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Neuro-Cloud was started as a small service to publish neuroscience lab 
data to open-access servers. We hoped to be able to provide a unique data 
publishing platform that could be accessed by researchers around the world. 
We found that several open-access platforms already existed and after a 
year of publishing, we decided to partner with Next Generation Publishing 
to produce a brand new type of textbook made by researchers, students, 
and faculty together, before being peer-reviewed. All of the content in the 
textbook is open-access, and can be used however, as long as material is 
attributed where applicable. We want to integrate all of the learning resources 
available across the web, and provide an academic, narrative-based text to 
weave facts into the critical thinking applied at the time. We want to teach 
how scientists have thought about the concrete observations of their times. 
 The first wave of support was inspiring. Would-be contributors were 
contacted through various social media platforms, and they began working 
on the text that would become a chapter. This document contains the first 
piece of the contributor, crowd-force generated chapter, edited and loaded 
with open content before being peer reviewed. We believe that we have 
created a sustainable crowd network for generating new learning content. In 
order to facilitate these services, we are creating open-source web-apps and 
toolkits that brings contributor’s resources together. We have dubbed these 
services as the ‘Next Generation Textbook Portal’ and the ‘Next Generation 
Textbook Platform.’ While these service are still in development, we have 
created an interactive iBook preview for iOS devices. Please note that the 
iBook preview is meant to serve as a display of the services included in the 
iOS, Google App Market, Chrome App, and Web App version. iBook, ePub, 
pdf and print versions will also be available for free(or at cost, in the case of 
the print copy.) 
 The Next Generation Textbook Portal is unique because it is a first-of-
it’s kind model for providing free learning content. We believe that the currant 
educational market is flooded with ‘Free*’ or ‘Freemium” content delivered 
through in-app purchases and pay-to-remove ad services. We do not believe 
in releasing a product that is not as complete as possible, without having to 
download more features. Essentially, we want to provide content that makes 
students think, “why hasn’t this always existed”. Further, we want to empower 
the student to learn in whichever setting they choose. Our material can be 
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accessed as part of a traditional course, through a web course, or just by 
someone wanting to learn. The Next Generation Textbook Portal will provide 
the database hub that allows users to register with a class, battle other 
classes, or create their own learning tool.

quantifying the crowdforce - how it works
As part of the Neuro-Cloud Textbook Project, we want to follow up and 
publish the results of our “crowdforce.” This will provide anyone who wants to 
use crowd sourcing with open-access projects real data into what motivates 
contributors. We have logged all of our social outreach attempts, recorded 
what worked best, and documented new user engagement techniques. We 
believe we can generate a crowdforce project best-practices guide that will 
be backed by real and open data. 
 Access to open-data is one of the several pillars that supports 
the next generation publishing inc. model. We also rely on open-source 
programming, open-knowledge advocates, open-educators and every day 
citizen-scientists. By providing the general population with accessible open-
science materials, we can encourage STEM learning at all levels. The work 
in this textbook is an example of how students of science, at every level, 
can come together to provide society with materials that can be used in 
any setting. While we kept thorough and accurate learning standards, we 
attempted to present it in a way that could be a joy to all.

moving forward and future needs
The Next Generation Textbook Project was built to scale with the user 
database it services. Initially, a Google Apps for Education App Engine 
will serve as our primary web-app server. This will deliver content to the 
Website, iOS app, Google Market app, Chrome app and interactive iBook 
version. We would like to transition this service to a private server, so that 
we can enable as many services as possible. We expect to be able to cover 
all costs moving forward through personal donations, and are currently not 
interested in contributions that carry any legal obligation. All of our users 
content and web-enabled content is available under the CC 3.0 license and 
can be accessed by anyone. If you would like to make a donation, you 
can do so by contacting Editor@Neuro-Cloud.Net This includes any future 
partnership offers or content sponsorship. 



Initially, the print copy of the book was going to be a minor perk. We know 
some people hate reading electronically, and we did not want to exclude them 
from the project. However, a project created by The Finnish Design Institute 
of London inspired us to totally recreate the concept of a print textbook. What 
you now hold in your hands in the first draft of the layout for our paper copy. 
We have come full-circle and now believe that the print copy will be the very 
best way to learn, as it is a hybrid journal/textbook. We want students to 
feel like their textbook is unique to them and a beautiful record of their time 
spent learning. The ultimate goal for the paper copy is to make an affordable 
(>$15), well-crafted, personal book that could be taken anywhere. We hope 
you find yourself reading ahead, and sharing with your peers how exciting it 
is to learn about neuroscience. 

Neuroscience is not the end, but rather the beginning. Once we have 
completed one book, we hope to release a full series of free textbooks made 
with the consumer in mind.

other open-knowledge projects...
Besides textbooks, Next Generation Publishing has been able to engage in a 
number open-knowledge projects. 

