 
that had been genetically engineered to have abnormally high 
dopamine levels. He found that increased dopamine levels led to 
increased food craving. 
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 Dopamine also has been found to play an important role in 
video game playing. Matthias Koepp and his colleagues at 
the Hammersmith Hospital in London used positron emission 
tomography to measure dopamine levels in the reward circuit while 
participants played video games. They found that playing a simple 

the reward circuit. Furthermore, people who had the most success 
when playing the game also released the most dopamine. 

 A second important point about the neuroscience of addiction is that 
the pleasure response can become numbed by repeated activation. 
Over time, addicts often feel less pleasure from the same dosage 
of their drug. Addicts often turn to larger doses of their drug in an 
effort to overcome their numbed experience. But doing so only 
further numbs the pleasure centers. 

 It turns out that the same process can happen for supernormal 
stimuli. Ashley Gearhardt at the University of Michigan used fMRI 
to measure the neural response to food and food cues in two groups 
of young women: potential food addicts and controls. Her results are 
consistent with the idea that compulsive eaters are hypersensitive 
to food-related cues, but actually derive less-than-normal pleasure 
from real food consumption. This is the same kind of pattern we’ve 
seen in drug addicts: They crave drugs more despite deriving less 
and less pleasure from them. 

 
neuroimaging study of pornography. Sixty-four German men were 
asked how much pornography they watched on average each week, 
and their neural activity was also measured while they viewed 
pornographic images. The men who watched the most pornography 
each week exhibited the least neural activity in the reward circuit, 
which is consistent with the idea that they had developed a tolerance 
to sexually provocative images and a numbed reward response. 
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 Finally, what about neural rewiring with regard to drugs of abuse? 
Recall that drug addiction is associated with stronger neural 
associations between drug-related cues and drug-taking behavior. 
For the drug addict, the cues might be things like a needle or a crack 
pipe, and these stimuli become so strongly associated with drug 
taking that the mere sight of them immediately triggers thoughts of 
getting high. 

 Environmental cues can also become strongly associated with 
consuming junk food, viewing porn, or playing video games. For 
example, many people have developed very strong associations 
between watching television and eating high-calorie food. Stress is 
also a very common trigger to eat. In the case of pornography, cues 

on television or in magazines. For video games, triggers might 
include the sight of the game console or bumping into another 
regular gamer. 

 
For example, Chih-Hung Ko and colleagues at the Kaohsiung 
Medical University in Taiwan found that game-related cues, 

greater reward circuit activity in the gamers than in the controls. 
Furthermore, participants who exhibited the most neural activity 
were also the ones who reported the most craving to play after 
viewing the pictures. 

Approaches to Overcoming Behavioral Addictions 
 

addictions yet, but a few general principles can be drawn from 
studies of addiction that might be helpful. First, someone with a 
behavioral addiction has to recognize that he or she has a problem 
and be committed to trying to overcome it. The motivation has to 
come from within; it can’t come from someone else. 
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 Second, it’s important to understand the cognitive and emotional 
motivations that lead to the behavior. What thoughts and feelings 
trigger a desire to eat junk food, view porn, play video games, 
or engage in any other harmful behavior? Are there particular 
environmental stimuli that tend to trigger the problem behavior? 

strategy for avoiding them or coping with them when they do arise. 

 Third, developing a network of people to provide support and 

requires hard work, but having a social support network can make 
it somewhat easier. 

 

Barrett, Supernormal Stimuli. 

Grant, Potenza, Weinstein, and Gorelick, “Introduction to Behavioral 
Addictions.” 

Moss, Salt Sugar Fat. 

Wilson, “Your Brain on Porn.” 

Zimbardo and Duncan, The Demise of Guys. 

 

1. What is a supernormal stimulus? 

2. In what sense are junk food, porn, and video games supernormal? 

3. Do you think that it’s helpful or harmful to classify the compulsive 
consumption of junk food, porn, and video games as addictions? 

Suggested Reading

Questions to Consider
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