#Phones4Africa is an initiative to re-purpose old electronic waste while also 
putting it to use in open-science. We have partnered with Mobile-Assay’s 
Gates Foundation Grant program to use old cell phone cameras as a low-cost 
agriculture testing platform. We have also been able to partner with open-
hardware initiatives seeking to create homemade spectroscopy web-cams. 

Additionally, we are working on a project called Schollit, which is a build of 
the open-source website ‘Reddit’, which incorporates the open academic 
registry ORCID into the registration process. The result is an indexed, open 
repository of academic work, submitted by authenticated academics and 
voted on by their peers. The Reddit commenting system will then facilitate 
cite-able, informal, micro-reviews for all posted academic content. 

We have also been able to be an advocate for academics in the tech sector. 
This year we have partnered with Force11 and the Mozilla Science Labs in an 
effort to make open-access resources more accessible. We hope to continue to 
partner with as many friends as possible as we all try to #DoSomethingGreat.

some of our other projects...

some of our friends...

www.schollit.com
#schollit

And countless others....
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And several others who didn’t email me 
back in time for the sample.

This is a work in progress, please let us 
know if you have any feedback.

a few of our contributors... your turn, do you have any 
open-science projects you would 
like to tell us about?

Please share your ideas or feedback!
@Neuro_Cloud
Editor@Neuro-Cloud.net
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10.1 Welcome
Drug and Alcohol addiction affects nearly 10% of the global population 
direction, and everyone indirectly. The way our justice system handles 
cases where drug addiction is a factor can only be successful if we 
understand the neuroscience behind it. Despite much progress, 
several aspects of addiction remain a mystery. We are starting to 
understand how drugs of abuse affect the brain, and some of the 
pathways directly responsible for the effects seen. As we introduce 
addiction from a neuroscience perspective, we will learn how we can 
use science to directly improve the lives of those suffering.
 We will start by going over the basics of drug abuse, 
dependence, and alcoholism. Then we will see some specific examples 
of drugs and what they do to the brain chemically. These chemical 
changes cause effects in several different pathways throughout the 
brain. Finally, we will see some of the current treatment option, as 
well as some new experimental treatments. Our goal by the end of 
this chapter is to ensure you know what a drug is, how drugs hijack 
existing pathway’s in the brain and how we are starting to apply that 
knowledge for treatment options.

What is a drug?
Even though drugs seem to be in the news everyday, and drug 
education programs exist in classrooms, it can be difficult to get 
an objective definition. So lets start there, a drug is a chemical that 
binds to receptors in the body to create a unique effect. While this 
is a very broad definition, you will see why more specific examples 
are insufficient. At first pass, the term drug often carries negative 
connotations, but remember, drugs also help save peoples lives. 
The field of research that studies drugs is known as pharmacology 
(pharma=drug cology=study) and includes a variety of drugs from 
aspirin to chemotherapy treatments for cancer patients. In this 
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chapter, we will be focusing on when people use drugs for recreational 
purposes, and what happens in the brain as a result.
 There are several reasons as to why someone would use a drug 
when they are not sick, most of the time it is because the effect of the drug 
produces a positive sensation in the body. Not all recreational drug use 
is bad, as almost everyone enjoys a morning cup of coffee and can do 
so with relative impunity. The molecule Caffeine is the active ingredient 
inside of coffee, and you will see how it acts as a stimulant in the brain. 
While caffeine is an example of a relatively safe recreational drug, there 
are of course more dangerous ones like Methamphetamine.

Pharmacodynamics and Pharmacokinetics
Before we begin talking about the different drugs, it is important to introduce 
2 pharmacological ideas, pharmacodynamics and pharmacokinetics. 
Pharmacodynamics (pharma=drug dynamics=power) is the study of 
the effect a drug has on a system while pharmacokinetics is the path 
a drug takes once it is inside of a system. You can think of like this; 
pharmacodynamics is how powerful a drug is and pharmacokinetics is 
how long it stays in your system. If you had a very powerful (dynamics), 
lethal toxin that leaves (kinetics) the body before it is absorbed, you 
could consume it with impunity. There are several complex mathematical 
models for calculating each one of these principles, but for our purposes, 
we are mostly concerned with the idea of bioavailability, or how much of 
a drug is active once it is in the system. 

Bioavailability 
For the purposes of neuroscience, we only really care about drugs that 
have made it into the bloodstream, where they can enter into the brain. 
For a drug to have an effect on the brain, it needs to be able to bypass 
the blood-brain barrier, if you need to review this concept, check out 
chapter three. There are several different ways that a drug can get into 
the bloodstream, and the different routes affect how much is available in 
the bloodstream. The largest factor to consider is something called first 
pass metabolism, which is the bodies first attempted to clean up a foreign 
drug in the system. First-pass metabolism takes places in the liver, where 
a drug is transported after being consumed and absorbed through normal 
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digestion. The effect first pass metabolism has depends, not only on the 
drug, but also the person. The FDA looks at several factors, including 
general population tolerance when deciding how determine drug dosages. 
 Some drugs are not impacted by first pass metabolism at all, 
while others can have up 90% of the drug become totally inactive during 
first-pass metabolism. This could be legal If a drug is produced with the 
intention of being taken orally, but is either injected or snorted because 
the patient would be receiving 10x the normal dose. 
 Other factors can influence the way rate and efficiency that a 
drug is metabolized. Digestive enzymes through out are responsible 
for degrading drugs into metabolites that are no longer active. If these 
enzymes are increased or decreased, the available drug in the body 
is inversely affected. For example, there is a class of anti-depressants 
called Monoamine Oxidase Inhibitors (MOI’s) that cannot be taken 
with certain medications because they increase the amount of time that 
the drug is available in the body through a process known as enzyme 
induction. The opposite can also be true, when an enzyme causes a 
drug to be degraded more quickly. This process is known as enzyme 
inhibition.

In your own words define...
Pharmacodynamics:

Pharmacokinetics:

Pharmacology:

Bioavailability:

Blood Brain Barrier:

1st Pass Metabolism:

NOTES

Check your work
&

Review Vocab



WHAT DO YOU THINK?
Did you know you writing your thoughts by hand helps your 
brain remember them better? If you don’t believe us, then give 
it a shot. Make this book yours. 

How would you define the term ‘drug’?

Major factors leading to addiction

Genetics - New evidence shows that some people may be 
born with a predispositioin to addition based on their genes.
Psychology - Sometimes, a traumatic incident in life can 
increase the likelihood of addiction
Co-morbidity - Someone who is diagnosed with a separate 
mental condition can have a higher chance of developing 
addiction or dependence. 
What are some other factors that could 
lead to addiction or dependence?

10.1 REVIEW

What would you like to learn about 
drugs and addiction?

Critical Thinking
Another factor that contributes to a drug’s pharmacodynamics and 
pharmacokinetics is when drugs are taken together. Several people 
drink alcohol when they take drugs, what effects do you think 
et-OH with the following drugs? Check your answers Online.

C_C_OH
+

Cocaine

C_C_OH
+

THC

C_C_OH
+

Xanax



Drugs can be wonderful things, after all, they make us feel better when 
we are sick. Sometimes, people use drugs to achieve an effect different 
than it’s intended use, or they use more than they should, the drug is 
considered abused. The chemical structure of the drug contributes to 
it’s likelihood to be abused. While science does not know everything 
about every drug, we have learned how some addictive drugs behave 
in the brain. We will divide drugs of abuse into 2 major categories, 
stimulants and depressants, although there are several other classes 
and subclasses of drugs.

Stimulants
Stimulants generally increase the physiological or neuronal activity in 
the body.

Cocaine
Cocaine is a powerful CNS stimulant. The drug comes in three 
forms: hydrochloride salt (injected into the body or snorted), free base 
(smoked), and crack (smoked). The three different routes of ingestion 
(injecting, snorting, and smoking) produce different onsets in the brain. 
Although cocaine can be used as a local anesthetic, it is commonly 
used (and abused) as a recreational drug.
 Cocaine acts on the “cocaine receptor site” in the brain. The 
“cocaine receptor site” is a dopamine transporter (DAT) that is 
blocked by cocaine. Blocking the DAT causes an increase in levels of 
dopamine in the synapse, cause neuronal firing. Prolonged cocaine 
use damages nerve cells, depleting their DA supply. As a result, 
the user experiences a “crash,” consisting of long periods of sleep, 
depressive symptoms, drug  seeking, and an inability to experience 
pleasure. Hence, the drug user experiences a withdrawal syndrome.
 Cocaine does not produce chemical dependence in all users. 

In your own words define...
Drugs of Abuse:

Stimulants:

Depressants: 

NOTES

DAT

10.2 Drugs of 
Abuse



According to Anthony et al., Approximately 17 -18% of users develop a 
dependence on cocaine and 5 6% of users become dependent within the 
first year of use. Some users may never develop cocaine dependence.

Amphetamines
Amphetamines are a broad class of drugs that include dextroamphetamine, 
methamphetamine, methylphenidate, and mixtures of amphetamine 
salts. It is estimated that approximately 11% of users become dependent 
on amphetamines. The behavioral actions of amphetamines are similar 
to those of cocaine, though they generally last for a longer duration. 
Unlike cocaine, however, amphetamines do not function by blocking 
DAT. Instead, amphetamines cause the release of DA and low levels of 
norepinephrine and serotonin from neurons.

Caffeine
Caffeine is the least potent of the CNS stimulants. It is mainly found in 
coffee, tea, cola drinks, specialized products (i.e. Red Bull), and other 
beverages. Caffeine can increase alertness, alter sleep patterns, reduce 
fatigue, and cause headaches, gastritis, nervousness, dizziness, and 
heart palpitations. Caffeine can produce a mild to moderate tolerance 
response. Furthermore, it is possible to suffer from caffeine withdrawal, 
characterized by headaches, feelings of weariness, weakness and 
drowsiness, impaired concentration, fatigue and work difficulty, 
depression, nausea, and vomiting. Although physicians recommend that 
patients with cardiac abnormalities, anxiety, insomnia or gastrointestinal 
disease reduce their caffeine intake, caffeine does not generally produce 
life  threatening medical consequences. Caffeine may involve an action 
at the adenosine receptors in the brain. However, the neuro-chemical 
mechanism of caffeine is poorly understood.

Depressants
Depressants decrease the physiological or neuronal activity in the body.

Benzodiazepines
Benzodiazepines   can be used to reduce anxiety (anxiolytics) 
and promote sleep (hypnotics). Anxiolytic benzodiazepines include 
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alprazolam (Xanax), chlordiazepoxide (Librium), and diazepam 
(Valium). Hypnotic benzodiazepines include flurazepam (Dalmane), 
triazolam (Halcion), and temazepam (Restoril). These drugs 
increase the level of GABA, an inhibitory neurotransmitter, in the 
brain. Increasing the function of GABA suppresses overactive 
symptoms, such as stress and anxiety.
 People can abuse benzodiazepines by using them for a 
prolonged period of time. Approximately 9% of users become 
dependent. Dependence on these drugs is problematic because 
detoxification can take months. This is because some of these drugs 
have a relatively long half-life. Thus, benzodiazepines stay in the 
body for longer than other drugs. Counseling or 12  step programs 
(see below) are needed to maintain abstinence.

Opioids
Natural opioids are derived from the opium poppy and include 
morphine, codeine, and semi -synthetic compounds derived from 
them, such as heroin. The primary use of opioid analgesics, such 
as morphine, is the treatment of pain. A secondary use is in treating 
coughs. Opioids are occasionally used to treat diarrhea because of 
their tendency to cause constipation. 
 Opioids mirror the activities of naturally  occurring peptides 
called endorphins, enkephalins, and dynorphins. Opioid agonists, 
such as morphine, are drugs that activate opioid receptors in the 
brain. Conversely, opioid antagonists, such as naltrexone, are drugs 
that block opioid receptors.
Opioids may be smoked, snorted, injected intravenously, or ingested 
orally. Compared to other drugs, opioids have few side effects. 
Hence, chronic use of these drugs does not produce organ pathology 
as occurs with smoking or alcohol. However, opioids do pose acute 
dangers, including chemical dependence production and accidental 
overdose.
 Opioid use is characterized by large amounts of rapid tolerance 
build -up and severe withdrawal with chronic use. Tolerance develops 
to the euphoric and analgesic effects of opioid use. Addicts require 
detoxification and counseling for lifelong abstinence.
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Other types of drugs

Inhalants
While widely used across the world, inhalants are one of the most 
dangerous classes of drugs. These drugs are inhaled by a user 
containing the gas that he or she wishes to abuse, and breathing it 
deeply. Inhalants often contain cleaning products and substances that 
are toxic to the human body. Because Inhalants directly inhibit your 
repository system, fatalities are not uncommon. The high that inhalants 
produce are often relatively short, and cause symptoms of confusion, 
nausea, euphoria and difficulty breathing. 

Hallucinogenics 
Hallucinogenics come in several different forms. Some are naturally 
produced, like mushrooms or toad venom, while others like LSD are 
artificially synthesized in a lab. Not to much is known about how these 
drugs produce both auditory and visual hallucinations, however it 
appears that the brain’s natural sensory filter is disabled. Some drugs 
like ecstasy also target the 5-HT system in the brain, causing increased 
feelings of pleasure. ‘Bad-trips’ refer to drug hallucinations are negative. 
When a drug user is having a ‘bad-trip’, they can be risk to themselves 
or others.

If you or a loved one suffers from drug addiction, reach out 
to your local helpline, this book is not meant to be a guide for 

treatment or medical advice.

Mechanism’s of action
Briefly describe how the following drugs work

Caffeine:

Amphetamines:

Benzodiazepines:

Your turn, research a drug not given in this chapter and 
write about how it works in the brain.

Draw out the molecular structure of one of the drugs, how 
does it’s structure contribute to it’s function?

10.2 REVIEW



10.3 Molecular 
Mechanisms of 
Dependence
Neurotransmitter dysregulation, a disruption of neuronal activity, is 
associated with chemical dependence. Neuronal dysregulation may 
result due to a disruption in chemical production or because of faulty 
receptors for a specific singling molecule. The dysregulation may 
be inherently present in an individual or may be caused by constant 
drug consumption and psychosocial stress (i.e. trauma).

The Brain’s Reward Pathway

The “reward pathway,” anatomically known as the mesolimbic 
dopamine system (MDS), is the neuronal site where drugs produce 
dependence in susceptible individuals. Neuroscientists believe that 
the function of the MDS neurons is disrupted due to a combination 
of genetic predispositions, long-term drug and alcohol exposure, 
and environmental influences.
 Based on current research, two general theories regarding 
the development of chemical dependence have emerged. The first 
theory suggests that brain sensitivity to certain chemicals changes 
over the course of time, called neuro-adaptation. This theory results 
from the observation that most individuals develop impairments in 
their ability to control their drug use through prolonged drug exposure. 
Prolonged exposure to a drug leads to a gradual dysregulation of 
MDS neurotransmitter systems. As a result, the activity of MDS 
pathways is altered in the presence of a specific drug, a process 
known as synaptic plasticity. A weakness of the neuro-adaptation 
theory of chemical dependence is that it does not adequately explain 
why some individuals who consume drugs do not lose control of 
their drug  taking behavior.

NOTES
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Several  of the signs and symptoms of drug abuse mimic 
those seen in the brain when somebody is in love. The Na-
tional Public Radio show ‘RadioLab’ dedicated a segment to 
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“This is your brain on love”
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 A second theory suggests that susceptibility for chemical 
dependence is present in the MDS at birth. As a result, this theory 
advocates that genetic predisposition is more crucial for developing 
a substance addiction than long-term neuro-adaptation. This theory 
results from the observation that some people become dependent 
early in life with low levels of drug exposure. It is, hence, reasonable 
to assume that these individuals have the greatest genetic tendency to 
develop a substance abuse problem. Oftentimes, this theory is simply 
explained using the phrase “the disease is in the brain, and the out of 
control drug use is only a symptom of the disease.”

Both of the aforementioned theories are plausible. It is very likely 
that a combination of the two different mechanisms contributes to the 
development of chemical dependence.

Anatomy of the Mesolimbic Dopamine System (MDS)
The MDS is composed of the ventral tegmental area (VTA), the nucleus 
accumbens (NAcc), and the frontal and prefrontal cortex.
The ventral tegmental area (VTA) is located close to the mid-line on 
the floor of the midbrain. The VTA projects onto subcortical (NAcc), 
archicortical (amygdala), paleocortical (anterior cingulate cortex), and 
neocortical (frontal and prefrontal cortex) areas. Mesocorticolimbic 
dopamine (DA) systems originating in the VTA include: neural 
projections from the cell bodies in the VTA to the NAcc, amygdala, 
and prefrontal cortex; glutamate (GLU) projections from the prefrontal 
cortex to the NAcc and the VTA; and projections from the GABA nerve 
cells of the NAcc to the prefrontal cortex. GABA -inhibitory action on the 
VTA is regulated by opioid interneurons. Furthermore, serotonin (5 HT) 
projections from the raphe nucleus extend to the VTA and the NAcc. 
Medications to reduce chemical dependence are beginning to target 
these circuits.
 Essential parts of the circuit project below the area of the neocortex 
and consciousness. Hence, drug dependence develops without 
conscious thought or recognition. The effects of drugs on neuronal 
projections to the frontal lobes eventually lead to impaired control over 
drug use, through a reduction of decision -making functions. Hence, a 
“lack of willpower” and “personal weakness” do not play a significant 
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role in the development of chemical dependence. Psychological 
characteristics are involved in the drug  use disorder of chemical abuse, 
not drug dependence.

Neurobiological Theories of Dependence

Drugs that affect the MDS have the potential to produce chemical 
dependence. In contrast, drugs that have little or no effect on the 
MDS do not have the potential to produce chemical dependence. As 
mentioned above, a prevailing view is that chemical dependence is a 
type of synaptic plasticity, called neuro-adaptation, which occurs within 
the MDS. Environmental cues, including drugs and other strong stimuli, 
influence the brain’s neural adaptation process, inducing changes 
in brain chemistry. Drugs are particularly potent stimuli for affecting 
synaptic plasticity because their effects on neuronal circuitry are more 
powerful than other types of stimuli, including physiological stimuli.
 For example, studies have shown that exercising can cause a 
release of pleasurable neurotransmitters, including endorphins, DA, 
and 5 HT. However, the release of endorphins following exercise is 
substantially smaller than the release of endorphins caused by ingesting 
one dose of heroin. Such quantitative differences in the magnitude of 
effect can lead to qualitative differences in the type of adaptation that 
can occur.
Four complementary theories are used to describe the complex 
mechanisms that underlie the neuro-adaptation theory.
They include:

• The Allostasis Theory 
• Pathology of Motivation and Choice Incentive    
Sensitization 
• Learning and Memory Mechanisms 
• The Allostasis Theory

The allostasis theory was originally proposed by Koob and Le Moal in 
1997. It suggests that drug addiction has characteristics of both impulse 
 control disorders and compulsive disorders. Individuals who suffer from 
impulse  control disorders often experience a growing arousal preceding 
an impulsive act. Alternatively, compulsive disorders are characterized 
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by anxiety and stress preceding a compulsive repetitive behavior and a 
release of stress by performing the compulsive act.
 According to Koob, the transition of an impulsive disorder to a 
compulsive disorder is marked by a shift from positive reinforcement 
(results that produce satisfaction) to negative reinforcement (a result 
that stops painful or unsatisfying stimuli) to drive a behavior. Koob 
uses three stages of addiction to describe an addict’s progression 
from impulsivity to compulsivity: preoccupation / anticipation, binge / 
intoxication, and withdrawal / negative affect.
 The concept of allostasis, defined as the process of achieving 
stability through change, was originally proposed to account for 
the mechanisms of stress and anxiety, and alcohol and chemical 
dependence. The term allostatic state may be used to explain how 
movement of physiological parameters out of homeostasis can cause 
drug and alcohol dependence through the establishment of a new set 
point.
 In a 2003 paper, Koob hypothesized that levels of DA, 5 HT, 
and endorphins decrease during physiological withdrawal, driving the 
transition from drug use to drug dependence. These changes take place 
in the circuitry of the basal forebrain macrostructure of the extended 
amygdala.
 In summary, the allostasis theory is based on strong experimental 
evidence, lays a foundation for the DSM -IV diagnostic criteria, and 
explains neurobiological changes that occur in the MDS and in the 
extended amygdala. The allostasis theory is criticized for relying heavily 
on withdrawal mechanisms as an explanation. Furthermore, it fails to 
explain why allostasis occurs in some drug users and not in others. 

The Pathology of Motivation and Choice Theory
Kalivas and Volkow described three temporally sequenced stages of 
addiction: acute drug effects involving DA circuits, a transition from 
recreational use to repetitive use, and end -stage addiction, characterized 
by an overwhelming desire to use the drug and a diminished ability to 
control drug- seeking behavior. They found that repeated drug exposure 
involves the prefrontal cortex and its GLU connections to the NAcc. 
This theory emphasizes that these GLU projections make up the final 
common pathway for drug -seeking behavior.
 An advantage of the theory is that DA and GLU dysregulation 
has been confirmed in numerous studies. However, the model does not 

In previous chapters we have gone over several of the 
neurotransmitters that are involved in addiction, for each NT, 
give an example of another neural system the transmitter 
involved in.

Dopamine (DA): 

Serotonin (5HT):

Endorphins:

Theory Areas of the brain 
involved

Neurotransmitters
involved

What are your top 3 theories?



address the speed of onset of chemical dependencies and does not 
account for the genetics of addiction.

The Incentive Sensitization Theory
To date, the most popular concept of neuro-adaptation is the incentive 
sensitization theory, which suggests that the MDS, particularly NAcc  
related circuitry, is closely involved in the development of chemical 
dependence. The model focuses on how chemical cues trigger 
excessive incentive motivation for drugs, leading to compulsive drug -
seeking, drug  taking, and relapse.
 NAcc  related circuitry is involved in providing salience, or 
meaning, to environmental cues associated with external and internal 
rewards. The theory suggests that repeated exposure to drugs 
sensitizes the DA and GLU pathways that predominate in the MDS, 
causing increased activity of the pathway with increased drug use. 
Sensitization of the pathways causes long-term plastic changes in the 
MDS. Alternatively, repeated drug exposure causes decreased activity 
in the neuronal pathways associated with tolerance.
Individual differences in susceptibility are an important feature of 
sensitization for addiction. Animal studies have found that some 
individuals sensitize readily to a given drug, while others do not. 
Hence, the incentive sensitization theory may explain why drug  users 
experience different levels of chemical dependence. Susceptibility 
may be affected by genetics, sex hormones, stress hormones, and 
environmental factors.
 Neuro-adaptation may involve numerous long-lasting changes 
in NAcc  related circuitry. For instance, an increase in DA release in the 
NAcc appears to be associated with brain sensitization. Furthermore, 
distinct changes in GLU (a stimulatory chemical) neurotransmission 
have been observed in sensitized animals. It is possible that drugs 
affect the structure of neurons in the NAcc and prefrontal cortex during 
sensitization. In 1997, for example, Robinson and Kolb showed an 
increase in the density and types of dendritic spines containing GLU 
synapses in the NAcc. It is now commonly accepted that sensitization 
is accompanied by major reorganization of neuronal circuitry.
 The incentive sensitization theory is comprehensive, supported 
by adequate amounts of research, and congruent with accounts of 
onset and relapse reported by drug  users. Unfortunately, the model is 
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criticized for relying heavily on animal studies. Scientists are not certain 
if observations in animals can explain mechanisms of human disease. 
Finally, the model does not address patients who have become tolerant 
to a drug but continue to seek the drug in order to avoid withdrawal 
symptoms.

The Learning and Memory Mechanisms Theory
Learning and memory have been associated with “consolidation” of 
incoming stimuli. A form of neuro-adaptation, consolidation suggests 
that long-term changes occur in neuronal pathways. In a 2005 
study, Everitt and Robbins suggested that drugs act as “instrumental 
reinforcers.” Drugs increase the likelihood of responses that produce 
them, causing compulsive drug  taking behavior. Environmental stimuli 
that are closely associated in time with the effects of self- administered 
drugs gain “incentive salience” through Pavlovian conditioning. For 
instance, needles gain incentive salience for intravenous heroin users. 
Furthermore, drugs produce subjective effects, including “feelings” and 
distortions in sensory processing. Everitt and Robbins found that the 
transition from occasional to frequent drug use depends on interactions 
between Pavlovian (unconditioned) and instrumental (reinforced by 
repetition) learning processes occurring in the ventral and dorsal  most 
regions of the MDS.
 Experimental evidence indicates that DA release can affect 
stimulus  reward learning to shape the response to reward  related 
behavior. Additionally, intracellular signaling cascades may underlie 
mechanisms of chemical dependence because they can convert drug  
induced signals, such as DA release, into long-term neuronal changes.

NOTES

Question?
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Everitt and Robbins “Neural systems 
of reinforcement for drug addiction: from 
actions to habits to compulsion” 2006 
Nature Publishing Group

Original Text
Test your learning by putting it all together and reading a 
current article on addiction. Do you agree with all of the 
conclusions of the author? Which ones do you disagree with?

Choose and draw out one of the 4 addiction theories.

___The Allostasis Theory 
___Pathology of Motivation and Choice Incentive Sensitization 
___Learning and Memory Mechanisms 
___The Allostasis Theory

Like what you drew? Tweet it to @Neuro_Cloud with #Ch10
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10.4 Treatment 
Options

New medications for chemical dependence are increasingly designed 
on neurobiological evidence. However, medications are most effective 
when used in conjunction with 12- step programs (such as Alcoholics 
Anonymous) and counseling.

Current Treatment Options

12-Step Programs
12- Step recovery programs are commonly used to help people with 
alcohol and drug dependencies. By attending frequent meetings, many 
people begin recovery. 12 -Step programs work most effectively when 
coupled with medical detoxification. Although it is difficult to estimate 
outcome numbers, 5% of alcoholics in a nation participate in A.A. It is 
likely that 12 -Step programs promote biological changes in the brain. 
Hence, neurobiological studies are needed to track brain changes in 
individuals in 12- Step programs.
 While 12-Step programs are difficult to track, the majority of 
treatment professionals have adapted their key tenants of addiction for 
every successful treatment paradigm. It is now universally accepted that 
current successful treatment plans need to include 100% abstinence, 
or the users habits will eventually bring them back to addiction. This is 
known as a chronic condition, meaning that the disease gets worse over 
time, and will alway require up- to -date treatment. A good way to think of 
it is that our best tools for addicts are only treatments, not cures and he 
treatment needs to continue, or the symptoms will recur.
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Counseling
Individual counseling procedures include cognitive  behavioral therapy 
(CBT) and motivational enhancement therapy (MET). Counseling 
generally involves education, reflection, and counselor guidance.

Detoxification
Detoxification is a medical technique used to help chemically dependent 
patients become free of drugs prior to more extensive treatment that 
will empower them to remain free of compulsive drug  seeking and drug 
 taking.

New or Experimental Treatments

Vaccines
Vaccines are being developed for the treatment of nicotine, cocaine, 
methamphetamines and other chemical dependencies. Vaccines are 
produced with antibodies that bind the drug in question and change its 
pharmacokinetics to produce a therapeutic tool. The major intent of the 
vaccine is to reduce the extent or rate of drug distribution in the brain.

Exercise Therapy Programs
Recently, a group called ‘Phoenix Multisport’ has started a statewide 
outdoor adventure service for people in recovery. This is consistent 
with current research which shows that the natural endorphins 
produced during activity can ease the symptoms of withdrawal, and 
the community boosts psychological stabilization. The non -profit hopes 
that they can become a national service, and have been nominated as 
a CNN Hero’s organization. This video show how the founder, Scott 
Strode, started the organization and how it works. As Scott mentions, 
treatment programs are most beneficial when used in tangent with one 
another.
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10.5 Drugs and 
Society
Because drug addiction is so prevalent across modern society, it is a 
passionate issue that impacts everyone. Several programs are trying 
to address the root issues behind addiction and considering moving 
away from the traditional judicial punishments.

Do you have any ideas for new drug addiction 
treatment?

CNN Heroes Tribute: Scott Strode
Youtube - 3.03 minutes.

NOTES

10.4 REVIEW
Hypothetically, if you could design your own treatment 
plan for a patient, what would it consist of?
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Drug Courts
In 2011 the popular radio program ‘This American Life’ reported on 
one drug court where a state judge was given too much power while 
working with addicts. The story brought national attention to drug court 
programs across the country and how our courts approach drugs and 
crime.
 Research indicates that the majority of drug crimes are 
nonviolent, and the prosecuted addicts may be more likely to become 
violent criminals after going through the traditional judicial system. It is 
important for governments to hold their citizens accountable for their 
actions if those actions impact others, regardless of circumstances, 
however, there are several programs that are working on ensuring that 
addicts get the help they need before resorting to traditional sentencing. 
For example, someone may be arrested for possession of cocaine, and 
be charged with felony possession that would make them lose their 
job, license and more. It may be more effective if we could get first -
time offenders into rehabilitation programs before removing them from 
society. There may always be cases where jail is right choice for a first 
 time offender, but judges want the freedom to decide how to handle 
each instance.

Drugs and Public Policy: Syringe Exchange
One example of harm- reduction ideology is syringe exchange programs. 
While traditional logic may believe helping drug addicts use drugs will 
only make the problem worse, results show that they may provide 
addicts with a resource for quitting. Further, syringe exchange has 
been shown to lower rates of HIV and hepatitis in drug communities. 
Police and EMT’s also have a lower rate of contracting diseases during 
pat downs and arrests.

THC and Legality
Recently, two states in America voted to have recreational pot legalized. 
Colorado already has an extensive medical marijuana program which 
has generated epidemiological data that will provide insights into 
new policy moving forward. One study, conducted at the University 
of Colorado at Denver Medical Hospital examined cases of children 

Harm Reduction Coalition - Syringe Access

NOTES

Syringe Exchange Programs. Good or Bad?

Circle one: Good   Bad



coming into the Emergency Room for THC poisoning. It is yet to be 
seen as to whether or not measures to protect children from accidental 
THC poisoning will be effective (George Wang, MD et. al).

Medications and Alcohol
An alarming trend in the recreational drug-user community is combining 
the effects of multiple drugs. A similar danger arises when prescription 
drugs are taken with alcohol. College campuses, where the ADHD 
medication Methylphenidate is abundant, are particularly at risk when 
students mix medications with alcohol. New studies show that a reaction 
spontaneously occurs in the bloodstream where the methyl- group on 
the drug switches with the ethyl group on the alcohol. The end result 
is Ethylphenidate, which binds to DAT receptors with a much greater 
affinity. Ethylphenidate is also metabolized much faster (about .5 hrs 
instead of 4 hrs), so the drug is cleared from the body much faster. If 
someone who suffered from ADHD were to take their medicine with a 
beer before studying, they might find that they cannot focus as long. 
Some drugs, like Benzodiazepines, work with alcohol to become much 
more potent so that a user’s impairment is much greater than without 
alcohol. You should always consult with a medical professional before 
drinking alcohol with any drug. If you are taking a new medicine, be 
aware that drinking alcohol can change the effects.

Drugs and Education
Over the years there have been several efforts to teach kids about drug 
and alcohol abuse in schools. Regardless of your personal stance on 
drugs and alcohol, it is clear that access to good information will be 
the most valuable tool for helping adults make healthy choices when it 
comes to drug and alcohol use. We hope that this chapter provided a 
good introduction into the topic of drugs and alcohol, but each day new 
discoveries are made. Always consult with a doctor or pharmacist for 
questions regarding drug safety and you. 

George Wang, MD et. al
University of Colorado at Denver
Press Release - 5/28/2013
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Neuro-Cloud Blog
New uses for an old party drug
Recently the drug ketamine has been used to treat a 
number of neural disabilities. Read about it!



Chapter 10 - Review

Label the 3 major parts of the mesolimbic dopamine system.
Label 3 more regions of the brain NOT covered in this chapter.
What are 2 roles that the mesolimbic dopamine system plays in the brain?
1.                                                             
2.                                                             

VOCAB
For each of the following terms, give a brief definition. When you are 
done, check your answers at the bottom.

12-Step Program

Benzodiazapines

DAT

Drug

First Pass Metabolism

Psychological Dependence

Routes of Entry

Pharmacodynamics

Depressants

Co-morbidity 

Pharmacokinetics

Your turn: Now it is your turn, write a quiz question and 
share it with one of your friends.

1.                                                                                                          
                                                                                                               
                                                                                                               
                                                                                                             ?
Now try to stump us! Tweet it to @Neuro_Cloud #BrainBuster

More Vocab Flashcards Practice Test Questions?


